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Abstract

Cardiovascular involvement in juvenile rheumatic diseases is the primary manifestation in paediatric vasculitis and a
major organ manifestation in paediatric connective tissue diseases. Though coronary vasculitis is the prototypical mani-
festation of Kawasaki disease, it can also be seen in patients with polyarteritis nodosa. Pericarditis is the most common
manifestation seen in juvenile rheumatic diseases like systemic onset JIA, and lupus. Cardiac tamponade, valvular insuf-
ficiency, aortic root dilatation and arrhythmias are seen rarely. Cardiac involvement is often recognized late in children.
The development of cardiac disease in juvenile systemic sclerosis is associated with a poor outcome. In long term, child-
hood onset of rheumatic diseases predisposes to diastolic dysfunction and premature atherosclerosis during adulthood.

Key Points

® Pericarditis is the most common cardiac manifestation in SLE and can lead to tamponade.

e Conduction defects are common in juvenile mixed connective tissue disease and systemic sclerosis.
e Pulmonary hypertension is a significant contributor to mortality in juvenile systemic sclerosis.

o In Kawasaki disease, early treatment can reduce risk of coronary artery aneurysms.
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Introduction

Cardiac disease in paediatric rheumatic diseases is not
uncommon but is less recognized. It can present as peri-
carditis, myocarditis, valvulitis, conduction defects, coro-
nary vasculitis and even as nonbacterial endocarditis [1, 2].
It can also be secondary to hypertension in diseases like
in Takayasu arteritis or systemic lupus erythematosus [3,
4]. Cardiac involvement is common in Kawasaki disease
and acute rheumatic fever. In a large majority of patients
with SLE, juvenile arthritis and systemic sclerosis it can be
subclinical. Cardiac involvement is associated with higher
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morbidity and mortality especially in children with juvenile
systemic sclerosis [5].

With the advent of better non-invasive techniques like
spectral echocardiography, coronary angiography using con-
trast CT, cardiac MRI, subclinical disease can be easily rec-
ognized [6]. Studies in paediatric theumatic diseases using
carotid intima media thickness has led to recognition of pre-
mature atherosclerosis in children [7, 8]. This can increase the
CV mortality in adulthood. In SLE, onset in childhood was
an independent risk factor for mortality even after adjusting
for duration of disease [9]. This emphasizes the importance
of screening for cardiac diseases as well as systematic follow
up of these patients for modifying their disease course. This
narrative review analyses the different cardiac manifestations
of childhood autoimmune disease, systemic vasculitis, auto-
inflammatory diseases and juvenile idiopathic arthritis and
their short term as well as long term cardiovascular morbidity.

A PubMed search was done for relevant articles in
English language on 2/12/22. A search strategy for arti-
cle titles using the keywords (("pediatric"[Title] OR
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"juvenile"[Title] OR "child"[Title] OR "children"[Title])
AND ("cardiovascular"[Title] OR "cardiac"[Title])) AND
("rheumatological"[Title]) was done. Similarly, search was
done substituting “rheumatological” with “autoimmune”,

CLINYS 99 <,

“arthritis”, “vasculitis”, “‘connective tissue disease”, “‘systemic
lupus erythematosus”, “systemic sclerosis”, “dermatomyosi-
tis”, “Takayasu” and “Kawasaki”. Search for “autoinflamma-
tory diseases” and “neonatal lupus” was made independently
using these key words. Cross reference from relevant articles
was done. A narrative review was written in accordance with

previously published articles on this format [10].

Autoimmune diseases
Juvenile systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a multisystem dis-
ease associated with an array of autoantibodies. Its preva-
lence and incidence in children is estimated to be 1.8—25.7
and 0.3 — 2.5 per 10,000 [11]. Juvenile SLE is more severe
and has higher prevalence of severe major organ manifesta-
tion compared to adults [12, 13]. Though renal and central
nervous system manifestations are more common, cardiac
involvement in the form of pericarditis and myocarditis is
also fourfold higher in children compared to adults [14].

