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INTRODUCTION

 Leading cause of acquired heart disease (developed world)
* Unknown cause

* Seasonal variations and clustering ’;
* Genetic component of the disease !‘ |

* Coronary artery aneurysms in 19%

(39% patients < 12 months)



1. Can Kawasaki disease be
only diagnosed clinically ?



CLINICAL FEATURES

Classic (typical) KD

» Minimum of 3-5 days of fever together with > 4 of the 5 major clinical criteria including

o Rash

o Non-purulent conjunctivitis

o Oral changes (red, cracked lips, strawberry tongue)

o Changes in the extremities (swelling and erythema of the hands and feet)
o Cervical lymphadenopathy

Incomplete (atypical) KD

» Minimum of 3-5 days of fever together with < 4 of the above 5 major clinical criteria

* Major clinical criteria may not develop at the same time.
* BCG scar reactivation is often present.

* Echocardiographic diagnosis of coronary aneurysms confirms the diagnosis of KD.
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AHA SCIENTIFIC STATEMENT

Diagnosis, Treatment, and Long-Term Management of
Kawasaki Disease: A Scientific Statement for Health
Professionals From the American Heart Association

Brian W. McCrindle, MD, MPH, FAHA, Chair, Anne H. Rowley, MD, Jane W. Newburger,
MD, MPH, FAHA, Jane C. Burns, MD, Anne F. Bolger, MD, FAHA, Michael Gewitz, MD,
FAHA, Annette L. Baker, MSN, RN, CPNP, Mary Anne Jackson, MD, Masato Takahashi,
MD, FAHA, Pinak B. Shah, MD, Tohru Kobayashi, MD, PhD, Mei-Hwan Wu, MD, PhD,
Tsutomu T. Saji, MD, FAHA, Elfriede Pahl, MD, FAHA, Co-Chair, and On behalf of the
American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease
Committee of the Council on Cardiovascular Disease in the Young; Council on
Cardiovascular and $troke Nursing; Council on Cardiovascular Surgery and
Anesthesia; and Council on Epidemiology and Prevention

BACKGROUND: Kawasaki disease is an acute vasculitis of childheod that leads to coronary
artery aneurysms in =25% of unireated cases. It has been reported worldwide and is the
leading cause of acquired heart disease in children in developed countries.

METHODS AND RESULTES: To revise the previous American Heart Association guidelines, a
multidisciplinary writing group of experts was convened to review and appraise available
evidence and practice-based opinion, as well as to provide updated recommendations for
diagnosis, treatment of the acute illness, and long-term management. Although the cause
remains unknown, discussion sections highlight new insights into the epidemiology, genetics,
pathogenesis, pathology, natural history, and long-term outcomes. Prompt diagnosis is
essential, and an updated algorithm defines supplemental information to be used to assist the
diagnosis when classic clinical criteria are incomplete. Although intravenous immune globulin
is the mainstay of initial treatment, the role for additional primary therapy in selected patients
is discussed. Approximately 10% to 20% of patients do not respond to initial infravenous
immune globulin, and recommendations for additional therapies are provided. Careful initial
management of evolving coronary artery abnormalities is essential, necessitating an increased
frequency of assessments and escalation of thromboprophylaxis. Risk stratification for long-
term management is based primarily on maximal coronary artery luminal dimensions,
normalized as £ scores, and is calibrated to both past and current involvement. Patients with
aneurysms require life-long and uninterrupted cardiology follow-up.

CONCLUSIONS: These recommendations provide updated and best evidence-based
guidance to healthcare providers who diagnose and manage Kawasaki disease, but clinical
decision making should be individualized fo specific patient circumstances.



Early treatment IS
critical, don’t delay
treatment awaiting an
echo!



