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 1 

Abstract 2 

Kawasaki disease (KD) is an acute, systemic vasculitis of childhood and confers a 25% risk of developing 3 

coronary artery aneurysms (CAA). Its aetiology is unknown, but the incidence is increasing rapidly with linked 4 

gene polymorphisms having been identified. A constellation of symptoms, epidemics and seasonality all 5 

implicate an unidentified infective or environmental cause. Intravenous immunoglobulin therapy (IVIG), aspirin 6 

and steroids all form the mainstay of acute treatment and reduces the incidence of CAA if given before 7 days. 7 

However, in some, these lesions persist and require ongoing management during follow up during childhood and 8 

into adult life. Evidence for further investigations in order to minimise complications is presented in order to 9 

minimise the myofibroblast proliferation and stenosis in the long term.  10 

 11 

Keywords 12 

Kawasaki disease, vasculitis, coronary artery, aneurysms. 13 

  14 
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 15 

Background 16 

Kawasaki disease (KD) is an acute, systemic vasculitis of medium-sized, primarily muscular arteries that typically 17 

affects children and is generally self-limiting in nature(1). The incidence of KD highest in children under five 18 

years, 85% of all diagnoses are made in this demographic, but can affect any age (2). It affects boys more than 19 

girls, at a ratio of approximately 1.6:1 (3). The major complication is the development of coronary artery 20 

aneurysms CAA; a potentially life-threatening condition. Consequently, there is a higher risk of myocardial 21 

infarction, aneurysm rupture, coronary artery thrombus formation and sudden cardiac death.  22 

 23 

The diagnostic criteria of complete KD are the presence of a fever lasting five days or more and at least four of 24 

the following five criteria: 25 

 26 

• bilateral, painless, non-exudative conjunctivitis 27 

• cervical lymphadenopathy; generally larger than 1.5 cm and commonly unilateral 28 

• polymorphous exanthema  29 

• changes in lip or oral mucosa: commonly present as red, cracked lips; ‘strawberry tongue’ which is 30 

seen as glossitis with hyperplastic fungiform papillae or generalised diffuse erythema or the oropharynx 31 

• changes of the extremities, particularly erythema and oedema of the palms and soles of the feet; this 32 

can progress later to desquamation of the skin 33 

 34 

Incomplete KD may be seen with only 3 of the criteria in addition to fever; detection of coronary artery dilatation 35 

or aneurysm on echocardiography requires only a fever and two of the criteria are to make a diagnosis of 36 

atypical Kawasaki disease.  37 

 38 

In developed countries, Kawasaki disease has overtaken rheumatic fever as the leading cause of acquired heart 39 

disease in children (4). Rates of Kawasaki disease have steadily increased (5). In addition, while there is a 40 

prevalence of Kawasaki disease in every country, Japan has the highest incidence of this condition and it is still 41 

rising (6, 7). 42 
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 43 

The signs and symptoms of this condition develop over approximately 10 days and, in most cases, seemingly 44 

resolve spontaneously. However, this condition causes coronary artery aneurysms in up to 25% of children if left 45 

untreated: this is a statistic taken from the era of pre-intravenous immunoglobulin therapy, which is the mainstay 46 

treatment of Kawasaki disease today (8). Current data has shown a regression of coronary artery aneurysms in 47 

up to 75% of cases treated with IVIG(9), with approximately 3–6% of patients developing coronary artery 48 

aneurysms despite treatment (10, 11). 1% of patients develop giant coronary artery aneurysms, which carry the 49 

worst clinical prognosis.  50 

 51 

There is also a subset of KD patients who fail to respond to IVIG; arguably demonstrating a more aggressive 52 

disease progression. The Kobayashi score uses laboratory findings and is routinely used in Japan to predict 53 

those with IVIG resistance, thus ensuring that second-line treatment is delivered promptly. However, this score 54 

did not predict response reliably in the US or the UK. Genetic variations between populations may lead to 55 

different laboratory results and therefore calculations may be unable to accurately predict IVIG resistance.  56 

 57 

As a mechanism for the disease process remains unknown, no laboratory finding is pathognomonic for Kawasaki 58 

disease. Identification of KD is therefore dependent on clinical acumen alone. The constellation of symptoms is 59 

non-specific and is seen in other viral illnesses, which could delay prompt recognition and administration of 60 

treatment. Effective steps towards prevention are not feasible either and treatment options for the cardiac 61 

complications include invasive procedures such as angioplasties, stent placement and coronary-bypass 62 

surgeries (12). These reasons outline why Kawasaki disease is a paediatric research priority.  63 

 64 

 65 

Aetiology 66 

 67 

The aetiology of Kawasaki disease is poorly understood and several different theories have been proposed. 68 

Current evidence suggests the interaction of an unknown infective cause(s) (13) and a genetic predisposition are 69 
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needed to develop KD. To what degree these factors influence KD, and if one is stronger than the other, has not 70 

been formally elucidated.  71 

 72 

It is, however, possible to argue that genetic factors have an important role in KD(14).  Such genome wide 73 

association studies have suggested that the polymorphism of the IgG receptor may have a part to play in the 74 

susceptibility of children to KD and to the coronary artery aneurysms(15). The rates of Kawasaki disease are 75 

significantly higher in East Asian populations: particularly Japan, which has the highest incidence of Kawasaki 76 

disease in the world, at 264 per 100,000 children under 5 years (16). This is followed by Korea and Taiwan, 77 

where rates are 134 and 66 respectively; the higher rates in these East Asian countries suggests some genetic 78 

or environmental link. It could be argued that Kawasaki disease-associated pathogens (as yet undetermined) 79 

show a degree of endemicity, or that the lifestyle followed in these three countries exposes children to the 80 

pathogens, rather than any genetic bias conferring increased susceptibility. However, population studies in the 81 

US show otherwise. The Japanese-American population that resides in Hawaii, USA has an incidence of 210 per 82 

100,000, whereas the rate in Caucasian American children living in the same state is 13/100,000 (17). The 83 

incidence in the Japanese-American population is approximately sixteen times greater than the Caucasian 84 

population in the same environment, which could imply that the development of Kawasaki disease is dependent 85 

on genetic factors and pathogen exposure (18). 86 

 87 

Epidemiologically, the pattern of incidence suggests an infective cause. There have been three major nationwide 88 

epidemics of Kawasaki disease in Japan, all demonstrating origination in a specific area and countrywide spread 89 

over a 3-month period; similar to an epidemic (19). The acute, self-limiting nature of KD is another hallmark of 90 

viral disease. Since the identification of Kawasaki disease, a multitude of different pathogens have been 91 

investigated; these range from the bacterial (Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas 92 

aeruginosa), to viral (herpesvirus, adenovirus and the Epstein-Barr virus) (20). 10% of patients with complete 93 