The frequency of cardiac disease varies from 17-42%
and it can involve pericardium, myocardium, valves and
the coronary arteries (Table 1) [14-17]. The timing of car-
diac involvement in juvenile SLE is variable. Initial cohorts
described that the frequency of cardiopulmonary involve-
ment progressively increased from 15 to 30% from 2 to
5 years after onset of disease. More recent cohorts have
suggested that cardiac abnormalities are evident at the time
of diagnosis in 84% [15]. This may reflect better screening
tools and techniques. Further, involvement of the heart may
predate the diagnosis of SLE in 19%, with the highest fre-
quency within the first year of diagnosis [14, 18].

African American race, renal and neurolupus are
associated with increased incidence of cardiac involve-
ment, while Asians and females have lower incidence
[14]. Anti-Ro and anti-La antibodies are associated with
cardiac involvement, while no such association has been
seen with anti-Sm or anti-RNP antibodies [18]. Though
there is limited data available on its pathology, presence of
immunoglobulin and complement deposits in the perivas-
cular tissue and pericardium suggests an immune complex
mediated tissue damage [43]. Valvular pathology includes:
valve thickening and less commonly verrucous endocardi-
tis. Fibrin clumps, focal necrosis and mononuclear infil-
trates are seen in active lesions while fibrovascular tissue
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with calcification is a feature of long-standing valvular
disease.

Pericardial disease is the most common form of cardiac
disease in juvenile SLE. Though acute pericarditis occurs in
10% of children in large case series, pericardial effusion has
been described in to 26%—33% of children in smaller series
(Fig. 1) [14, 19]. Unlike adults, large pericardial effusions
and tamponade is more common in children. In a small pro-
portion, it can result in haemodynamic instability [14, 15].
At the same time, it is not uncommon to see clinically silent
cardiac disease [16, 20].

Myocarditis is less common and is reported in 1—16%
of children with SLE [14, 18, 21]. In an echocardiographic
study left ventricular ejection fraction was reduced in 13% of
patients with SLE [15]. In another retrospective study, chil-
dren with high disease activity and vasculitis had worse dias-
tolic dysfunction. Significantly, this study assessed patients
within days of diagnosis, thus avoiding impact of drugs and
hypertension on the myocardial function [19].

Echocardiographic evaluation in adults SLE patients
found valvular regurgitation in 25%, valve thickening in
51% and vegetations in 43% of patients [44]. However, in
children valvular insufficiency was reported in 6-16% with
6% having severe valvular dysfunction [14, 15, 17, 19]. Val-
vular dysfunction has been variably associated with presence
of antiphospholipid antibodies [45, 46]. Vegetations often
resolve over the course of the disease, while valvular insuf-
ficiency has variable outcome [44].

Subclinical atherosclerosis as measured by carotid
pulse wave velocity, augmentation index and carotid
intima media thickness are higher in paediatric lupus
patients compared to controls [7]. The APPLE cohort
observed that, apart from traditional risk factors, increas-
ing age, longer SLE duration, increased creatinine clear-
ance and azathioprine use was associated with increased
CIMT. The association with prednisolone was non-lin-
ear with moderate doses being associated with reduced
CIMT, while low and high doses were associated with
increased CIMT [22].

Pericarditis can be managed with Non-steroidal anti-
inflammatory drugs but presence of significant effusion or
myocarditis warrants use of corticosteroids. Pulse corticos-
teroids may be needed in patients with severe myocarditis
Libman-Sacks endocarditis warrants high dose immunosup-
pression [1]. Cardiovascular involvement in juvenile lupus
increases the risk of mortality [15]. Infective endocarditis
may occur in conjunction with Libman-Sack vegetations,
and generally is associated with increased mortality and
morbidity in SLE patients [44]. As children are living longer
with SLE, subclinical atherosclerosis can have long term
consequences thus all attempts should be made to reduce
the risk.
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Table 1 Cardiovascular features of childhood autoimmune diseases

Study Age atinclusion Number  Salient findings
of sub-
jects

I. Juvenile Systemic Lupus Erythematosus

Sozeri et al. [7] 14 years 51 Cardiovascular abnormalities are independent of traditional risk factors and cor-
relate with disease activity in early stage disease
Chang JC et al. [14] 14 years 297 17.8% had acute cardiac diagnosis