LABORATORY TEST FOR KAWASAKI DISEASE

JAMA Pediatrics | Original Investigation
Diagnosis of Kawasaki Disease

Using a Minimal Whole-Blood Gene Expression Signature Table 2. Gones inciuded Inthe Diagnostic Sgrature
Victoria J. Wright, PhD: Jethro A. Herberg. PhD: Myvsinl Kaforou, PhiD; Chisato Shimitzu, MD: Harlklia Ekeftherohorinou, PhD; Hannah Shailes, Phic; HiGMT Probe Logistic
Anouk M. Barendragt, BSc; Staphanse Manikow, PhiD; Stuart Gormisy, MRas: Maurics Bark, FhT: Long Trusang Hoang, PhD; Adriana H. Tremaoubst, MD; |denti- Identification Reqression
John T. Kanegays, MD; Lachlan ). M. Coin, Ph; Mary P Glodé, MD; Martin Hibbard, PhiD; Taco W. Kulpers, PhO: Clive ). Hoggart. PhD; lane €. Bums, MD;
michael Levin, FRCPCH: for the iImmunopathology of Respiratory, inflammatony and Infiectious Diseasa Study (IRIS) Consortium and the Pediatric GemSyrrm Gene Hame Cation Ho. No. Location Coefficient™
Emergency Medicine kawasakl Disease Resaarch Group (PEMKDRG) CACNALE Calcium voltage-gated chanmel subunit 1392 T510647 1g253 DA55
alphal £
DINAS DMA damage-Induced Jpophosts 26351 2570019 11g14.1 0.844
IMPORTANCE To date, there is no diagnostic test for Kawasaki disease (KD). Diagnaosis is SUDprEssar
based on clinical features shared with other febrile conditions, frequently resulting in delayed KLHLZ Kiekch-lice family member 2 6353 1070593 agaz3 0789
or missed treatment and an increzsed risk of coronary artery aneunysms. ) i
PYRONDZ PyTiding nucleotide-disulphide 13517 1eE44497 10g24.2 0.727
DBJECTIVE To identify a whole-blood gene expression signature that distinguishes children pxldoreductzse doman 2
ith KD ini the fi k of illness i hier febrile conditi
wn e ek ol fness from e T condions. MOy Spermine cxidase 15862 70068 20p13 0675
DESIGN, SETTING, AND PARTICIPANTS The case-control study comprised a discovery group
that induded  training and test set and a validation group of children with KD or comparator e Eﬂﬁgﬁ-ﬁhﬁmn . Lets Sl e Lo
fabrile illness. The setting was pediatric centers in the United Kingdom, Spain, the
Netherlands, and the United States. The training and test discovery group comprised LINCO2035 LNFIWPENIE nom-protein 52875 3236730 Igal1 0.561
404 children with infectiows and inflammatory conditions (78 KD, 84 other inflammatory coding RNA 2035
diseasas, and 242 bacterial or viral infections) and 55 healthy controls. The independent CLIC2 Chioride intracellular chanmel 3 2064 SET0136 bg3d3 D464
walidation group comprised 102 patients with KD, including 72 in the first 7 days of illness, and
130 febrile controls. The study dates were March 1. 2009, to November 14, 2013, and data S10ap 5100 caldum-binding proten P 10304 1510424 4pl6.1 -0.405
analysis tock place from January 1, 2015, to Decemnber 31, 2017. IFT27 Interferon alpha-inducibde protein 27 5397 3990170 1403212 -DA4X
MAIN DUTCOMES AND MEASURES Whole-blood gene expression was evaluated using H5 553068 EX103476 MCI_CGAP LuS NA 1470450 HA -0.5040
microarrays, and minimal transcript sets distinguishing KD were identifizd using 2 novel Homo sapiens (DMA Cone
wvariable selection method (parallel regularized regression model search). The ability of 0163 CD163 moleoule 1631 ZEE00E2 12p13.31 -0618
transcript signatures (implemented as disease risk scores) to discriminate KD cases from
controls was assessed by area under the curve (ALKC), sensitivity, and specificity at the RN Retiniion 1 10467 GBG0193 lag23.l -0620

optimal cut point according to the Youden index.

RESULTS Amang 404 patients in the discovery set, there were 78 with KD (median age,

27 months; 55.1% male) and 325 febrile controls {median age, 37 months; 56.4% male).

Among 202 patients in the validation set, there were 72 with KD {median age, 34 months; 17 . . . .

52.5% male) and 130 febrile controls (median age, I7 manths; 56.9% male). A [3-transcript t h e S I n at u r e d I Stl n u I S h e d K D
signature identified in the discowery training set distinguished KD from other infectious and

inflammatory conditions in the discowery test set, with ALC of 35.2% (95% CI,

92.5%-99.9%), sensitivity of 81.7% (95% O, 50.0%-94.8%), and specificity of 92.1%

L ] L]
{05% CI, B4.00-07.0%). In the validation set, the signature distinguished KD from febrile fro m fe b rl I e CO n t ro | S W I t h
controls, with AUC of G4.6%; (9536 01, 91.3%-08.0%), sensitivity of 85.0% (95% CI, b ) L
76.8%-92.6%), and specificity of 89.1% {95% C1, 82.0%-93.7%). The signature was applied
to clinically defined categories of definits, highly probable, and possible KD, resulting in AUCs Y . 0
of 98.1% (95% O, 94.5%-1009%), 95.3% (95% C1, 93.3%-99.4%), and 70.0% (95% C1, S e n S I t I V I ty O 8 5 9 /0 a n
53.4%-86.5%), respectively, mirmaring certainty of clinical diagnosis. " L
COMCLUSIONS AND RELEVANCE In this study, a 13-transcript blood gene expression signature - - - 0 b
distinguished KD from other febrile conditions. Diagnostic accuracy increased with certainty S p e C I I C I ty 0 . 0 eanla
of clinical diagnosis. A test incorporating the 13-transcript disease risk score may enable

earlier diagnosis and treatment of KD and reduce inapproprizte treatment in those with other
diagnoses.



2. Should patients with Kawasaki
disease be treated with Aspirin
and immunoglobulins (IVIG) ?



ASPIRIN & IV IMMUNOGLOBULINS (IVIG)

Several publications have
shown that high dose

ASPIRIN does not affect
aneurysm formation

Prevalence of coronary artery abnormalities in Kawasaki disease is
highly dependent on gamma globulin dose but independent of salicylate
dose. Terai M, et al. Pediatr. 1997;131(6):888.

The prevention of coronary artery aneurysm in Kawasaki disease: a
meta-analysis on the efficacy of aspirin and immunoglobulin treatment.
Durongpisitkul K et al. Pediatrics. 1995;96(6):1057.

Treatment of acute Kawasaki disease: aspirin's role in the febrile stage
revisited. AUHsieh KS, Weng KP, Lin CC, Huang TC, Lee CL, Huang SM
SOPediatrics. 2004;114(6):e689. 2004 Nov 15.

IVIG effect is dose dependant

prevalence of coronary
abnormalities (30 days)

Aspirin alone 17.5%
IVIG <1 g/kg and aspirin 13.5%
IVIG 1 to 1.6 g/kg and aspirin 9.8%
IVIG 2 g/kg and aspirin 3.5%

Prevalence of coronary artery abnormalities in Kawasaki disease is highly dependent on
gamma globulin dose but independent of salicylate dose.Terai M et al. SOJ Pediatr. 1997


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiWi-e989vgAhW7gM4BHQ6jCYcQjRx6BAgBEAU&url=https://therapeuticseducation.org/bsblog/top-20-mvps-most-valuable-pills-all-time&psig=AOvVaw30memHzvvGvRZ6D3PdbFJx&ust=1551356437021781

STEROIDS

KD-CAAP trial: Multi-centre, randomised, open-label,
o IVIG resistance (fever >48h r’ age blinded endpoint assessed, trial of corticosteroids plus

intravenous immunoglobulin (IVIG) and aspirin, versus IVIG and

< 12 mo nthS’ aneu rysms’ S hOCk) aspirin for prevention of coronary artery aneurysms in

Kawasaki disease.