Kawasaki disease have been shown to have low-level viral titres of human adenovirus present. The authors 94 

concluded that this presented some link between infection with human adenovirus and the onset of Kawasaki 95 

disease(21) but this has not yet been upheld as a definitive cause.  96 

    97 
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However, it is important to note that titres of human adenovirus can persist years after the onset of the initial 98 

infection (22), and that this this virus is particularly common in children: i.e. the 10% with detectable titres may 99 

have had the infection before, leading to the detectable viral load count. In addition, this study remarked that the 100 

sensitivity of their PCR quantification was high, but did not offer any way in which they could draw a discrepancy 101 

between viral load due to current infection or previous, and therefore unrelated, infection. Indeed, many papers 102 

have hypothesised different infective triggers; herpesvirus (20) is another example. The constellation of 103 

symptoms commonly seen in Kawasaki disease (fever, rash, irritability) are also seen in infection with 104 

adenoviruses and herpes viruses. Similar haematological abnormalities have also been observed, such as 105 

neutrophilia and high erythrocyte sedimentation rates (23). However, unlike the other two viruses mentioned, 106 

there is no evidence of human-to-human transmission in Kawasaki disease. Although this may appear to 107 

contradict with the earlier assertion of nationwide epidemics in Japan as these three events were comparable to 108 

viral outbreaks in their spread, epicentre, and seasonal timing, there was no evidence of human-to-human 109 

transmission found.  110 

 111 

Peaks in occurrence appear to be dictated by the seasons, similar to what is seen in the pattern of viral infection 112 

(24). However, these peaks have a different seasonality across the world: while Japan, mainland US, Canada 113 

and the UK have all shown peaks during the winter months (25, 26) (27), in Hawaii however there was no 114 

seasonality at all, whereas China had its lowest incidence during the winter, and highest in the spring.  115 

 116 

Peak incidence is in children between 18 and 24 months of age, with diagnoses of Kawasaki disease being 117 

made in children less than 3 months old being uncommon. This suggests that a child may have some protection 118 

from developing this disease until a certain age, implicating a role for transplacental antibodies. These antibodies 119 

play a powerful role in fighting bacterial infections, as demonstrated by children with congenital 120 

agammaglobuliunaemia (28) who commonly only begin to present with bacterial infections at 6 to 9 months (29); 121 

the onset of these bacterial infections do not generally coincide with the cessation of breast-feeding, implying 122 

that it is the antibodies transferred across the placental barrier that are responsible for this protective effect and 123 

not those found in the mother’s breast milk. In addition, the effects of immunity conferred in utero tend to diminish 124 
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within the first 3 months of life; further suggesting the role of transplacental antibodies. This pattern further 125 

suggests an infective cause being a trigger in developing Kawasaki disease. 126 

 127 

By contrast, the rarity of Kawasaki disease after 5 years of age (30) implies that a matured immune system may 128 

be more adept at mounting an appropriate immune response: again, suggesting an infective cause. In addition, 129 

the greater incidence in boys supports this hypothesis as many infectious disease present more commonly in 130 

males than females (31). Furthermore, recurrence rates are low (at 3-4%), once again implying that the body is 131 

able to mount an immune response which prevents future cases (3). 132 

 133 

Genetics  134 

 135 

There is a greater risk of developing Kawasaki disease if there is an affected sibling or parent, implying a genetic 136 

role in the development of this disease (32). However, it is also important to note potential limitations of such 137 

data. (32). In this study, the number of patients affected with Kawasaki disease increased. The number of 138 

parents that had been diagnosed with KD in their childhood also increased. This trend displayed evidence of a 139 

genetic link between developing this condition. However, it is important to note that this study was carried out 140 

over a period of ten years from 1999 to 2008 and the increased proportion of affected patients reported every 141 

year may be due to an increased awareness of the condition amongst medical professionals, and therefore a 142 

greater rate of diagnosis, rather than an actual greater rate of prevalence.  143 

 144 

In an attempt to understand the pathophysiology of Kawasaki disease, large genome studies have been 145 

conducted in populations where prevalence is high. Certain common single nucleotide polymorphisms have been 146 

observed in specific genes in individuals affected by KD. It is possible that these confer some level of genetic 147 

susceptibility in developing this condition. A functional polymorphism was identified that exceeded the formal 148 

threshold for genome-wide significance in the IgG receptor gene (FCGR2A) (15). Functional polymorphisms of 149 

this IgG receptor gene influence the phenotype of the individual by stratifying their responses to IgG as ‘strong’ 150 

or ‘weak.’ The particular single nucleotide polymorphism (SNP) that was identified had been shown to confer an 151 

increased risk of developing ulcerative colitis (33) in a Japanese population. This same SNP was shown to 152 

Page 6 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology



For Review
 O

nly

Kawasaki Disease- coronary artery aneurysms 

confer a decreased risk in developing systemic lupus erythematosus (34) in a European population. The 153 

involvement of this SNP in two autoimmune conditions suggests a dysfunctional immune response being 154 

fundamental in the development of Kawasaki disease in individuals. The role of an IgG-mediated immune 155 

response in the pathogenesis is also supported by IVIG being a mainstay of treatment, which will be discussed 156 

later in further detail.   157 

 158 

Genomic studies showed three SNPs in a sodium-calcium transporter gene being validated for a significantly 159 

associated pathway (35). In KD patients, the carriers of homozygous ‘risk’ alleles of the SLC8A1 gene have been 160 

shown to be at a greater risk of developing coronary artery aneurysms; the protein (NCX1) encoded was 161 

expressed in the inflammatory cells of the aneurysm wall. Altered calcium signalling appears to increase the risk 162 

of cardiac complications, implying a more aggressive course of disease. In addition, polymorphisms of IPTKC, a 163 

negative regulator of T-cell activations, have been associated with KD patients, and especially in those with 164 

coronary artery lesions (36).  This is a Ca2+/NFAT signalling pathway. Impaired calcium signalling suggests a 165 

more severe disease progression, as the functional polymorphism of IPTKC was strongly associated with 166 

patients who developed cardiac sequelae.  167 

 168 

Calcineurin inhibitors have been shown to treat KD in IVIG-resistant patients (37): this suggests that impaired 169 

calcium signalling confers an increased risk of developing complications and its role should be further 170 

researched. 171 

 172 

Up to 20% of KD patients fail to defervesce within 36 hours of IVIG therapy. It implies a more aggressive course 173 

of disease and longer period spent in acute inflammation, resulting in a greater likelihood of developing coronary 174 

artery aneurysm. The identification of these patients earlier could therefore improve clinical outcome, and so the 175 

