
R E V I EW

Kawasaki Disease: Pathology, Risks, and Management
Mitsuru Seki , Takaomi Minami

Department of Pediatrics, Jichi Medical University, Tochigi, Japan

Correspondence: Mitsuru Seki, Department of Pediatrics, Jichi Medical University, 3311-1, Yakushiji, Shimotsuke, Tochigi, 329-0498, Japan, Tel +81-285-58-7366,
Fax +81-285-44-6123, Email m-seki@jichi.ac.jp

Abstract: Kawasaki disease (KD), first reported as an acute febrile mucocutaneous lymph node syndrome, is a self-limiting vasculitis
of unknown etiology. The most important aspect of KD is the prevention of coronary artery lesion (CAL) because myocardial ischemia
or infarction due to CAL might be lethal. In addition to the CAL, patients with KD develop systemic vasculitis, which indicates the
presence of vascular endothelial damage. Studies assessing pulse wave velocity or percentage change in flow-mediated dilatation have
shown that aortic stiffness is increased in patients with KD history. In contrast, the cardio-ankle vascular index, a novel parameter not
affected by blood pressure, has not demonstrated increased aortic stiffness in patients with KD. Although many studies using various
parameters have suggested a risk of atherosclerosis in patients with a history of KD, a few others have reported no significant
differences between KD patients and controls. Therefore, it will be necessary to thoroughly understand the characteristics of each
parameter, before evaluating the results of those studies, to understand systemic vascular dysfunction in these populations, and to
manage their vascular health. Although it is controversial whether the risk of atherosclerosis in patients with KD is higher, those with
CAL are thought to be at a high risk of atherosclerosis. Therefore, appropriate treatment to prevent CAL in the acute phase and
subsequent regular follow-up is important. Here, we review the pathology, risk, and management of vascular disorders, especially
systemic vascular disorders, in patients with KD history.
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Introduction
Kawasaki disease (KD), first reported as an acute febrile mucocutaneous lymph-node syndrome by Tomisaku Kawasaki in
1967, is a self-limited vasculitis of unknown etiology.1,2 KD usually occurs in infants or young children, causing coronary
artery dilatation or aneurysm, and it is the most common cause of acquired cardiac disorder in children. Coronary artery lesion
(CAL) develop in approximately 25% of patients with KD who do not receive appropriate treatment.3

A nationwide epidemiological survey of KD in Japan began in 1970.4 More than 15,000 patients have been reported
annually in recent years, and the incidence rate (per 100,000 children aged 0–4 years per year) was 330.2 (371.2 in boys,
and 287.3 in girls) in 2015, and 309.0 (343.2 in boys, and 273.2 in girls) in 2016. Genetic factors appear to be involved in
KD pathogenesis, as suggested by the highest incidence among Asians and Pacific Islanders and in boys versus girls.5

Siblings of children with KD are at increased risk of developing the disease.6 Sibling pairs suffering from KD within a
short time interval may be due to some environmental triggers, including infectious antigens.7 The involvement of
infective factors or foreign antigens in the development of KD has been considered. Although viral agents can trigger
KD, the cause of this syndrome is still unclear. Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) had created a global pandemic, and recent studies have shown that several
children diagnosed with COVID-19 had developed KD-like symptoms, that is, multisystem inflammatory syndrome in
children (MIS-C).8–11 Therefore, a detailed study of these contributing factors may help elucidate the pathogenesis of
KD. On the other hand, from the recent epidemiologic association between KD and common pediatric infectious diseases
during the COVID-19 pandemic period, there is a possibility of KD being triggered by unidentified respiratory pathogens
that potentially might be acquired from both, within and outside the household.12
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The most important aspect of acute management of KD is the prevention of CAL. Patients with intravenous
immunoglobulin (IVIG)-resistant KD are at an increased risk of developing CAL compared with IVIG responders.
Additionally, the severity of coronary artery aneurysm is associated with long-term coronary events in patients with
KD.13,14 Although various additional treatments have been established for IVIG-resistant KD, such as prednisolone,15