Highest incidence in first year of life
African American race [IRR 6.6], nephritis [IRR 7] associated with increased risk
for acute cardiac disease
4.4-fold higher risk of myocarditis and pericarditis compared to adult
Harrison et al. [15] 11 years 28 31% had cardiac involvement
1/3" pericardial effusion required pericardiocentesis
Mortality rate was significantly higher in case of cardiac involvement (37% vs

10%)
Guevera et al. [16] 14 years 19 Silent cardiac disease is common in pediatric SLE
Gulay et al. [17] 14 years 78 1 death due to pulmonary hypertension
Oshiro et al. [18] 12 years 31 42% had cardiac involvement

Cardiac involvement occurred within first 6 months of disease in 11/13 children
Anti-Ro and La antibodies had positive association; anti-Sm and anti-RNP had no

association

Chang et al. [19] 14 years 85 Children with incident SLE have worse diastolic indices

Giinal et al. [20] 14 years - Asymptomatic systolic and diastolic dysfunction, suggestive of myocardial involve-
ment is common in pediatric SLE

Hiraki et al. [21] 13 years 256 Pericarditis is associated with anti-cardiolipin antibodies

Schanberg et al. [22] 15 years 221 Azathioprine and high dose prednisolone was associated with increased CIMT

BMLI, creatinine clearance, increasing age and lipoprotein (a) levels were associated
with increased CIMT
Juvenile dermatomyositis

Cantez et al. [23] 17 years 105 25% had abnormal echocardiographic findings. None developed clinically mean-
ingful cardiac disease

Schwartz et al. [24] 16 years 59 High disease activity at 1 year predicted diastolic dysfunction at follow up

Witzcak et al. [25] 25 years 57 Cardiac involvement in 18%

Increased disease activity and damage, and unfavourable lipid profile in those with
cardiac plus pulmonary involvement compared to those without

Juvenile Systemic Sclerosis

Scalapino et al. [5] NA 111 17% had cardiac involvement

Heart disease accounted for 15% deaths
Sampaio-Barros et al. [26] 12 years 31 Pulmonary hypertension in 3%

Cardiac failure responsible for 2 of 4 deaths
Foeldvari et al. [27] 13 years 60 Pulmonary hypertension in 13%
Foeldvari et al. [28] 10.2 years 175 6% had cardiac involvement

1cSSc had higher cardiac involvement

Foeldvari et al. [29] 9.9 years 80 9% had cardiac involvement
Most common abnormality was conduction defects
6% had pulmonary hypertension
1cSSC had higher cardiac involvement

Borowiec et al. [30] 13.1 years 28 Assessed localised and systemic sclerosis
Progression of arrhythmias, pulmonary hypertension over 10 years, but not signifi-
cantly different from healthy controls
Martini et al. [31] 8.1 years 153 10% had pericarditis/ arrhythmias
7% had pulmonary hypertension
7% had heart failure
Cardiac failure accounted for 10 of 15 deaths
Mortality occurs early in disease (25% in first year)
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Table 1 (continued)

Study Age atinclusion Number  Salient findings
of sub-
jects
Russo et al. [32] 7 years 23 8.6% had pericarditis
8.6% had arrhythmias
8.6% had pulmonary artery hypertension
Rutkowska et al. [33] 11 years 22 Arrhythmias in 22%
Heart failure in 9%
Suarez Almaroz et al. [34] NA 5 1 had pulmonary hypertension (died after 2 years)
Garty et al. [35] NA 13 One death (sequelae of pulmonary hypertension)
Quartier et al. [36] NA 4 Included systemic sclerosis — myositis overlap children
Death due to cardiac failure in 2
Foeldvari et al. [37] 13.8 years 135 5 out of 8 deaths were due to cardiac disease including dilated cardiomyopathy and
pulmonary hypertension
Michels et al. [38] NA 191 5% had cardiac disease
Singsen et al. [39] 16 years 14 Cardiac and pericardial involvement is more common compared to adults
6 had pericarditis; 2 developed pericardial effusion
4 developed cardiac failure
2 had pulmonary hypertension
Mier et al. [40] 9.5 years 34 16% had pericarditis
6% had pulmonary hypertension
Rutkowska-sak [41] 10 years 60 10% had acute or recurring pericarditis
8% had conduction defects
Cardiac disease accounted for 2 of 3 deaths
Hetlevik et al. [42] 28 years 52 2 (3.4%) had pulmonary hypertension