Kobayashi score (38) was developed to predict patient response. It uses 7 laboratory and clinical findings to 176 

predict the unresponsiveness in KD patients to IVIG therapy. It has been used with positive results in the 177 

Japanese population; however, when used in the US and UK (39, 40), it failed to reliably predict IVIG 178 

responsiveness. Despite removal of patients with incomplete Kawasaki disease in the model, the Kobayashi 179 
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score still failed to reliably predict IVIG response in a UK population. This suggests that the pattern of disease 180 

may differ according to ethnicity.  181 

 182 

Pathophysiology 183 

 184 

Although a specific infectious trigger has not yet been noted, the pathophysiology of this condition has been 185 

closely studied. Vasculitis has been observed in the cardiovascular, gastrointestinal, respiratory, integumentary, 186 

dermatological, urinary and nervous system(41); however, the most clinically significant is the vasculitis of 187 

coronary arteries, leading to coronary artery aneurysms. This is because it has resulted in myocardial infarction, 188 

ischaemic heart disease and sudden cardiac death in patients (42).  189 

 190 

The progression of acute Kawasaki disease can be split into separate stages according to the number of days 191 

from the initial onset. Stage I (0-9 days after onset) is characterised by inflammation of the adventitia (also known 192 

as perivasculitis); stage II (12-25 days) often shows vasculitis of medium-sized, muscular arteries; stage III (28-193 

31 days) is where pan-vasculitis is most prominent, and where arterial aneurysm development is commonly 194 

observed (3).  195 

 196 

Analysis of tissue, blood and arterial walls has provided insight into the mechanism of disease progression. 197 

Tissue infiltration of lymphocytes, macrophages, plasma cells and large mononuclear cells demonstrates that 198 

there is an acute inflammatory response (43) and despite elevated levels of neutrophils in the blood (44) the lack 199 

of neutrophil invasion shows that these cells are not the chief mediator. While physiological levels of CD4 200 

lymphocytes outnumber CD8, there was a 4–5 fold increase reported in CD8 lymphocytes in the arterial wall as 201 

compared to CD4. This is consistent with findings that are seen in the presence of an intracellular pathogen (45), 202 

thus providing evidence for a ubiquitous agent involved in the pathogenesis of Kawasaki disease. There was no 203 

significant change reported in the number of circulating CD8 lymphocytes in the acute stage, which indicates that 204 

the disease process actively recruits these lymphocytes into the arteries.  205 

 206 
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An elevated IgA plasma cell proliferation (46) – greater than IgG and IgM – is seen in the arterial wall: this is 207 

unusual as IgA domination is seen in mucosal or lymphoid structures rather than vascular structures. This 208 

appears to suggest a stimulation of the immune system, likely at a mucosal site, which led to a systemic 209 

conversion of B lymphocytes to IgA secreting plasma cells.  210 

 211 

A marked rise of IgA plasma cells appeared in the upper respiratory tract, pancreas, coronary arteries and 212 

kidneys of patients who had died of acute Kawasaki disease (47). This same study showed increased IgA 213 

plasma cell infiltration was also seen in children who had died of an acute respiratory tract infection; the similarity 214 

of these findings suggests the involvement of an infectious agent in Kawasaki disease. Studies have shown that 215 

the method by which IgA expansion is controlled is oligoclonal (46, 48), which suggests an infective cause. All 216 

synthetic antibodies that bound to acute KD tissues (48) detected antigen in all cytoplasmic inclusion bodies in 217 

acute KD affected ciliated bronchial epithelium. Inclusion bodies are pivotal in the pathophysiology and this 218 

finding is consistent with KD being caused by a microbial pathogen.  219 

 220 

However, it is important to note that all of these studies used samples collected from deceased patients whose 221 

death was attributed to Kawasaki disease complications. Whilst all these data show similar results, which 222 

increases confidence in the conclusions obtained, it is unclear to what extent these conclusions can be 223 

extrapolated to patients that are a) alive, but with coronary artery lesions, b) alive, and with no coronary artery 224 

lesions and c) alive, with regressed coronary artery lesions. Due to the relatively recent history of Kawasaki 225 

disease, there has been little research into the coronary artery status of those who have died of a non-Kawasaki 226 

disease related cause, and therefore this still remains unknown. It will be interesting to study those particular 227 

patients; however, cataloguing and recruiting these patients will pose logistical challenges.  228 

 229 

Treatment  230 

 231 

Current guidelines outlining treatment of acute KD include intravenous immunoglobulin therapy and high-dose 232 

aspirin. Although aetiology and a definitive summary of the pathophysiology remain to be elucidated, numerous 233 

prospective, controlled trials have shown the efficacy of this regime (11, 49, 50).  234 
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 235 

Intravenous immunoglobulin therapy in the treatment of KD has reduced rates of coronary artery aneurysm 236 

formation from 25% to 3-6% in affected patients; however, around 20% of patients show IVIG-resistance, which 237 

is qualified as a fever persisting 36 hours after IVIG was administered or a recrudescent fever (51, 52). C-238 

reactive protein levels persisting at >3 mg/L after 36 hours can also be a marker of IVIG-resistant disease.  239 

 240 

2g/kg as a single dose is constituted as optimum therapy, and has shown greater efficacy than divided low-doses 241 

(400 mg/kg/day) administered over several days. Meta-analysis concluded that both caused defervescence, but 242 

the higher, single dose provided better protection against the formation of coronary artery lesions (49, 50). The 243 

improvement of symptoms with IVIG and the association between a functional polymorphism in an IgG receptor 244 

gene demonstrate that IgG has some role in the pathophysiology. In addition, even in IVIG-resistant patients, the 245 

rash, swelling and erythema also associated with KD often improve (53). Reduced cytokine levels, decreased 246 

number of circulating T cells, macrophages and neutrophils, and increased number of natural killer cells have all 247 

been noted after IVIG treatment; however, how these changes are induced have not been described (53).  248 