infliximab,16 cyclosporine,17 urinary trypsin inhibitors,18 and plasma exchange,19 the development of coronary artery
abnormalities has not been overcome. Acute-phase vascular damage, which includes rapid destruction of endothelial
cells, elastic lamina, and medial smooth muscle cells, results in aneurysm formation.20,21 Furthermore, in addition to
vascular abnormalities in coronary arteries, patients with KD, especially those with CAL, are noted to be present with
systemic vasculitis because inflammation occurs in medium-sized muscular arteries throughout the body.22,23 Here, we
review the pathology, risk, and management of vascular disorders in patients with a history of KD. Vascular disorder in
KD is often focused on the coronary arteries. However, the risk of systemic vascular damage and subsequent athero-
sclerosis is crucial and is the focus of this review.

Histopathology of Vasculitis
The inflammatory phase of coronary arterial vasculitis in acute KD usually lasts for approximately six weeks.24 The
earliest histological change in coronary arteritis is infiltration of inflammatory cells in the tunica adventitia and tunica
intima that occurs approximately one week after the onset of KD. Subsequently, inflammatory cells infiltrate the tunica
media, leading to the inflammation of all layers of the coronary arterial wall. Due to significant damage to arterial
components, such as the internal elastic lamina and tunica media, the artery begins to dilate approximately 10–12 days
after the onset of KD. The inflammatory cell infiltration continues for about two weeks and then gradually fades, leaving
scars that heal after ~40 days of the disease. Even after the inflammatory cells disappear, the inflammatory scar persists
for a long time. Especially in patients with coronary aneurysms, various findings of arteritis may be observed, such as
stenotic lesions or extensive calcification of the aneurysm wall. Regressed or transiently dilated aneurysm lesions have
been found to have residual scarring due to vasculitis in the chronic phase.25

In the acute phase of clinical course, coronary arteries are mainly injured, but it is considered that other systemic
blood vessels have also been injured by inflammation. Whole-body examination for KD to evaluate systemic vasculitis
revealed that vascular lesions, such as dilatation or aneurysm develop at various sites throughout the body, especially in
the subclavian, brachial, axillary, and iliac arteries.26–29 The course of KD vasculitis is thought to be synchronous
throughout the body.22 The incidence of systemic arterial aneurysm has been reported to be 0.8–2.0%, and it is seen in
KD patients with CAL who underwent angiography three months after the onset. Although these reports are based on
data obtained prior to year 2000, these incidence rates cannot be easily contrasted over time.30,31 Improved treatment
strategies for the acute phase of KD might be able to reduce the incidence of systemic arterial aneurysms; however, a
recent report has shown a similar incidence (2.0% of KD patients).29 Additionally, many case reports have revealed that
systemic arterial aneurysms are almost always associated with giant coronary arterial aneurysms,22,26–29 and detailed
evaluation should be considered in these patients.

Atherosclerosis and Vascular Stiffness
Adverse Cardiovascular Events
Early documented post-KD patients are now old enough to progress to atherosclerosis. Endothelial injury and dysfunc-
tion in vessel walls are key to the development of atherosclerosis. Endothelial injury and endothelial dysfunction induce
inflammatory reactions. Possible causes of endothelial dysfunction leading to atherosclerosis include elevated and
modified low-density lipoprotein cholesterol levels. Endothelial dysfunction after vasculitis in KD might be one of the
factors promoting the development of atherosclerosis.32

It is well known that vascular stiffness increases in the atherosclerotic vasculature. As mentioned above, patients with
KD have systemic vasculitis because inflammation occurs in medium-sized muscular arteries throughout the body.22,23