One resolved, one died

Age is either mean or median age
NA not available; CIMT carotid intima medial thickness

Neonatal lupus

Neonatal lupus erythematosus accounts for 95-99% of
congenital atrioventricular heart block (CAHB) diagnosed
before 6 months of age. Most of the mothers of these neo-
nates have anti-Ro or anti-La antibodies. CAHB results
from transplacental transfer of maternal antibodies to the
foetus, leading to poor clearance of apoptotic cardiocytes.
This results in inflammation and fibrosis of the conduction
system thus leading to heart block.

Though only 2% of mothers with anti-Ro antibodies have
babies with CAHB, the risk increases in subsequent preg-
nancy to 20% suggesting presence of additional risk factors
in susceptible mothers. Regular monitoring of the foetus
between 16-24 weeks of gestation is recommended for early
recognition. In one series, 54% of the prenatally diagnosed
CAHB babies born alive required pacemaker in the neonatal
period and nearly 70% eventually requiring permanent pace-
makers at some time point. When CAHB was diagnosed in
the neonatal period, permanent pacemaker was required in
73% by a median age of 9 years. Almost a quarter of babies
diagnosed prenatally with CAHB die in neonatal period
[47]. Use of prophylactic hydroxychloroquine in mothers
has reduced the risk of subsequent CAHB in next baby [48].
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Juvenile dermatomyositis

The prevalence of cardiac abnormalities in juvenile dermato-
myositis (JDM) is estimated to be 2.9% [49]. This is lower
than the estimate of 9-72% in adults with inflammatory
myositis [50]. Histopathology of cardiac tissue in inflam-
matory myositis is characterised by lymphocytic infiltra-
tion and fibrosis of the conduction system and interstitial
inflammatory infiltrate, contraction band necrosis and patchy
focal fibrosis of myocardium. The vasculature shows active
vasculitis with intimal hyperplasia [51]. Active myocarditis
characterised by diffuse interstitial and perivascular infiltrate
is seen in 30% of autopsy specimens [52]. Medial smooth
muscle hyperplasia with or without intimal hyperplasia are
features of small vessel disease.

Children predominantly have subclinical cardiac disease
(Table 1). Echocardiographic evaluation has identified car-
diac abnormalities in 25% cases, pericardial effusion being
the most common followed by valvular regurgitation, albeit all
being of mild severity [23]. Based on follow up studies, peri-
carditis is seen in 7%, and mitral and aortic regurgitation are
seen in 3% each. Hypertension was seen at the disease onset
in 11.8% [24]. In a study evaluating mortality in JDM patients,
pulmonary hypertension was present in 2, myocarditis in 1
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Paediatric Pericarditis | Myocarditis | Valvular Aortic root | Cardiomyopathy/ | Arrhythmias Pulmonary Coronary
rheumatic insufficiency dilatation | ventricular hypertension vasculitis
disease dysfunction
Juvenile SLE ++ ++ ++

Left ventricular
dysfunction
JDM + + + ++
Diastolic
dysfunction
Juvenile SS¢ | ++ + +
Cardiac failure
Kawasaki + ++
Disease Myocardial
Infarction
MIS-c + ++
Myocardial
0 infarction
Juvenile ++ = ++ ==
Takayasu
arteritis
JIA ++ ++
sJIA with ++ ++
MAS

Fig. 1 Common cardiovascular manifestations of paediatric rheumatic diseases. Frequency: + <5%/Case reports, + >5—10%,+ + >10—25%,

+ + + >25—50%,+ + + + >50%

and acute and chronic cardiac failure in 2 of 17 deaths. Elec-
trocardiographic changes including conduction blocks and
QTc prolongation have been described in 9-50% cases [23].
Similar to structural changes, rhythm abnormalities are also
higher in adults compared with JDM [24].