 249 

The use of aspirin remains slightly more controversial: the use of salicylates is strongly contraindicated in most 250 

paediatric cases due to the risk of Reye’s syndrome (54, 55) and KD is one of the few conditions in childhood 251 

which is treated with aspirin. Although the duration of the characteristic fever appeared to be reduced by high-252 

dose aspirin therapy (56), there was no change noted in response to IVIG, resolution of inflammation, or 253 

incidence of coronary artery lesion (57, 58). After the febrile period, aspirin therapy is reduced from 30-50 254 

mg/kg/day to a low dose of 5mg/kg/day for 6 weeks and reassessed, depending on the presence or absence of 255 

any coronary artery abnormalities.  256 

 257 

IVIG-resistant therapy encompasses a second dose of IVIG at 2 g/kg, corticosteroids or both administered. Early 258 

analyses showed a positive association between corticosteroid therapy and increased coronary artery 259 

abnormalities. However, this finding has now been contributed to confounding, as in these retrospective studies 260 

the sicker patients were more likely to be given corticosteroids, and therefore more likely to develop lesions (59). 261 

The main indications for using adjunct corticosteroid therapy are: 262 
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 263 

1. Patients who are IVIG resistant, with a persisting or recrudescent fever after 36 hours from IVIG 264 

treatment onset 265 

2. Patients with features of very severe disease. In Japan, the Kobayashi score is used; however it has 266 

proven to be less accurate in other countries. Therefore, persistently high markers of cell injury and 267 

inflammation, such as raised CRP levels, liver dysfunction and anaemia are used 268 

3. Patients with pre-existing coronary artery and/or peripheral aneurysms 269 

 270 

Serum tumour necrosis factor-α (TNF-α) is elevated in KD patients, and in particular those who develop coronary 271 

artery aneurysms. Thus, anti TNF-α therapies such as infliximab are being investigated as alternative therapies; 272 

especially in patients unresponsive to IVIG. A 3-year-old patient, unresponsive to IVIG and methylprednisolone, 273 

defervesced in response to one dose of anti TNF-α (60). A retrospective study compared defervescence and 274 

length of hospital stay in IVIG-resistant patients treated with a second dose of IVIG and those treated with one 275 

dose of infliximab (61). Infliximab resulted in faster fever resolution and a shorter hospital stay. A recent 276 

randomised controlled trial (62) showed the same two results, with a greater response to infliximab (90.9%) than 277 

second-dose IVIG (65.6%). The size and power of these studies is limited, but demonstrates anti TNF-α as a 278 

potential therapeutic option.  279 

 280 

Calcineurin inhibitors (such as cyclosporin A) have been used in the treatment of refractory KD (63, 64); 281 

however, they should be used with caution as they can be toxic to the endothelium (65). The decision to 282 

prescribe these medications must therefore be made on a case-by-case basis.  283 

 284 

Coronary Artery Aneurysms 285 

Current studies suggest that 20- 24% of children, even if treated, will suffer from coronary artery aneurysms(27). 286 

The definition of an aneurysm can now be recorded as an indexed (z score) size of the coronary artery, based on 287 

the body surface area of the child (66). Coronary artery dilation is defined as z score +2 to 2.5, small aneurysms 288 

are with z score ≥ 2.5 but less than 5, moderate size CAA is seen in those with z score ≥ 5 but less than 10 and 289 

those who have giant CAA have a z score ≥10. We now know that it takes several years for many of these to 290 
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resolve, with reducing likelihood of complete resolution correlating with increasing size and complexity of 291 

coronary artery involvement (67). Recent AHA guidance details the long term outcome based on a severity 292 

scoring system, which may be opinion for the USA, but which has little evidence base there and uncertain 293 

relevance to the European or Asian population (68). We know that those children with giant CAA are those most 294 

likely to suffer from Major Adverse Coronary Events in the longer term, necessitating antiplatelet and anti-295 

coagulant medication and multiple and regular repeat imaging. 296 

For those children with just coronary dilation, or with no involvement at all, at the current time there is no 297 

evidence from the western world that these children are at risk. There is evidence from a variety of studies that 298 

the coronary arteries in this group may be abnormal in the long term in terms of coronary flow reserve (69) and 299 

endothelial-dependent brachial artery reactivity (70) but there is dispute about the presence or absence of 300 

coronary artery dysfunction (71) (72). No child, as far as we are aware, has been seen in the UK population, 301 

without having had CAA, who has then grown up to demonstrate premature coronary artery disease. Hence the 302 

recommendation is that these children can stop their aspirin and can be discharged from follow-up. The recent 303 

AHA guidelines concur with this, but it is clear that until we have five decades of follow-up in the UK population, 304 

we cannot be certain about the long-term outcome in this group. Since this group is 76% of the current UK 305 

incident population of children with KD (27), it will be important to revisit this in future years when we have longer 306 

term follow up.  307 

 308 

There is some evidence that those children who had small or medium CAA, in whom these resolved, should be 309 

followed up in the longer term (68, 73, 74). Our group have shown that they have circulating endothelial cells 310 

(75). This is in line with the American Heart Association Guidelines (76) (68) that suggest that there may be 311 

ongoing risk in these patients and advise ongoing imaging and dynamic myocardial and coronary flow studies. 312 

Long term outcome after even moderate aneurysms suggests that there may be coronary artery stenosis, only 313 

recognised by thallium scanning and not by stress testing (77). Hence there is recommendation that these 314 

children can either stop or continue their aspirin and could have long-term follow-up. In the UK, there is no 315 

evidence, yet, that these children are at risk of coronary events 316 

 317 
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The evidence that those children with persistent CAA may develop complications is now overwhelming. The risk 318 

of Major Adverse Coronary Event (MACE) increases with size, complexity and location of CAA (9) (68). In those 319 

with persisting CAA >4mm, there is a high risk of coronary artery endothelial thickening which might lead to 320 

complications of ischaemia, especially on exercise (78). In those with giant CAA (>8mm) or z>10, long-term 321 

outcome is poor, with 40% having MACE with myocardial infarction often leading to death.  322 

 323 

Kawasaki disease in Adulthood 324 

 325 

There has been no formal collection of data regarding the number of adult patients with a previous history of 326 

Kawasaki disease in the US or the UK. Estimations are that approximately 24,000 young adults (>18 years) in 327 

the US (42), with 8,400 of these patients classified at an AHA Risk level II or higher. Estimates for the UK have 328 

not yet been published but it appears that about 4% of young adults presenting with myocardial infarction have 329 

coronary angiograms indicative of previous KD (79). It is accepted that those patients who presented with giant 330 

aneurysms should undergo regular and routine follow up through adulthood. However, it is unclear what level of 331 

follow up treatment should be given to those with regressed aneurysms and those who presented with no 332 

coronary artery abnormalities. Prompt treatment with IVIG means that the majority of patients (76%) do not have 333 

these coronary artery lesions in the acute stage of KD. 334 

 335 

Due to the growing rate of diagnosis, cardiologists will be dealing with adult patients who have long-term 336 

sequelae from this condition. Although coronary artery aneurysms are the main complication, other 337 

cardiovascular abnormalities should also be investigated: myocarditis and valvulitis (80) has also been observed 338 

in KD patients. Myocardial fibrosis and aortic and mitral regurgitation can follow and lead to death.  339 