* lower rate of CA abnormalities with 252 s et o 30 mons

steroids plus IVIG compared with '

Control group: Experimental group:

WVIG 2g/kg. aspirin 40 mag/kg/day until IVIG and aspirin same as control.

afebrile. Prednisolone 2 mg/kg/day or v
IVI G a IO n e Followed by aspirin 5 mg/kg/day for at methylprednisolone  equivalent if  oral

least 28 days after fever onset. prednisolone not tolerated.

' .
 effect more pronounced if given as 1R 50 f B e SRR o o

*12 hour window second dose of IVIG
t of initial rather th
Control group: Reassess D5 Experimental Group: Reassess D5

If T=38°C and CRP<10mg/L begin protocolled

t e ra py If T<38°C and CRP=10 mg/L no additional steroid taper (continue aspirin)
treatment required (continue aspirin)
If T238%C or CRP »10mg/L consider rescue
L If T<38°C but CRP=10mg/L: or if Tz 38°C. treatment at discretion of local

Coronary Artery Complication in Kawasaki Disease and the Importance of Early Intervention : A Systematic consider rescue treatment at discretion investigator

Review and Meta-analysis. Chen S et al. JAMA Pediatr. 2016;170(12):1156. of local investigator




3. What are the limitations
of echocardiography ?
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PERIVASCULAR ECHOBRIGHTNESS

Perivascular brightness of coronary arteries in Kawasaki disease.

+ Author information

Abstract

OBJECTIVE: Because perivascular echo brightness (PEB) of coronary arteries has been proposed as a criterion for diagnosis of incomplete
Kawasaki disease, we assessed the clinical importance of PEB during the acute phase of disease.

STUDY DESIGN: We enrclled 58 patients with Kawasaki disease who underwent two-dimensional strain analysis of images of pericoronary
tissue taken during the acute and the convalescent phases. Echogenicity of pericoronary tissue and of the blood pool was determined by
speckle tracking in the respective areas of imaging as the averages of integrated backscatter over a single cardiac cycle. PEB was defined as
echogenicity of pericoronary tissue minus blood pool.

RESULTS: PEE did not differ in the acute phase in patients and control subjects (P = .10} and between phases of disease (P = .25). In
comparison between patient groups, the presence of pericardial effusion was higher in patients with higher PEB during the acute phase (n =
30) than in the remaining patients (23% wversus 4%, P = .01).

CONCLUSIONS: PEB did not differ between patients and control subjects and is only associated with the presence of pericardial effusion
during the acute phase of Kawasaki disease. Our data do not confirm the reliability of PEB as a useful diagnostic sign of incomplete Kawasaki
disease.

Pediatr Cardiol. 2019 Jan;40(1):147-153. doi: 10.1007/s002456-013-1971-z. Epub 2015 Sep &.

Examining the Utility of Coronary Artery Lack of Tapering and Perivascular Brightness in
Incomplete Kawasaki Disease.

+ Author information

Abstract

BACKGROUND: In 2017, the AHA published revised guidelines for the diagnosis of Kawasaki disease (KD}. In the absence of compelling
data supporting or refuting the utility of lack of tapering (LT) and perivascular brightness (PB), expert panel consensus removed LT and PB
from consideration. We hypothesize that LT and PBE are unreliable, subjective findings, non-specific to KD, which can be seen in systemic
febrile illnesses without KD and in normal controls.

METHODS: Ve performed a single-center retrospective study from 1/2008 to 12/2016. De-identified coronary artery (CA) echocardiographic
clips from patients 0-10 years old were interpreted blindly by six pediatric cardiologists. Subjects were grouped as follows: (1) healthy: afebrile
with benign murmur, (2) KD: IWVIG treatment, 4-5 clinical criteria at presentation, {3) incomplete KD (iKD): IVIG, 1-3 clinical criteria. (4) Febrile:
=3 days of fever. no IVIG, KD not suspected. The presence or absence of LT and PB was recorded. Inter-rater and intra-rater reliabilities were]
analyzed using intra-class correlation coefficient, Fleiss’ Kappa and Cohen’s Kappa coefficients

RESULTS: We interpreted 117 echocardiograms from healthy (27), KD (30), iKD (32), and febrile {28) subjects. Analysis showed moderate
agreement in CA z score measurements. LT and PB were observed by most readers in control groups. LT exhibited fair inter-reader
agreement {reliability coefficient 0.36) and PE slight inter-reader agreement {reliability coefficient 0.13). Intra-rater reliability was inconsistent
for both parameters.

CONCLUSIONS: LT and PB are subjective, poorly reproducible features that can be seen in febrile patients without KD and in healthy
children

KEYWORDS: Acquired heart disease; Coronary vessel disease; Incomplete Kawasaki disease; Kawasald disease; Lack of tapering; Perivascular brightness
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CTA vs ECHO

Yu et al. (24 patients) — echo failed to detect 8 small aneurysms located in mid and distal
segments. CTCA also detected a stenosis of LAD.

Xing et al. (48 patients) - 4 aneurysms were missed in the LCA (n = 3) and LAD (n = 1) on echo. In
addition, stenosis and calcification were missed in the LCA (n = 3)

Peng et al. (12 patients) - echo missed 8 of the 30 aneurysms detected by CTCA. These lesions
were location in the LAD (n = 2), LCX (n = 1), and RCA (n = 5). In addition, echocardiography
missed calcification and stenotic lesions.