Thus, patients with KD are considered to be at an increased risk of general atherosclerosis.33,34 Although vessel lesions
caused by KD are observed at various sites throughout the body, such as the aorta, brachial artery, and renal artery,22,35

investigations of the association between atherosclerosis and KD are still controversial.
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Atherosclerosis
Atherosclerosis and KD
The relationship between the atherosclerotic lesions in large elastic arteries and the development of myocardial infarction
in adult patients has long been established,36 and increased aortic stiffness has been reported to be associated with
coronary atherosclerosis.37 Given the noted association between atherosclerosis of elastic arteries and coronary artery
lesions, it is easy to understand that patients with a history of KD, who develop CAL, are at risk for developing
atherosclerosis. On the other hand, because patients without CAL are not at risk for early onset of atherosclerosis, most
physicians have not conducted long-term follow-up. Although there is insufficient evidence for the early progression of
atherosclerosis in patients with a history of the development of CAL, as described above, possible pathophysiologic
conditions that promote atherosclerosis are thought to exist in KD.

Endothelial Dysfunction
In the etiopathogenesis, atherosclerosis is an inflammatory disorder. Bioactive substances such as platelet-derived growth
factor are released into the vessel wall in response to endothelial cell damage, forming the initial lesion of
atherosclerosis.32 In the normal vascular wall, endothelial cells that act as barriers for the sub-endothelium are in direct
contact with plasma and blood cell components, and transmit these signals to the tunica media. Specifically, endothelial
cells release several vasoactive substances, such as nitric oxide (NO) and endothelin, and are involved in vascular wall
contraction or relaxation, adhesion of inflammatory cells to the vascular wall, vascular permeability, and regulation of
coagulation and fibrinolytic systems.

NO, a vasodilator synthesized by endothelial NO synthase (eNOS) and inducible NO synthase (iNOS), has diverse
roles in the pathophysiology of cardiovascular system. Neutrophils, monocytes, and endothelial cells express iNOS at
different stages of acute KD. Expression of iNOS in neutrophils is restricted to the very early stage, suggesting that NO
synthesized by iNOS in neutrophils has an important role in triggering early endothelial dysfunction in acute KD.38

Oxidative stresses, such as reactive oxygen species (ROS), free radicals derived from ROS, and lipid peroxide, play
an important role in the pathology of inflammation-based KD by damaging endothelial cells, followed by decreased NO
production and inflammation in the vascular wall.39 In KD patients with CAL, oxidative stress was increased as
compared to KD patients without CAL or normal control, and was associated with carotid intima-media thickening
and stiffening.40 The effect of oxidative stress on the wall of the vessels may remain for a long time and contribute to the
development of atherosclerosis.39

Non-Invasive Assessment of Vascular Dysfunction
Percentage Change in Flow-Mediated Dilatation: %FMD
Percentage change in flow-mediated dilatation (%FMD) reflects endothelial nitric oxide-dependent vasodilatation.
Decreased %FMD reflects endothelial cell dysfunction, and a significant decrease in %FMD is a common feature in
adult atherosclerosis.41 In patients with KD, %FMD has also been reported for the purpose of assessing vascular
endothelial damage. Some meta-analyses reported that %FMD was lower in the KD group than in the control group,
indicating endothelial damage and risk of atherosclerosis.42–44 However, a closer look at individual reports reveals that
the findings of %FMD in patients with KD are still controversial. Several previous studies have reported that %FMD was
significantly lower in patients with a history of KD than in control subjects, showing systemic endothelial dysfunction
late after KD onset.45–48 In addition, some studies have shown lower %FMD, especially in the KD patients with CAL,
who were divided into three groups: KD patients with CAL, KD patients without CAL, and control.49–52 Interestingly, in
children with CAL late after KD, there is increased high-sensitivity C-reactive protein in addition to reduced %FMD,
indicating the presence of ongoing chronic vascular inflammation and endothelial dysfunction in these patients.46 On the
other hand, studies have reported that systemic endothelial dysfunction detected by %FMD was not present in KD
patients, although they did not assess separately the KD patients with and without CAL.53–55 Additional long-term
studies are required to assess the effect of KD on vascular health.
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Nitroglycerine Mediated Dilatation: %NMD
In addition to %FMD which assesses vascular endothelial damage and the progression of atherosclerosis, nitroglycerin-
induced endothelium-independent vasodilatory response (%NMD) has been used to assess the function of the vascular
smooth muscle itself. Some studies assessed %NMD in patients with a history of KD; however, none of the studies found
a significant difference between patients after KD and controls even when looking at patients with CAL.45,47,54