 340 

Studies in Japan showed that the standard mortality ratio (SMR) for young males with previous KD and cardiac 341 

sequelae was significantly higher than females with KD and age-matched population (81). This is one of few 342 

studies conducted that has investigated mortality rates in people with KD with no cardiac sequelae, and may 343 

indicate that patients with KD and no sequelae do not need routine follow-up. It suggests that paediatricians can 344 
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stop seeing these patients during childhood, as this demographic does not have a significantly greater risk of 345 

mortality.  346 

 347 

Childhood diagnosis of KD has been cited as a risk factor for accelerated coronary artery disease in adulthood 348 

(82) irrespective of lipid profile, suggesting that these patients should be followed up by cardiologists routinely. 349 

The only patients included in the test group for this study were patients with a historical KD diagnosis and cardiac 350 

sequelae: whether a KD diagnosis alone is a risk factor for accelerated atherosclerosis cannot be concluded. KD 351 

being a risk factor can be cited as a reason to follow up all patients in later life. However, as only those with 352 

coronary artery lesions were included in this study, it is not entirely possible to state that KD with no cardiac 353 

sequelae is also a risk factor.  354 

 355 

Autopsy results of those with KD who died after the acute stage (all individuals were >15 years old at the time of 356 

death) showed different histological results in non-aneurysm coronary arteries(83). There was increased ‘new’ 357 

intimal thickening of the non-affected arteries, along with previous thickening during the arteritis phase in acute 358 

KD. Although these arteries were declared non-affected, there were still histological changes that remained 359 

during the patient’s life, and can therefore not be excluded as a risk factor for atherosclerosis. The coronary 360 

arteries of a KD patient with no coronary artery lesion were compared to KD patients with the cardiac sequelae, 361 

and both showed platelet-derived growth factor (A) and inducible nitrate synthase in intimal smooth muscle cells 362 

(84). This was not seen in patients with no KD. Inflammatory markers were still present in this patient at 13 363 

months post diagnosis, with an apparently normal coronary artery, and therefore KD with no coronary artery 364 

lesions can still pose as a risk factor for atherosclerosis. Although these are the histological findings of only one 365 

patient, and the results cannot be extrapolated to all, autopsy reports of children with no cardiac sequelae are 366 

incredibly rare. Obtaining tissue from patients to investigate this poses a challenge in itself, and in light of the 367 

data available, it is better practice to regularly follow up KD patients: even those with no history of coronary artery 368 

aneurysms.  369 

 370 

Future perspective 371 

Page 14 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology



For Review
 O

nly

Kawasaki Disease- coronary artery aneurysms 

There are a variety of issues yet to be solved. First of all we need a certain marker for diagnosis and a known 372 

aetiology. Then we need to have better recognition and diagnosis with more effective acute treatment to reduce 373 

the incidence of coronary artery aneurysms. This would reduce long term complications and would be best 374 

accompanied by effective therapy at reducing myofibroblastic proliferation and hence the risk of major adverse 375 

coronary events.  376 

 377 

Executive summary 378 

In summary, therefore, we have described the presentation, treatment and long term management strategy for 379 

children and young adults with this increasingly common disease.  380 

 381 

Financial Disclosure 382 

Neither author has any financial disclosures relevant to this manuscript. No commercial involvement was 383 

connected to this study at any stage. Both authors contributed to the writing. 384 

 385 

 386 

References 387 

Uncategorized References 388 

1. Eleftheriou D, Levin M, Shingadia D, Tulloh R, Klein NJ, Brogan PA. Management of Kawasaki 389 

disease. Archives of disease in childhood. 2014;99(1):74-83. 390 

2. Pinna GS, Kafetzis DA, Tselkas OI, Skevaki CL. Kawasaki disease: an overview. Current opinion 391 

in infectious diseases. 2008;21(3):263-70. 392 

3. Burns JC, Kushner HI, Bastian JF, Shike H, Shimizu C, Matsubara T, et al. Kawasaki disease: A 393 

brief history. Pediatrics. 2000;106(2):E27. 394 

4. Daniels LB, Tjajadi MS, Walford HH, Jimenez-Fernandez S, Trofimenko V, Fick DB, et al. 395 

Prevalence of Kawasaki Disease in Young Adults with Suspected Myocardial Ischemia. Circulation. 396 

2012;125(20):2447-53. 397 

5. Singh S, Vignesh P, Burgner D. The epidemiology of Kawasaki disease: a global update. 398 

Archives of disease in childhood. 2015;100(11):1084-8. 399 

6. Nakamura Y, Yashiro M, Uehara R, Sadakane A, Tsuboi S, Aoyama Y, et al. Epidemiologic 400 

features of Kawasaki disease in Japan: results of the 2009-2010 nationwide survey. J Epidemiol. 401 

2012;22(3):216-21. 402 

7. Nakamura Y, Yashiro M, Uehara R, Oki I, Kayaba K, Yanagawa H. Increasing incidence of 403 

Kawasaki disease in Japan: nationwide survey. Pediatrics international : official journal of the Japan 404 

Pediatric Society. 2008;50(3):287-90. 405 

8. Kato H, Sugimura T, Akagi T, Sato N, Hashino K, Maeno Y, et al. Long-term consequences of 406 

Kawasaki disease. A 10- to 21-year follow-up study of 594 patients. Circulation. 1996;94(6):1379-85. 407 

Page 15 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology



For Review
 O

nly

Kawasaki Disease- coronary artery aneurysms 

9. Friedman KG, Gauvreau K, Hamaoka-Okamoto A, Tang A, Berry E, Tremoulet AH, et al. 408 

Coronary Artery Aneurysms in Kawasaki Disease: Risk Factors for Progressive Disease and Adverse 409 

Cardiac Events in the US Population. Journal of the American Heart Association. 2016;5(9). 410 