Duan et al. (19 patients) echo failed to detect 7 aneurysms. Good correlation between
echocardiography and CTCA for the size of the detected aneurysms.



4. What determines
the prognosis in
Kawasaki disease?



Survival rate
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Etsuko Tsuda et al. A survey of the 3-decade outcome for patients with giant aneurysms caused by Kawasaki disease Am Heart J. 2014 Feb;167(2):249-58



Figure 1. Kaplan-Meier Survival Curves for Coronary Events in the Classification by the Internal Diameter z Score of Coronary Artery Aneurysms
in Male and Female Patients
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Figure 2. Kaplan-Meier Survival Curves for Major Adverse Cardiac Events in the Classification by the Internal Diameter z Score
of Coronary Artery Aneurysms in Male and Female Patients
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Association of Severity of Coronary Artery Aneurysms in Patients With Kawasaki Disease and
Risk of Later Coronary Events Masaru Miura, et al. JAMA Pediatr. 2018;172(5)
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Lifetime cardiovascular management of patients
with previous Kawasaki disease

Faul Erngan Jane C ELIrI'IS, latquellne [nrnlsh Vinad Dlwakar
Despina Eleftheriou, luhn B Gordan,” Hucnn Hamiltan Gra,'
Thamas William J-:Jhns.ﬂn Michael Levin,” Igbal Malik, ™ F'|'|I|IF' I'u1atf_arth5,r

Rachael McCormack, ' Owen Miller, 3ﬁt:nl:lert M R Tullah

41 Kawasaki Disease

Writing Group, an behalf of the Royal College of Paediatrics and Child Health, and the

British Cardiovascular Society

ABSTRALT
Kazwasakl disease (K] 15 an inflamenatory deoeder of

young chilidren, assocated with vasculitis of the coronary

arteries with subsequent aneurysm fomation i up to
one-third of untreated patients. Those who develog
aneurysms afe at ife-long risk of coronary thrombosis of
the development of sienatc lesions, which may lead T
myocardial |shaemea, infarction or death. The Incidence
of KD Is increasing workdwide, and in moee econoemicaly
developed countries, KD s now the most comenan
cautse of acquired heart disease in chilidren. Howeses,
many cliniclans n the LK e unaware of the dioedar
and s lang-term cardier comnpheations, potentiall
leading to late dagnoss, delayed weatment and poorer
outcomes. |nceeasing numbers of patients who suffered
KD in childhood are tansitioning to the care of adul
sepvices where there |s sionificantly becs awareness and
expefience of the condition than In paediatric sendces.
Trie aien of this document ks 1o peovide guidance on the
long-t2rm management of patients who have vascular
coenpheations of KD and guidance an the emengency
management of acute connary complications. Guidance
on the management of acute KD & published elsewhers.

] -J;'I.::\.';'«J."' . Following an acite epizode of KID,
Biritish Paediatric Surveillance Uit data suggest that
193 of children overall and 39% of those aged under
Lyear, still develop coronary invobrement” despite
VI, partly related to delayed disgnosis and treat-
ment. Such children are at long-term sk of coronary
thrombasis, acute |:-n:|r'_1n synifrome and progres-
SIVE COPDMArY SEEMOses. [l:nmp.l.r: hly high rates of
CAA hawe aleo recently been reported from Sweden,
Fussia, Germany and Month America.""

Although paediatricians are familiar with acuce KID,
there is less awarenes of its lomg-term consequenoes
and management of any subsequent aaste coronary
syndrome, in both paediatric and adule services.
To help raise awareness a guidance docoment was
produsced by NHS Englind London Cardiac Sira-
tegic Climical Metwork in 2015" and a national KHS
Patient Safery Alert in 20162

“initial ECG and troponin
may be unremarkable”

“An unusual feature of children with persistent significant coronary
iInvolvement as a consequence of KD is that they can develop
significant coronary collaterals over time, such that even complete
thrombotic occlusion of a coronary artery may not result in
myocardial ischaemia. Coronary thrombosis per se is therefore
not necessarily a call to action if there is no myocardial territory at
risk but always requires rapid review of antithrombotic strategy
and of the overall management plan. The presence of myocardial
Ischaemia is the most important factor that should prompt
consideration of coronary intervention.”

“In all patients with a previous history of KD CAA, an initial ECG
and troponin may be unremarkable”



*# * Pediatric ECG analysis * **
Normal sinus rhythm
Normal ECG

Unconlfirmed




EMERGENCY PATHWAY

Kawasaki Disease Pathway Children < 16 years

NHS

Guy’s and St Thomas’
NHS Foundation Trust

Person Specific Protocol

London Ambulance Service NHS Trust
Patient Specific Protocol

This document MUST be shown to the ambulance crew immediately upon their arrival

This protocol has been specifically pre d for the patient named below and details th

treatment to be given in specified circumstances.
Reason for protocol:
Elia has Kawasaki disease. He is known to Dr Filip Kucera, Paediatric Cardiologist at Great
Ormond Street Hospital. Elia is at high risk of having a coronary artery thrombosis, leading
to acute myocardial ischaemia or myocardial infarction. As Elia is an infant, his symptoms
may be non-specific and could include inconsolable crying or persistent lethargy, pallor,
excessive sweating or breathlessness. There is also a risk that Elia could present with a

sudden cardiac arrest.

Specific Treatment / Instructions:

In the event of a sudden illness, Elia’s parents and the medical teams involved in his care
have agreed to the following plan. Elia’s parents have been advised to contact the London
Ambulance Service immediately. His acute management will include the following:

« If there is any concern that Elia could be having an acute coronary event, he should be

transported without delay to Evelina London Children's Hospital.

« |f his illness is obviously non-cardiac in nature (obvious respiratory infection, acute
gastroenteritis, rash etc.), he should be taken to his nearest hospital, Homerton Hospital,
where he should be prioritised to see the on call paediatric team as soon as possible.