Long term follow-up of JDM patients for more than 15 years
found left ventricular diastolic or systolic dysfunction in 18%
of patients. The same group showed that JDM patients also
have higher frequency of diastolic dysfunction as compared to
age matched adults [24]. When compared to those with only
pulmonary involvement, JDM children with cardiac disease
on follow-up had higher disease activity and higher cumula-
tive prednisolone dose [25]. Two- dimensional speckle training
echocardiography, cardiac MRI and technetium pyrophosphate
scintigraphy are new techniques that have improved sensitiv-
ity for detecting subclinical myocardial dysfunction in JDM
[53]. While cardiac involvement in adults is associated with
significant morbidity, a study evaluating predictors of mortal-
ity did not find a specific risk associated with cardiac disease
in JDM [54]. In a systematic review in adults, cardiac disease
contributed to 46% of mortality [50]. In contrast in children it
contributes to only 15% of deaths in JDM [54].

Juvenile systemic sclerosis
Juvenile systemic sclerosis (Juvenile SSc) accounts for

approximately 1.2%-10% of overall systemic sclerosis cases
[5, 26, 27]. The prevalence of cardiac diseases is 6-17%

compared to 15-20% in adults [5, 28]. Pathological features
include diffuse patchy fibrosis with contraction band necro-
sis of the myocardium. Intramural coronary arteries show
concentric intimal hypertrophy and fibrinoid necrosis while
epicardial coronaries are relatively preserved.

Cardiac involvement in juvenile SSc is more common
in the limited cutaneous (IcSSc) subset (Table 1) [29]. At
the same time, 1cSSc is less common in children [26, 27].
Arrhythmias are the most common cardiac feature of Juve-
nile SSc. Supraventricular extrasystoles and conduction
blocks especially right bundle branch blocks are most com-
mon. The frequency can vary between 5-47% [29-33, 55].
They are usually asymptomatic but can rarely result in car-
diac failure and death [30, 32]. The frequency of conduction
abnormalities decrease with age [30]. Pulmonary hyperten-
sion is seen in 5-8.6% of children with SSc which is lower
compared to the adults [26, 29, 31, 55]. Similar to adults, it
is a significant contributor to mortality. Mitral and tricuspid
valve regurgitation is rarely present [29, 30]. Cardiac failure
is present in 7% [31]. The presence of cardiac abnormalities
is not only restricted to systemic disease but is also seen in
localised scleroderma with sinus tachycardia present in 53%
children [30].

While juvenile SSc has a better survival outcome com-
pared to adults, cardiac involvement in children portends
a bad prognosis [5, 56]. Heart involvement, especially
cardiac failure and pulmonary hypertension, accounts
for 15-66% mortality in children [5, 29, 31, 34-37]. In a
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multicentre series that included 134 JSSC, cardiac involve-
ment accounted for all deaths in the first year after diag-
nosis [56]. In a survival analysis, the presence of pericar-
ditis, heart failure or arrhythmias at the time of diagnosis
was associated with an increased risk of mortality, and the
presence of pulmonary hypertension during the course of
disease was associated with an increased risk of mortality.
Only pericarditis remained significant after multivariate
analysis (OR —41) [56].

The predominant contribution of myocardial dysfunc-
tion to mortality has paved way for improved techniques of
echocardiography to assess ventricular function. Speckle
tracking echocardiography (STE) has increased sensitiv-
ity for myocardial dysfunction compared to conventional
assessment of ejection fraction in juvenile SSc [6]. The
postulated mechanism is the enhanced ability of Global
longitudinal strain (GLS) by STE to detect subendocardial
layers affected by microvascular ischemia. Further it has
been seen that right ventricular longitudinal strain (RVLS),
which is lower in juvenile SSc compared to controls, has a
negative correlation with the modified Rodnan skin score
(mRSS). Advent of improved screening of cardiac function
in juvenile SSc may help guide immunosuppressive and
anti-fibrotic therapy.