10. Ogata S, Tremoulet AH, Sato Y, Ueda K, Shimizu C, Sun X, et al. Coronary artery outcomes 411 

among children with Kawasaki disease in the United States and Japan. International journal of 412 

cardiology. 2013;168(4):3825-8. 413 

11. Newburger JW, Takahashi M, Burns JC, Beiser AS, Chung KJ, Duffy CE, et al. The treatment of 414 

Kawasaki syndrome with intravenous gamma globulin. The New England journal of medicine. 415 

1986;315(6):341-7. 416 

12. Akagi T, Ogawa S, Ino T, Iwasa M, Echigo S, Kishida K, et al. Catheter interventional 417 

treatment in Kawasaki disease: A report from the Japanese Pediatric Interventional Cardiology 418 

Investigation group. The Journal of pediatrics. 2000;137(2):181-6. 419 

13. Burns JC, Glode MP. Kawasaki syndrome. Lancet. 2004;364(9433):533-44. 420 

14. Khor CC, Davila S, Shimizu C, Sheng S, Matsubara T, Suzuki Y, et al. Genome-wide linkage and 421 

association mapping identify susceptibility alleles in ABCC4 for Kawasaki disease. Journal of medical 422 

genetics. 2011;48(7):467-72. 423 

15. Khor CC, Davila S, Breunis WB, Lee YC, Shimizu C, Wright VJ, et al. Genome-wide association 424 

study identifies FCGR2A as a susceptibility locus for Kawasaki disease. Nature genetics. 425 

2011;43(12):1241-6. 426 

16. Harnden A, Tulloh R, Burgner D. Kawasaki disease. Bmj. 2014;349:g5336. 427 

17. Uehara R, Belay ED. Epidemiology of Kawasaki Disease in Asia, Europe, and the United 428 

States.  J Epidemiol. 222012. p. 79-85. 429 

18. Rodo X, Curcoll R, Robinson M, Ballester J, Burns JC, Cayan DR, et al. Tropospheric winds 430 

from northeastern China carry the etiologic agent of Kawasaki disease from its source to Japan. 431 

Proceedings of the National Academy of Sciences of the United States of America. 432 

2014;111(22):7952-7. 433 

19. Yanagawa H, Nakamura Y, Ojima T, Yashiro M, Tanihara S, Oki I. Changes in epidemic 434 

patterns of Kawasaki disease in Japan. The Pediatric infectious disease journal. 1999;18(1):64-6. 435 

20. Shingadia D, Bose A, Booy R. Could a herpesvirus be the cause of Kawasaki disease? The 436 

Lancet infectious diseases. 2002;2(5):310-3. 437 

21. Jaggi P, Kajon AE, Mejias A, Ramilo O, Leber A. Human adenovirus infection in Kawasaki 438 

disease: a confounding bystander? Clinical infectious diseases : an official publication of the 439 

Infectious Diseases Society of America. 2013;56(1):58-64. 440 

22. Garnett CT, Erdman D, Xu W, Gooding LR. Prevalence and quantitation of species C 441 

adenovirus DNA in human mucosal lymphocytes. J Virol. 2002;76(21):10608-16. 442 

23. Larranaga C, Kajon A, Villagra E, Avendano LF. Adenovirus surveillance on children 443 

hospitalized for acute lower respiratory infections in Chile (1988-1996). J Med Virol. 2000;60(3):342-444 

6. 445 

24. Fisman D. Seasonality of viral infections: mechanisms and unknowns. Clin Microbiol Infect. 446 

2012;18(10):946-54. 447 

25. Park YW, Han JW, Hong YM, Ma JS, Cha SH, Kwon TC, et al. Epidemiological features of 448 

Kawasaki disease in Korea, 2006-2008. Pediatr Int. 2011;53(1):36-9. 449 

26. Huang WC, Huang LM, Chang IS, Chang LY, Chiang BL, Chen PJ, et al. Epidemiologic features 450 

of Kawasaki disease in Taiwan, 2003-2006. Pediatrics. 2009;123(3):e401-5. 451 

27. Tulloh RM, Ramanan A, Brogan P, Tizard EJ, Connolly GM, Harnden A, et al. Kawasaki 452 

disease. Results of the BPSU survey in UK and Ireland. Archives of disease in childhood. 453 

2016;101:suppl 1, A5. 454 

28. Winkelstein JA, Marino MC, Lederman HM, Jones SM, Sullivan K, Burks AW, et al. X-linked 455 

agammaglobulinemia: report on a United States registry of 201 patients. Medicine (Baltimore). 456 

2006;85(4):193-202. 457 

Page 16 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology



For Review
 O

nly

Kawasaki Disease- coronary artery aneurysms 

29. Gedalia A. Kawasaki disease: 40 years after the original report. Current rheumatology 458 

reports. 2007;9(4):336-41. 459 

30. Van Camp G, Deschamps P, Mestrez F, Levy J, Van Laethem Y, de Marneffe M, et al. Adult 460 

onset Kawasaki disease diagnosed by the echocardiographic demonstration of coronary aneurysms. 461 

European heart journal. 1995;16(8):1155-7. 462 

31. Green MS. The male predominance in the incidence of infectious diseases in children: a 463 

postulated explanation for disparities in the literature. Int J Epidemiol. 1992;21(2):381-6. 464 

32. Uehara R, Yashiro M, Nakamura Y, Yanagawa H. Parents with a history of Kawasaki disease 465 

whose child also had the same disease. Pediatrics international : official journal of the Japan 466 

Pediatric Society. 2011;53(4):511-4. 467 

33. Asano K, Matsushita T, Umeno J, Hosono N, Takahashi A, Kawaguchi T, et al. A genome-wide 468 

association study identifies three new susceptibility loci for ulcerative colitis in the Japanese 469 

population. Nat Genet. 2009;41(12):1325-9. 470 

34. Harley JB, Alarcon-Riquelme ME, Criswell LA, Jacob CO, Kimberly RP, Moser KL, et al. 471 

Genome-wide association scan in women with systemic lupus erythematosus identifies susceptibility 472 

variants in ITGAM, PXK, KIAA1542 and other loci. Nat Genet. 2008;40(2):204-10. 473 

35. Shimizu C, Eleftherohorinou H, Wright VJ, Kim J, Alphonse MP, Perry JC, et al. Genetic 474 

Variation in the SLC8A1 Calcium Signaling Pathway Is Associated With Susceptibility to Kawasaki 475 

Disease and Coronary Artery Abnormalities. Circ Cardiovasc Genet. 2016;9(6):559-68. 476 