Peripheral Artery Tonometry
To evaluate endothelial dysfunction, reactive hyperemia peripheral arterial tonometry (RH-PAT), a non-invasive, auto-
matic, quantitative, and reproducible method, is conducted by measuring changes in the digital pulse volume during
reactive hyperemia.56,57 Briefly, we can assess the pulse amplitude in the fingertip at rest, using a PAT device that is placed
on the index finger of each hand. In the RH-PAT, the NO-dependent vasodilation rate in response to shear stress is calculated
by dividing the ratio of the post-deflation pulse amplitude by the baseline pulse amplitude. Because this result on only one
side would be affected by vasoconstriction due to sympathetic excitation, the PAT ratio, divided the dilatation rate of the test
hand by that, on the other hand, as a control, is obtained to minimize the effect of the sympathetic nervous system.

There are a few reports on the evaluation of vascular endothelial function using RH-PAT in patients with KD. Studies
of children and young adult patients with a history of KD showed no difference in PAT ratio between KD patients and
controls, providing reassurance regarding peripheral vascular health in this population.58,59 On the other hand, another
study found a significantly lower PAT ratio in KD patients without CAL, as compared to healthy controls, although it was
a small sample size.60

Pulse Wave Velocity: PWV
Noninvasive evaluations of vascular elasticity have also been well documented. Pulse wave velocity (PWV) is one of the
representative parameters for evaluating arterial stiffness.61 The PWV can be measured from various arterial sites: the
pressure waveforms are usually obtained percutaneously in the common carotid and femoral arteries. The distance
covered by the waves was assimilated into the surface distance between the two recording sites, and the time delay
measured between the feet of the two waveforms was estimated. Specifically, PWV is calculated as the ratio of the
distance to the time delay.62 Several methods have been developed to measure PWV, such as aortic PWV, brachial-radial
PWV, and brachial-ankle PWV. In general, aortic PWV is measured as biophysical properties of the aorta using
ultrasonography and two studies showed increased aortic PWV in KD patients.63,64 There have been five reports on
the measurement of brachial-radial PWV in patients with KD history, showing a significant increase in arterial stiffness in
the KD group compared with the control group, regardless of whether the patients had CAL or not.65–69 Two studies
measured brachial-ankle PWV and showed increased PWV in KD group.50,70 One of these studies revealed that vascular
stiffness was increased in male KD patients but not in female patients, suggesting that KD-induced vasculitis is sex-
dependent.50

Aortic PWV is a known predictor of cardiovascular events.71 In contrast, although we can find studies showing a
significant correlation between brachial-ankle PWV and cardiovascular events or risk factors, their sample size does not
seem to be large enough. No large prognostic studies looking at the association between brachial-radial PWV, which is
less common in use, and cardiovascular events have been performed.44 Therefore, we should be careful when interpreting
the results of PWV.

Cardio-Ankle Vascular Index: CAVI
Cardio-ankle vascular index (CAVI) is also a representative parameter for evaluating arterial stiffness. The stiffness parameter β
represents the local stiffness of a blood vessel that depends on the change in vascular diameter, corresponding to arterial pressure
variance and is independent of blood pressure. CAVIwas developed to evaluate the properties of the whole artery, and essentially
represents the stiffness of the aorta, femoral artery, and tibial artery.72 CAVI is obtained by calculating the stiffness parameter β,
which indicates the intrinsic stiffness of blood vessels, independent of blood pressure, using the equation of velocity and volume
modulus (Bramwell-Hill’s formula).73 Therefore, CAVI is also theoretically independent of blood pressure. The formula for
measuring this index is CAVI = a{(2ρ/ΔP) × ln(Ps/Pd)PWV2} + b, where Ps and Pd are the systolic and diastolic blood pressures,