Juvenile mixed connective tissue disease (Juvenile
MCTD)

Juvenile MCTD accounts for 23% of mixed connective
tissue diseases. Cardiac involvement accounts for 20%
mortality in mixed connective tissue disease [57]. In chil-
dren with MCTD, cardiovascular involvement is seen in
5% [38]. Myocardial and pericardial disease is more com-
mon in children. In a series of 14 children, 4 developed
myocarditis and cardiac failure [39]. Pericarditis is pre-
sent in 16% to 42% [39-41]. Histopathology shows patchy
myocardial necrosis, interstitial inflammatory infiltrate
and intimal thickening of vessels [39]. Pulmonary artery
hypertension is present in 3%—14%[39, 42]. This is less
than estimates in adults [58]. Similar to adults, pulmonary
hypertension is directly or indirectly related to mortality
[58]. Conduction abnormalities have been noted in up to
8% [41].

On assessment of cardiac function 16 years after diagno-
sis of disease, those with juvenile onset MCTD had lower
left ventricular systolic function and right ventricular func-
tion compared to age matched healthy controls [59] Similar
to other autoimmune diseases, subclinical atherosclerosis is
increased in adults with childhood onset MCTD. In a study
of 49 cases, the carotid IMT was significantly higher than
controls, and correlated with disease duration as well as phy-
sician global assessment [60].
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Autoinflammatory diseases

Autoinflammatory diseases are a group of diseases that occur
due to activation of innate immune system resulting from
monogenic defects. Recurrent pericarditis which may be refrac-
tory to treatment, cardiac amyloidosis and atherosclerosis are
common manifestations of periodic fever syndromes. Pericar-
ditis is seen in Familial Mediterranean Fever (FMF) and TNF
receptor 1 associated periodic fever syndrome (TRAPS), while
myocarditis is a rarely seen in FMF. Cardiomyopathy has been
described in interferonopathies like Aicardi-Goutiéres syn-
drome [61]. A recent review has discussed the common cardiac
features of periodic fever syndromes [62].

Vasculitis

Cardiac involvement is common in paediatric vasculitis like
Kawasaki disease and Takayasu arteritis while it is rare in
other systemic vasculitis like IgA vasculitis [63].

Kawasaki disease

Kawasaki disease (KD) is a medium vessel vasculitis that
presents as an acute febrile illness in children. The character-
istic involvement of coronary arteries makes it important to
recognise this condition early. Recent survey based epidemi-
ological data suggests that cardiac sequelae are seen in 2.6%
of patients [64]. Coronary artery vasculitis in KD is an acute
necrotising arteritis which can progress to a chronic stage
characterised by luminal myofibroblastic proliferation. The
destruction of the internal elastic lamina and media results in
ectasia of the vessel and aneurysm formation. The abnormal
luminal flow further predisposes to arterial thrombosis and
myocardial ischemia. The combination of luminal myofi-
broblast proliferation and organised thrombus may result in
normalisation of calibre of the coronary lumen even though
the primary coronary wall pathology persists.

In large series of more than 500 cases of KD in the pre-
intravenous immunoglobulin era (IVIG), coronary angiogra-
phy and echocardiography when done at 1 month showed cor-
onary artery aneurysms in 24% and 26% respectively [65, 66].
The prevalence reduces to 5 — 14% with IVIG [66, 67, 68].
Epidemiological data from the last two decades suggests that
the prevalence of coronary artery dilatations varies between
8.5-16.4% and coronary artery aneurysms 1.2-7.4% [69].

Coronary artery aneurysms predispose to the devel-
opment of rupture and thrombosis. While both are cata-
strophic, the former is rare. The coronary artery Z score is
based on adjusting coronary artery luminal dimensions for
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body surface area. Classification based on Z score are as
follows: Z score < 2 — no dilatation, Z score 2 — 2.5 — dila-
tation, Z score >2.5 — 5 — small aneurysm, Z score >5
— 10 or absolute dimension < 8§ mm — medium aneurysm,
Z score > 10 or absolute dimension > 8 mm — large aneu-
rysm. The more the size of aneurysms, the more the risk
of thrombosis. This is the basis for close follow up of
patients with coronary aneurysms to identify those with
an increased risk of thrombosis and thus the group in
which thromboprophylaxis must be initiated. Aneurysms
of size > 8 mm or a Z score > 10 are predisposed to throm-
bosis. Development of such ‘giant’ aneurysms warrant the
use of anticoagulants in addition to antiplatelet therapy.
Myocardial infarction occurs in 1.5 — 1.8% of cases with
majority occurring in those with giant aneurysms [65, 70].