« |f there is any doubt with regards to whether his presentation is of cardiac vs

non-cardiac aetiology, he should be considered to be having a possible coronary artery
event, and transported to Evelina London Children's Hospital.

* Emergency services should be aware that, due to his age, Elia may not present with
typical signs and symptoms of myocardial ischaemia, and that his ECG may be normal, and
the Troponin may remain negative even in the face of a coronary artery thrombosis.

* In the event of Elia presenting with a cardiac arrest or peri-arrest picture, Basic and
Advanced Life Support should be initiated and he should be transported to Evelina London

Children's Hospital.

In the event of a clinical emergency, please initiate emergency treatment as per
the above letter, and contact the Cardiology Registrar / Fellow at Great Ormond Street

Hospital (via switchboard on local phone 1632 OR bleep 0548).

Name of Responsible Clinician:

Dr Filip Kucera, Paediatric Cardiologist

Facility:
Great Ormond Street Hospital for Children NHS Foundation Trust
Tel: 020 7405 9200
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Luminal Myofibroblastic Proliferation

Fatal obliterative coronary vasculitis in Kawasaki

disease

Michael Ellrs MeConnell, ip, David Ward Hannon, 2D, Robert Dennes Steed, 1D, and

Mary G. F Gdliland, b

We report a unique case of Kawasaki disease with late sudden death from oblit-
eration of the lumen of the full length of the left anterior descending coronary
artery. Sequential echocardiograms showed early uniform coronary dilatation
that resolved before sudden death. The implications of obliterative “healing” of

coronary ectasia are unknown. (J Pediatr 1998;133:259-61)

Late mortality after Kawasaki disease is
rare. Several large series report that late
myocardial infarction or sudden death is
limited to patients with thrombosis in

giant coronary artery aneurysms (>8 mm

of the entire left anterior descending
coronary artery and left main coronary
without focal coronary stenosis or coro-

nary aneurysms.

CAsE REPORT

A 3Vs-year-old black child with a histo-

ry of asthma had signs of lower respirato-
IVIG  Intravenous gamma globulin

ry infection and reactive airway disease.
He received antibioties, inhaled and sys-
temic steroids, and ibuprofen. Ten days
later his respiratory symptoms improved,

and during the next 3 days he had fever to

- 1t after 7 months

- 17 week: LMCA 3.1mm, LAD 2.3mm, RCA 2.1mm




Time since

Case onset Cause of death/TX CA pathology
1 10 days Myocarditis SNC—LMP\
2 13 days Ruptured LAD CAA Waning necrotizing
arteritis, thrombosed.
SA/C-LMP LAD
3 2 wks Ruptured LCAA, TX CABG & ovar—ss\k
no SA/C- LMP visible
4 2.5 wk Ruptured giant LAD Giant CAA LAD, x2
CAA RCA. SA/C-LMP
5 2.5 wk Ruptured left RCAA thrnmbn&
main CAA SA/C-LMP
6 2.5 wk M CAA RCA, LAD,
thrombosed. SA/
C-LMP LAD occluded
7 3wk Ml Thrombosed
SA/C-LMP
8 3wk Ruptured CAA CAA, fr&niﬂng
thrombi, caldfied.
SA/CLMP,
9 3 wk Ruptured giant Fresh thro&,
LAD CAA LCx, RCAA
10 35wk Mi RCAA fresh thrombus.
LCA SA/C-LMP
11 3-4 wk Thrombosed mesenteric ~ Aneurysms,
aneurysm, organizing, Fresh thrombus
recanalized, Sl infarct Severe SA/C-LMP
12 3-4wk M1 CAAs fresh & organizing
calcified thrombi. Long
dilated thrombosed CAs
with SA/C-LMP to 95%
13 4 wk Ruptured RCIAA Multiple CAA,
SA/C-LMP CAs
14 4 wks Ml CAAs, LAD, LCx
thrombosed.
SA/C-LMP, severe
15 4 wk Massive MI CAA, LAD,
thrombosed.
no LMP
16 4 wk MI CAAs, CA,
LAD, LCx, t bosed
17 4-5wk Ml CAAs, LAD, LCX, RCA,
large fresh thrombi,
SA/C-LMP
18 5wk Ml Acute th sis
LCxCAA, RCA.
SA/C-LMP
19 5 wk Mis Giant LAD sh

& organizing thrombi,
calcified, recanalized,
RCAA, SA/C-LMP,

severe ‘

Time since

Case onset

Cause of death/TX

CA pathology

Case onset

Time since

Cause of death/TX CA pathology

20

22

23

24

25

26

27

28

29

30A

30B

30C

31

32

33

34

35

6 wk

6 wk

6.5 wk

2 mo

3 mo

4.5 mo

5 mo

7.5 mo

10 mo

15 mo

115 yr

14 yr

16 mo

18 mo

2yr

16 yr

19 yr

MI

MI

MI

MI

MI; TX

Mi

MITX

MI

MI

MI

MI; TX1

MI; TX2

CA insufficiency; TX3

Mi

Chronic ischemia; TX

MI; TX

Incidental finding
during cardiac
catheterization for
WPW; aneurysm
resected

MI

CAA, fresh, organizing
& organized thrombi

RCAA fresh thrombus.
SA/C-LMP LtCx,
organized th! i

CAA, fresh, organizing,
organized thrombi,
calcified

CAA, RCA, LAD, fresh,
calcified, organizing
thrombi, calcified

CAAs, organizing,
organized caldfied
thrombi. RCAA, long
fresh thrombus. Focal
SA/CLMP

CAA & swch

RCAA no thrombl.

Marked SA/C-LMP

36

37

38

39

40

41

U MI Thrombosed CAA

U MI; TX LADCAA, fresh thrombus.