https://doi.org/10.2147/VHRM.S291762

DovePress

Vascular Health and Risk Management 2022:18410

Seki and Minami Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


respectively, PWV is the pulse wave velocity between the heart and ankle, ΔP is Ps − Pd, ρ is blood density, and a and b are
constants.72 A study reported that there was no significant difference between KD group without CAL and control group. CAVI
assessed more central vascular stiffness and did not differ from controls.74 We have conducted a similar study, but there was no
significant difference in CAVI between the control and KD groups with CAL. The CAVI assesses more central vascular stiffness
than PVW; therefore, it is speculated that injury to the great vessel may be mild or absent in KD vasculitis. Although some
studies, for instance %FMD or PWV, have suggested a risk of atherosclerosis in patients with a history of KD, CAVI, which is a
parameter unaffected by blood pressure, they did not demonstrate increased arterial stiffness. CAVI is a relatively new parameter;
therefore, further studies are expected to elucidate vascular function in patients with a history of KD.

Carotid Intima-Media Thickness: CIMT
Carotid intima-media thickness (cIMT) is measured by ultrasonography and a validated parameter of cardiovascular risk. A
review showed that a hazard ratio of 1.15 for myocardial infarction and 1.18 for stroke with every 0.1 mm increase in cIMT.75

Although cIMT is validated, it is important to realize that 0.5 mm is measured using a device with an axial resolution of around
0.04–0.05 mm, implicating a large standard deviation by default, hence not suitable for research in small groups.44

Based on the results of meta-analysis, a total of 15 studies reported on cIMT in patients after KD. Seven studies
reported a significantly increased cIMT, seven studies showed no significant difference, and one study showed a
decreased cIMT as compared to controls. However, 13 out of the 15 studies measuring cIMT included less than 50
participants per group, therefore we should be careful in our interpretation of the results.44

Summary
As mentioned above, many studies using various parameters have suggested a risk of atherosclerosis in patients with a
history of KD. However, few studies have reported no significant differences between KD patients and controls.
Therefore, it will be necessary to understand the characteristics of each parameter well before evaluating the results of
those studies. In addition, most previous reports have examined pediatric or young adult patients with a history of KD,
and there are no reports of an increased incidence of atherosclerotic lesions in adult patients with KD. More than half a
century has passed since KD was first reported, and it is expected that the accumulated knowledge of its long-term
prognosis will be helpful in the future.

Acute Therapy for KD
Successful management of the acute phase of KD is important for the prevention of CAL. IVIG is a standard therapy for
acute KD. The incidence of CAL was reported in 23% to 43% of patients treated with aspirin, as compared to 8% to 15%
of patients treated with IVIG plus aspirin, for four consecutive days.76,77 In addition, the single infusion of 2 g/kg of
IVIG, which is the current standard regimen, reduced the incidence of CAL to 4.6%.78 A systematic review by the
Cochrane Collaboration states that CAL development can be reduced by a single dose of 2 g/kg IVIG given before the
tenth day after the onset of KD.79

Patients with IVIG-resistant KD are at an increased risk of developing CAL compared with IVIG responders.
Approximately 10–18% of KD patients were reported to be unresponsive to IVIG therapy.80–82 A report from China
showed that the incidence of CAL in IVIG non-responders was significantly higher than that in IVIG responders (31.3%
vs 17.6%), although the incidence could not be known exactly because IVIG non-responders usually underwent
additional treatment.83 Effective treatment to prevent CAL may not only reduce the risk of subsequent coronary arterial
complications but also prevent the development of atherosclerotic lesions in systemic vessels. The course of KD
vasculitis is thought to be synchronous throughout the body.22 In particular, systemic arterial aneurysms in KD patients
are usually associated with giant coronary arterial aneurysm, therefore, choosing the right treatment at the right time is
critical. In Japan, several risk-scoring systems for predicting IVIG non-responders before initial treatment have been
reported and are widely used in clinical practice.84–86 For high-risk patients, refractory to IVIG, administration of
prednisolone or cyclosporine is added to standard treatment (IVIG plus aspirin) as first-line therapy, and its efficacy has
already been proven by randomized control trials.15,22 Unfortunately, several reports from other countries revealed that
these risk-scoring systems are inadaptable to the prediction of IVIG non-responders in regions other than Japan.87,88 In
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either case, the goal of the treatment in the acute phase of KD is to suppress vascular inflammation, as soon as possible
within the first nine to ten days of the illness, to minimize the damage to the coronary artery wall. It is desirable to
develop risk-scoring systems that can be used globally, or an original scoring system that can be adapted to each region
for the suppression of KD vasculitis.