36. Onouchi Y, Gunji T, Burns JC, Shimizu C, Newburger JW, Yashiro M, et al. ITPKC functional 477 

polymorphism associated with Kawasaki disease susceptibility and formation of coronary artery 478 

aneurysms. Nat Genet. 2008;40(1):35-42. 479 

37. Tremoulet AH. Calcineurin Inhibitor Treatment of Intravenous Immunoglobulin–Resistant 480 

Kawasaki Disease. 2012;161(3):506-12.e1. 481 

38. Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K, Tomomasa T, et al. Prediction of 482 

intravenous immunoglobulin unresponsiveness in patients with Kawasaki disease. Circulation. 483 

2006;113(22):2606-12. 484 

39. Sleeper LA, Minich LLA, McCrindle BM, Li JS, Mason W, Colan SD, et al. EVALUATION OF 485 

KAWASAKI DISEASE RISK SCORING SYSTEMS FOR INTRAVENOUS IMMUNOGLOBULIN RESISTANCE. J 486 

Pediatr. 2011;158(5):831-5.e3. 487 

40. Davies S, Sutton N, Blackstock S, Gormley S, Hoggart CJ, Levin M, et al. Predicting IVIG 488 

resistance in UK Kawasaki disease. Archives of disease in childhood. 2015;100(4):366-8. 489 

41. Takahashi K, Oharaseki T, Yokouchi Y. Update on etio and immunopathogenesis of Kawasaki 490 

disease. Current opinion in rheumatology. 2014;26(1):31-6. 491 

42. Gordon JB, Kahn AM, Burns JC. When children with Kawasaki disease grow up: Myocardial 492 

and vascular complications in adulthood. J Am Coll Cardiol. 2009;54(21):1911-20. 493 

43. Rowley AH, Baker SC, Orenstein JM, Shulman ST. Searching for the cause of Kawasaki 494 

disease--cytoplasmic inclusion bodies provide new insight. Nature reviews Microbiology. 495 

2008;6(5):394-401. 496 

44. Amano S, Hazama F, Kubagawa H, Tasaka K, Haebara H, Hamashima Y. General pathology of 497 

Kawasaki disease. On the morphological alterations corresponding to the clinical manifestations. 498 

Acta pathologica japonica. 1980;30(5):681-94. 499 

45. Brown TJ, Crawford SE, Cornwall ML, Garcia F, Shulman ST, Rowley AH. CD8 T lymphocytes 500 

and macrophages infiltrate coronary artery aneurysms in acute Kawasaki disease. The Journal of 501 

infectious diseases. 2001;184(7):940-3. 502 

46. Rowley AH, Shulman ST, Spike BT, Mask CA, Baker SC. Oligoclonal IgA response in the 503 

vascular wall in acute Kawasaki disease. Journal of immunology. 2001;166(2):1334-43. 504 

47. Rowley AH, Shulman ST, Mask CA, Finn LS, Terai M, Baker SC, et al. IgA plasma cell 505 

infiltration of proximal respiratory tract, pancreas, kidney, and coronary artery in acute Kawasaki 506 

disease. The Journal of infectious diseases. 2000;182(4):1183-91. 507 

Page 17 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology



For Review
 O

nly

Kawasaki Disease- coronary artery aneurysms 

48. Rowley AH, Shulman ST, Garcia FL, Guzman-Cottrill JA, Miura M, Lee HL, et al. Cloning the 508 

arterial IgA antibody response during acute Kawasaki disease. Journal of immunology. 509 

2005;175(12):8386-91. 510 

49. Newburger JW, Takahashi M, Beiser AS, Burns JC, Bastian J, Chung KJ, et al. A single 511 

intravenous infusion of gamma globulin as compared with four infusions in the treatment of acute 512 

Kawasaki syndrome. The New England journal of medicine. 1991;324(23):1633-9. 513 

50. Durongpisitkul K, Gururaj VJ, Park JM, Martin CF. The prevention of coronary artery 514 

aneurysm in Kawasaki disease: a meta-analysis on the efficacy of aspirin and immunoglobulin 515 

treatment. Pediatrics. 1995;96(6):1057-61. 516 

51. Hashino K, Ishii M, Iemura M, Akagi T, Kato H. Re-treatment for immune globulin-resistant 517 

Kawasaki disease: a comparative study of additional immune globulin and steroid pulse therapy. 518 

Pediatrics international : official journal of the Japan Pediatric Society. 2001;43(3):211-7. 519 

52. Wallace CA, French JW, Kahn SJ, Sherry DD. Initial intravenous gammaglobulin treatment 520 

failure in Kawasaki disease. Pediatrics. 2000;105(6):E78. 521 

53. Burns JC, Franco A. The immunomodulatory effects of intravenous immunoglobulin therapy 522 

in Kawasaki disease. Expert review of clinical immunology. 2015;11(7):819-25. 523 

54. Macdonald S. Aspirin use to be banned in under 16 year olds. Bmj. 2002;325(7371):988. 524 

55. Belay ED, Bresee JS, Holman RC, Khan AS, Shahriari A, Schonberger LB. Reye's syndrome in 525 

the United States from 1981 through 1997. N Engl J Med. 1999;340(18):1377-82. 526 

56. Lee G, Lee SE, Hong YM, Sohn S. Is high-dose aspirin necessary in the acute phase of 527 

kawasaki disease? Korean circulation journal. 2013;43(3):182-6. 528 

57. Akagi T, Kato H, Inoue O, Sato N. A study on the optimal dose of aspirin therapy in Kawasaki 529 

disease--clinical evaluation and arachidonic acid metabolism. The Kurume medical journal. 530 

1990;37(3):203-8. 531 

58. Terai M, Shulman ST. Prevalence of coronary artery abnormalities in Kawasaki disease is 532 

highly dependent on gamma globulin dose but independent of salicylate dose. The Journal of 533 

pediatrics. 1997;131(6):888-93. 534 

59. Kato H, Koike S, Yokoyama T. Kawasaki disease: effect of treatment on coronary artery 535 

involvement. Pediatrics. 1979;63(2):175-9. 536 

60. Weiss JE, Eberhard BA, Chowdhury D, Gottlieb BS. Infliximab as a novel therapy for 537 

refractory Kawasaki disease. The Journal of rheumatology. 2004;31(4):808-10. 538 

61. Son MB, Gauvreau K, Burns JC, Corinaldesi E, Tremoulet AH, Watson VE, et al. Infliximab for 539 

intravenous immunoglobulin resistance in Kawasaki disease: a retrospective study. The Journal of 540 

pediatrics. 2011;158(4):644-9 e1. 541 

62. Youn Y, Kim J, Hong YM, Sohn S. Infliximab as the First Retreatment in Patients with 542 

Kawasaki Disease Resistant to Initial Intravenous Immunoglobulin. The Pediatric infectious disease 543 

journal. 2016;35(4):457-9. 544 

63. Suzuki H, Terai M, Hamada H, Honda T, Suenaga T, Takeuchi T, et al. Cyclosporin A treatment 545 

for Kawasaki disease refractory to initial and additional intravenous immunoglobulin. The Pediatric 546 

infectious disease journal. 2011;30(10):871-6. 547 

64. Hamada H, Suzuki H, Abe J, Suzuki Y, Suenaga T, Takeuchi T, et al. Inflammatory cytokine 548 

profiles during Cyclosporin treatment for immunoglobulin-resistant Kawasaki disease. Cytokine. 549 