SA/CALM mbi,
organized, nalized,
calcified

Giant CAA LAD, fresh
& organizing, thrombi,
re-canalized, caldfied.
RCAA. SA/C-LMP

to 90% stenosis

RCAA, long fresh
thrombus, CAA
thrombus, organized,
calcified

CAAs, fresh thrombi

Giant CAAs, fresh &
organizing thrembi,

Multiple CAA, no th i
Marked SA/G-LMP Ri

LCx, LAD, 90-1
stenosed

SA/C-LMP to 95%

stenotic, o sh
thrombus

Giant CAA, organizing
thrombus. SA/C-LMP
LAD, 4 cm dilation
RCAA fresh &

organized thrombus.
LCAA organizing

thrombus, cal
SA/C-LMP

CAs to 90% luminal

stenosis \

Luminal occlusion
LAD, RCA, L L
ntimal foamy

SMC. Mast cells

Lt main CAA
thrombosed.

SA/C-LMP, LCx,
LAD,

RCAA. SA/C-TWP,
no thromb|

Lt main CAA, fresh &
organizing thrombi,
calcified

RCAA. SA/C-LMP

w

SA/C-LMP to 80%
stenotic

W

calcified. SNC*

(n =41) Specimens from 32 autopsies, 8
cardiac transplants, and an excised
coronary aneurysm

Orenstein JM,et al. (2012) Three Linked
Vasculopathic Processes Characterize
Kawasaki Disease: A Light and Transmission
Electron Microscopic Study



LAD after rotational ablation and stenting
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STRESS ECHOCARDIOGRAPHY

* exercise, dobutamine, and dipyridamole stress
sensitivity 85%, 80%, and 78%
specificity of 77%, 86%, and 91%

Stress echocardiography for the diagnosis and risk stratification of patients with suspected
or known coronary artery disease: a critical appraisal. R Senior, et al. Heart. 2005 Apr

* N=47 Tx.
sensitivity 88.9% (95% Cl 51.8%, 99.7%)
specificity 91.9% (95% Cl, 71.8%, 98.3%)

Utility of exercise stress echocardiography in pediatric cardiac transplant recipients: a single-
center experience. Chen MH1,et al. J Heart Lung Transplant. 2012 May;31(5):517-23.



STRESS MRI

sensitivity 89.1% (95% Cl, 84-93%)
specificity 84.9% (95% Cl, 76.6-91.1%)

Diagnostic performance of cardiac stress perfusion MRl in the detection of coronary artery
disease using fractional flow reserve as the reference standard: a meta-analysis. Desai RR1, Jha S.
AJR Am J Roentgenol. 2013 Aug;201(2):W245-52

 N=58, median age 14.1 y (IQR 10.9-16.2)
sensitivity 100% (95% Cl: 71.6—100%),
specificity 98% (95% Cl: 86.7-99.9%)

Utility of adenosine stress perfusion CMR to assess paediatric coronary artery disease, Hopewell
N. Ntsinjana, Oliver Tann, et al. Eur Heart J Cardiovasc Imaging. 2017 Aug; 18(8): 898-905.




5. How should we anticoagulated
patients with Kawasaki disease?



Aneurysm Z score
Dilatation +2.0to +2.5
Small +2.5t0 +5.0
Medium +5.0to +10.0
Giant >+10.0 or > 8mm

McCrindle at al. Diagnosis, Treatment, and Long-Term Management of Kawasaki
Disease, A Scientific Statement for Health Professionals From the American Heart

Association

1 Ma irvablverment

2 Dilation onky

3.1: Small aneurysm, current or
persistant

3.2: Small aneurysm, regressad o
normal or dilation only

4 1: Madium anaurysm, cumant of
persistant

4 2: Madium anaurysm, regrassad
1o small anaurysm

4 3: Madium anaurysm, regrassad
i mormal or dikation onlky

5.1: Larga and qgiant aneurysm,
current or persistent

5.2: Larga or giant anauwrysm,
regressad to madium anaurysm

5.3: Larga or giant anauwry=m,
regressad to small aneurysm

5.4: Larga or giant anauwry=m,
regressad to normal or dilation
only




IN PATIENTS WITH GIANT ANEURYSMS:

* (meta-analysis 6 studies) WARFARIN + ASPIRIN lower rates of M
(odds ratio 0.27; 95% Cl 0.11-0.63) and death (OR 0.18; 95% CI 0.02-
0.29) compared with ASPIRIN ALONE

Cardiology. 2014;129(1) Su D1 et al. Safety and efficacy of warfarin plus aspirin combination therapy for giant coronary
artery aneurysm secondary to Kawasaki disease: a meta-analysis)

* no difference in thrombotic CA occlusions between LMWH and
WARFARIN

Long-term anticoagulation in Kawasaki disease: Initial use of low molecular weight heparin is a viable option for
patients with severe coronary artery abnormalities. AUManlhiot C, Branddo LR, Somji Z, Chesney AL, MacDonald C, at al.
Pediatr Cardiol. 2010;31(6):834.



Clinical Trial > ) Pediatr Hematol Oncol. 2015 Jan;37(1):1-9.
doi: 10.1097 /MPH.0000000000000291.