Patients who do not respond to first-line or second-line treatment should be treated with additional treatments, such as
infliximab or plasma exchange, in addition to prednisolone and cyclosporine, without delay. Although these strategies
have improved the prognosis of coronary arteries, the occurrence of giant coronary aneurysms is still observed, and
further treatment development is desirable.

Management After Acute Therapy
After recovery from acute KD, antiplatelet therapy for a couple of months is recommended, such as 3–5 mg/kg of aspirin
because platelet count and coagulation activity increase for 2–3 months after the onset of KD.89 Aspirin should be used
with caution due to allergic eruptions or liver dysfunction. Patients without CAL require no additional medical therapy
after the acute phase, with no restrictions on daily life or exercise.

In contrast, in KD patients with cardiovascular complications, it is important to manage ischemic heart disease to
improve symptoms and prevent cardiac events. As mentioned above, in patients with CAL, aspirin and other antiplatelet
agents are the mainstay of treatment, and anticoagulants are added mainly in cases of giant coronary artery aneurysms or
a history of previous myocardial infarction.5 Additionally, statins and angiotensin II receptor blocker/angiotensin
converting enzyme inhibitors have been suggested to be useful for vascular health.

Statins have been reported to have multifaceted pharmacological effects, such as anti-inflammatory, antioxidant,
anticoagulant, and thrombolytic effects, as well as a decrease in serum cholesterol levels.90,91 Additionally, statins are
expected to be effective in improving vascular endothelial function. In fact, it has been reported that patients with KD
treated with statins show a decrease in high-sensitivity C-reactive protein and an increase in %FMD, although this study
included a small number of cases.46 In a statement from the American Heart Association, KD patients with CAL need to
be treated prophylactically.5

Critical stenotic lesions are often observed at the proximal and distal ends of aneurysms or in multiple coronary
aneurysms. These findings are due to thickening of the vessel wall by vascular remodeling, due to the action of the renin–
angiotensin system. Patients with CAL are likely to have systemic vascular damage; therefore, these treatments are
recommended for the prevention of atherosclerosis from the perspective of vascular health.

Patients with KD who develop myocardial ischemia or myocardial infarction due to CAL require percutaneous coronary
intervention or coronary artery bypass grafting. Coronary revascularization is required in less than 1% of patients with a
history of KD.92,93 However, CAL caused by KD vasculitis are different from atherosclerotic lesions; therefore, careful
attention should be paid to aneurysms or calcified lesions. For patients with KD and CAL, regular monitoring with exercise
myocardial scintigraphy, contrast-enhanced computed tomography, or cardiac magnetic resonance imaging is necessary.

Conclusion
Although the etiology of KD remains unknown, effective acute-phase treatments are being developed, and the pathogen-
esis of vascular complications and long-term prognosis after systemic vasculitis are being elucidated. Many studies using
various parameters have suggested a risk of atherosclerosis in patients with a history of KD. On the other hand, a few
studies have reported no significant differences between KD patients and controls. Therefore, it will be necessary to
understand the characteristics of each parameter thoroughly before evaluating the results of those studies. In addition,
most previous reports have examined pediatric or young adult patients with a history of KD; therefore, it is important to
consider the long-term prognosis for vascular health in these populations. Further studies and appropriate management
based on these studies are needed in the future.

Abbreviations
KD, Kawasaki disease; CAL, coronary artery lesion; IVIG, intravenous immunoglobulin; FMD, flow-mediated dilata-
tion; PWV, pulse wave velocity; CAVI, cardio-ankle vascular index.
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