2012;60(3):681-5. 550 

65. Akman-Demir G, Ayranci O, Kurtuncu M, Vanli EN, Mutlu M, Tugal-Tutkun I. Cyclosporine for 551 

Behcet's uveitis: is it associated with an increased risk of neurological involvement? Clin Exp 552 

Rheumatol. 2008;26(4 Suppl 50):S84-90. 553 

66. McCrindle BW, Li JS, Minich LL, Colan SD, Atz AM, Takahashi M, et al. Coronary artery 554 

involvement in children with Kawasaki disease: risk factors from analysis of serial normalized 555 

measurements. Circulation. 2007;116(2):174-9. 556 

67. Hillary C JD, Khader Y, Tulloh R. How long does it take for coronary artery aneurysms to 557 

resolve after Kawasaki disease? Cardiology in the young. 2017;27(Supplement S2):S42. 558 

Page 18 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology



For Review
 O

nly

Kawasaki Disease- coronary artery aneurysms 

68. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz M, et al. Diagnosis, 559 

Treatment, and Long-Term Management of Kawasaki Disease: A Scientific Statement for Health 560 

Professionals From the American Heart Association. Circulation. 2017. 561 

69. Muzik O, Paridon SM, Singh TP, Morrow WR, Dayanikli F, Di Carli MF. Quantification of 562 

myocardial blood flow and flow reserve in children with a history of Kawasaki disease and normal 563 

coronary arteries using positron emission tomography. Journal of the American College of 564 

Cardiology. 1996;28(3):757-62. 565 

70. Dhillon R, Clarkson P, Donald AE, Powe AJ, Nash M, Novelli V, et al. Endothelial dysfunction 566 

late after Kawasaki disease. Circulation. 1996;94(9):2103-6. 567 

71. Mitani Y, Okuda Y, Shimpo H, Uchida F, Hamanaka K, Aoki K, et al. Impaired endothelial 568 

function in epicardial coronary arteries after Kawasaki disease. Circulation. 1997;96(2):454-61. 569 

72. Yamakawa R, Ishii M, Sugimura T, Akagi T, Eto G, Iemura M, et al. Coronary endothelial 570 

dysfunction after Kawasaki disease: evaluation by intracoronary injection of acetylcholine. Journal of 571 

the American College of Cardiology. 1998;31(5):1074-80. 572 

73. Iemura M, Ishii M, Sugimura T, Akagi T, Kato H. Long term consequences of regressed 573 

coronary aneurysms after Kawasaki disease: vascular wall morphology and function. Heart. 574 

2000;83(3):307-11. 575 

74. Dietz SM, Tacke CE, Kuipers IM, Wiegman A, de Winter RJ, Burns JC, et al. Cardiovascular 576 

imaging in children and adults following Kawasaki disease. Insights into imaging. 2015;6(6):697-705. 577 

75. Shah V, Christov G, Mukasa T, Brogan KS, Wade A, Eleftheriou D, et al. Cardiovascular status 578 

after Kawasaki disease in the UK. Heart. 2015;101(20):1646-55. 579 

76. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Burns JC, et al. Diagnosis, 580 

treatment, and long-term management of Kawasaki disease: a statement for health professionals 581 

from the Committee on Rheumatic Fever, Endocarditis and Kawasaki Disease, Council on 582 

Cardiovascular Disease in the Young, American Heart Association. Circulation. 2004;110(17):2747-71. 583 

77. Fukushige J, Takahashi N, Ueda K, Hijii T, Igarashi H, Ohshima A. Long-term outcome of 584 

coronary abnormalities in patients after Kawasaki disease. Pediatric cardiology. 1996;17(2):71-6. 585 

78. Tsuda E, Kamiya T, Kimura K, Ono Y, Echigo S. Coronary artery dilatation exceeding 4.0 mm 586 

during acute Kawasaki disease predicts a high probability of subsequent late intima-medial 587 

thickening. Pediatric cardiology. 2002;23(1):9-14. 588 

79. Waterhouse B, Tulloh RM, Johnson T. Prevalence of coronary artery aneurysms in patients 589 

under the age of 50 presenting with STEMI : evaluating the impact of untreated Kawasaki disease. 590 

European heart journal. 2016;37:Suppl 1, 191. 591 

80. Akagi T, Kato H, Inoue O, Sato N, Imamura K. Valvular heart disease in Kawasaki syndrome: 592 

incidence and natural history. American heart journal. 1990;120(2):366-72. 593 

81. Nakamura Y, Aso E, Yashiro M, Uehara R, Watanabe M, Oki I, et al. Mortality among persons 594 

with a history of kawasaki disease in Japan: mortality among males with cardiac sequelae is 595 

significantly higher than that of the general population. Circulation journal : official journal of the 596 

Japanese Circulation Society. 2008;72(1):134-8. 597 

82. Noto N, Okada T, Yamasuge M, Taniguchi K, Karasawa K, Ayusawa M, et al. Noninvasive 598 

assessment of the early progression of atherosclerosis in adolescents with Kawasaki disease and 599 

coronary artery lesions. Pediatrics. 2001;107(5):1095-9. 600 

83. Takahashi K, Oharaseki T, Naoe S. Pathological study of postcoronary arteritis in adolescents 601 

and young adults: with reference to the relationship between sequelae of Kawasaki disease and 602 

atherosclerosis. Pediatric cardiology. 2001;22(2):138-42. 603 

84. Suzuki A, Miyagawa-Tomita S, Komatsu K, Nakazawa M, Fukaya T, Baba K, et al. 604 

Immunohistochemical study of apparently intact coronary artery in a child after Kawasaki disease. 605 

Pediatrics international : official journal of the Japan Pediatric Society. 2004;46(5):590-6. 606 

 607 

Page 19 of 19

https://mc04.manuscriptcentral.com/fm-fca

Future Cardiology