Prasugrel in children with sickle cell disease:
pharmacokinetic and pharmacodynamic data from
an open-label, adaptive-design, dose-ranging study

Lori Styles 7, Darell Heiselman, Lori E Heath, Brian A Moser, David S Small, Joseph A Jakubowski,
Chunmei Zhou, Rupa Redding-Lallinger, Matthew M Heeney, Charles T Quinn, Sohail R Rana,
Julie Kanter, Kenneth J Winters

Affiliations + expand
PMID: 25493452 DOI: 10.1097/MPH.0000000000000291

Abstract

Introduction: This phase 2 study was designed to characterize the relationship among prasugrel
dose, prasugrel's active metabolite (Pras-AM), and platelet inhibition while evaluating safety in
children with sickle cell disease. It was open-label, multicenter, adaptive design, dose ranging, and
conducted in 2 parts. Part A: Patients received escalating single doses leading to corresponding
increases in Pras-AM exposure and VerifyNow ®@P2Y12 (VN) platelet inhibition and decreases in
VNP2Y12 reaction units and vasodilator-stimulated phosphoprotein platelet reactivity index. Part B:
Patients were assigned daily doses (0.06, 0.08, and 0.12 mg/kg) based on VN pharmacodynamic
measurements at the start of 2 dosing periods, each 14x4 days. Platelet inhibition was significantly
higher at 0.12 mg/kg (56.3%+7.4%; least squares mean+SE) compared with 0.06 mg/kg (33.8%+7.4%)
or 0.08 mg/kg (37.9%+5.6%). Patients receiving 0.12 mg/kg achieved =30% platelet inhibition; only 1
patient receiving 0.06 mg/kg exceeded 60% platelet inhibition. High interpatient variability in
response to prasugrel and the small range of exposures precluded rigorous characterization of the
relationship among dose, Pras-AM, and platelet inhibition.

Safety: No hemorrhagic events occurred in Part A; 3 occurred in Part B, all mild and self-limited.

Conclusions: Most children with sickle cell disease may achieve clinically relevant platelet inhibition
with titration of daily-dose prasugrel.

Am J Hematol. 2018 Dec; 93(12) 14931500
Fublished online 2018 Oct 2. doi: 10.1002/5jh.25273

PMCID: PMC8282821
PMID: 30137935

A dose-ranging study of ticagrelor in children aged 3-17 years with sickle cell
disease: A 2-part phase 2 study

Lewis L. Hsu.® ' Sharada Sarnaik, 2 Suzan Williams, 3 Carl Amilon, ¢ Jenny Wissmar, 2 Anders Berggren, ©and on behalf
of the HESTIAT Investigators

= Author information = Article notes = Copyright and License information  Disclaimer

Associated Data

» Supplementary Materials

Abstract Goto: »

Antiplatelet treatment is a potential therapeutic approach for sickle cell disease {SCD). Ticagrelor
inhibits platelet aggregation and is approved for adults with acute coronary syndrome and following
myocardial infarction. HESTIAL (NCT02214121) was a 2-part, phase 2 dose-finding study generating
ticagrelor exposure, platelet inhibition, and safety data in children with SCD (3-17 years). InpartA(n=
45), patients received 2 ticagrelor single doses, 0.125-2.25 mg/kg (washout 27 days), then 7 days of
twice-daily (bid) dosing with 0.125, 0.563, or 0.75 mg/kg. In the 4-week blinded Part B extension
(optional), patients received ticagrelor (0.125, 0.563, or 0.75 mg/ke bid; n = 16) or placebo (n = 7).
Platelet reactivity decreased from baseline to 2 hours postdosing, and returned to near baseline after 6
hours postdosing. Dose-dependent platelet inhibition was seen with ticagrelor; mean relative P2Y,,
reaction unit inhibition 2 hours after a single dose ranged from 6% (0.125 mg/kg) to 73% (2.25
mg/kg). Ticagrelor plasma exposure increased approximately dose proportionally. No patients
experienced a hemorrhagic event during treatment. No differences were seen between groups in pain
ratings and analgesic use during Part B. Ticagrelor was well tolerated with no safety concerns, no
discontinuations due to adverse events (AEs), and reported AEs were mainly due to SCD. In conclusion,
a dose-exposure-response relationship for ticagrelor was demonstrated in children with SCD for the
first time. These data are important for future pediatric studies of the efficacy and safety of ticagrelor
in 5CD.




Table 1 Use of direct oral anticoagulant in ischaemic heart disease

Direct Oral Anticoagulants

Study Study target Drugs Results Notes
ESTEEM trial Patients with ACS (STEMI or NSTEMI), Ximelagatran, direct factor Il e | At 6 months 26% reduction of Drug removed from the mar-
(n = 1883) on aspirin therapy inhibitor ket for hepatic toxicity
e Phase2 e 97% increase of major bleeding
RUBY-1 trial Patients with ACS (STEMI or NSTEMI), Darexaban, direct factor Xa inhibitor e At 6 months no reduction of No further studies planned
(n=1279) on aspirin and clopidogrel therapy ischaemic outcome
e Phase2 e 128% increase of major bleeding
RE-DEEM trial Patients with ACS (STEMI or NSTEMI), Dabigatran, direct factor |l inhibitor e At 6 months 77-327% increase of No further studies planned
(n = 1861) on aspirin and clopidogrel therapy major bleeding according to the
e Phase2 dose tested
ATLAS-ACS-TIMI Patients with ACS, on aspirin or aspi- Rivaroxaban, direct factor Xa ‘I 31% reduction of ischaemic out.comel
(n = 3491) rin and thienopyridine inhibitor e Dose-dependent increase in
e Phase2 bleeding episodes _
APPRAISE trial Patients with ACS (STEMI or NSTEMI), Apixaban, direct factor Xa inhibitor = | At 6 months and at 5 meg bid 27% Riduzione dell” outcome
(n=1715) on aspirin and clopidogrel therapy reduction of the ischaemic outcome ischaemico more significant
e Phase2 e Dose-dependent increase in major for aspirin only
bleeding episodes
APPRAISE 2 Trial High-risk patients after ACS, on aspi- Apixaban 5 mg bid, direct factor Xa o Study suspended early for excessive
(n =7392) rin and clopidogrel therapy inhibitor major bleeding episodes without
e Phase3 benefits in ischaemic outcome
ATLAS-ACS2-TIMI Patients with ACS, on aspirin and Rivaroxaban 2.5 mg or 5 mg bid, di- e | At 2.5 mg bid reduction of primary
(n= 15526) thienopyridine rect factor Xa inhibitor ischaemic outcome, reduction
e Phase3 cardiovascular mortality, and total
mortality, reduction intrastent
thrombosis
e Increase major and intracranial
bleeding events, but not fatal
bleeding events
GEMINI ACS Patients with ACS, on clopidogrel or Rivaroxaban 2.5 mg bid, direct factor e Compared with aspirin similar Study underpowered for eval-
(n= 3.037) ticagrelor, without aspirin Xa inhibitor bleeding events. Ischaemic uation of ischaemic events
e Phase2 outcome similar
COMPASS trial Patients with stable cardiovascular Rivaroxaban 2.5 meg bid +aspirin vs. * | Reduction of the composite outcome
(n = 27 395) disease divided in three groups: as- rivaroxaban 5 mg bid vs. aspirin of cardiovascular death, infarction,
pirin alone, aspirin + Rivaroxaban stoke. Reduction total mortality
2.5 mg bid, Rivaroxaban only 5 mg * Increase of major bleeding episodes
bid but not fatal or critical bleeding
e Phase 3 —episodes
COMPASS trial (coronaropa- Patients enrolled in the COMPASS Rivaroxaban 2.5 meg bid + aspirin vs. = | Reduction of the composite outcome

tia) (n = 24 824)

with stable coronary artery disease
e Phase3

rivaroxaban 5 mg bid vs. aspirin

of cardiovascular death, infarction,
stoke. Reduction total mortality

Use of direct oral anticoagulant in ischaemic heart disease: the COMPASS study Luca A.European Heart Journal Supplements (2019) 21 (Supplement B), B84—B87
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Rivaroxaban compared with standard anticoagulants for the treatment of
acute venous thromboembolism in children: a randomised, controlled,
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“In children with acute venous
thromboembolism, treatment with
rivaroxaban resulted in a similarly low
recurrence risk and reduced thrombotic
burden without increased bleeding, as
compared with standard anticoagulants.”

Kawasaki disease: case report of a diagnostic
dilemma and often a missed diagnosis
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Background

Management of cardiovascular sequelae to Kawasaki disease (KD) & challenging to adult cardologists. Vasculitis of
medium-sized arteries espedally coronary arteries often leads to focal intimal thidcening and aneurysmal dilatation of
one or more caronary arteries It needs special attention to recognize coronary artery involvement because of potential
long-term morbidity and mortality. We present a case of diagnostic dilemma in young adutt Chinese male with KD.

Case summary

This asymptomatic patient was found to have deep Q) waves in anterior leads on screening electrocardiography and
was thought to have myocarditis after depiction of wall motion abnormality on echocardiography, later to be con-
firmed to have left anterior descending artery (LAD) territory infarct on cardiac magnetic resonance imaging.
Coronary computed tomography angiogram depicted proximal LAD aneurysm with caldfied plague/thrombus.
Additionally, there was an 18 mm giant right coronary artery (RCA) aneurysm with braid-lke appearance and soft pla-
que (mural thrombus). His previous medical history included fever and cenvical lymphadenopathy. Because of the
high risk he was commenced on long-term low-dose aspirin and f-adrenergic-blocking agent to reduce myocardial
oxygen consumption; however, 3 years later, he presented to the emergency department with acute inferior myogr-
dial infarction. He was noted to have total occlusion of the proximal RCA and was treated apgressively with thromb-
ectomy and percutzneous balloon angioplasty followed by medical management with B-blockers, sacubitrilvalsartan,
clopidogrel, and rivaroxaban without subsequent adverse cardiovascular events.

Discussion

Kawasald disease is one of the man causes of coronary artery disease in young adults and can be easily
overlooked.

Keywords

Casereport » Kawasai disease » Adult » Coronary artery aneurysm ¢ Coronary artery disease *
Plaque » Thrombus



6. Is there any long term
risk in patients with normal
coronary arteries ?



e KD mouse model - link between * Thickened intima-media complex

teriti g lerated in persistent / regressed CAA and
coronary arteritis ana acceieraie in angiographically normal CA
atherosclerosis -

-

Chen S, et al. Marked acceleration of atherosclerosis after Lactobacillus casei-induced coronary arteritis in a
mouse model of Kawasaki disease. Arterioscler Thromb Vasc Biol 2012;32:e60-71.

* N myocardial flow reserve in
patient with “normal” CA

Muzik O, et al. Quantification of myocardial blood flow and flow reserve in children with a history of

Kawasaki disease and normal coronary arteries using positron emission tomography. J Am Coll Cardiol
1996;28:757-62.

* Persistance of markers of
endothelial injury (even in
patients without CAA)

Suzuki A, et al. Functional behavior and morphology of the coronary artery
Cardiovascular status after Kawasaki disease in the UK V Shah, G. Christof, et al. Heart BMJ 2015 wall in patients with Kawasaki disease assessed by intravascular

ultrasound. J Am Coll Cardiol 1996;27:291-6.



STATINS

* Pravastatin improves endothelial function and reduces low-grade chronic
inflammation in patients with coronary aneurysms

Duan C et al. World J Pediatr. 2014 Aug;10(3):232-7. Effect of pravastatin on endothelial dysfunction in
children with medium to giant coronary aneurysms due to Kawasaki disease.

e Statins Study in Kawasaki Disease Children With Coronary Artery
Abnormalities

(12/2022, 25 centres, Shanghai, China)
-> effects on CAs and cardiac events



*Don’t delay treatment awaiting an echo
* Always aim for zero CRP and zero fever
*Use of steroids

 Luminal myofibroblastic proliferation
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