Myocardial inflammation is common in KD and is seen
in the acute stage. Though biopsy shows abnormalities in
all patients early in the course, echocardiographic evidence
of left ventricular dysfunction is seen in only 20 — 56%
[71, 72]. Unlike necrotising myocarditis, it has a good
response to anti-inflammatory medications [73]. Valvular
involvement is commonly seen in the acute stage [64].
Cardiac murmurs may be audible in only 1% with mitral
regurgitation murmur accounting for majority [70]. Mild
mitral regurgitation is present in 27-47% at initial evalua-
tion on echocardiography [72, 74]. However, rarely it may
be severe enough to produce cardiac failure [70]. It often
resolves on follow up. Aortic regurgitation is described in
4 — 8% cases [72, 75]. The incidence of coronary lesions
is higher in patients with valvular pathology [70, 72]. The
development of shock in patients with KD (Kawasaki dis-
ease shock syndrome) is an indicator of significant cardiac
involvement. In a series of 187 children with KD, 7% had
Kawasaki disease shock syndrome. Children with shock
had a higher percentage of coronary artery abnormali-
ties (62% vs 23%), mitral regurgitation (39% vs 2%) and
impaired left ventricular function [76].

Intravenous immunoglobulin (IVIG) remains the mainstay
of treatment in KD. The current recommendation is to give
IVIG as a single dose over 10 — 12 h in combination with
aspirin [77]. Other drugs that have been used with variable
success in KD are TNF inhibitors (Infliximab, etanercept),
cyclosporine, anakinra and cyclophosphamide [78-82].

In uncomplicated coronary aneurysms, echocardiographic
screening at 1 —2 weeks and then at 6 weeks is recommended.
Another group that may not require follow up are those who
have mild dilatation (Z score 2 to <2.5) which decreases
to Z score <2 at 4 — 6 weeks. For those with Z score >2.5,
biweekly evaluation should be done until luminal progres-
sion has halted and then weekly. After 6 weeks, screening is
determined by the size of the aneurysms, with larger and giant
aneurysms, requiring monthly follow up till 3 months [78].

Multisystem inflammatory disease-children

Multisystem inflammatory disease in children (MIS-c) is a
hyperinflammatory state seen in children with recent infec-
tion or family exposure to SARS-CoV2. The syndrome
mimics atypical Kawasaki disease, Kawasaki Disease shock
syndrome or Toxic shock syndrome [80]. A recent review
concluded that 35% to 100% have left ventricular dysfunc-
tion. Coronary artery aneurysms are present in 6% to 24%
with majority having mild aneurysms (Z score 2 — 2.5).
Arrhythmias are observed in 7% to 60% [81]. Pericarditis is
seen in 5.8% and myocarditis in 25.3% [82].

Takayasu arteritis

Takayasu arteritis is a common primary vasculitis in children
with a median age of onset of 12 to 14 years [3, 4, 83, 84]. It
constitutes 14% to 32% of all Takayasu arteritis cases [3, 4,
85, 86]. Cardiac involvement is present in 40% of Takayasu
arteritis [85]. Takayasu arteritis is a granulomatous pan-
arteritis with characteristic involvement of elastic arteries.
Histopathological features in the heart include biventricular
hypertrophy, predominantly left ventricular, secondary to
hypertension and aortic and mitral regurgitation [87]. Fea-
tures of myocarditis like mononuclear cell infiltration and
necrosis of myofibers are also seen.

Paediatric Takayasu arteritis differs in its presentation
compared to adults. Fever and systemic inflammation are
more marked while claudication and bruits are less com-
mon. The increased occurrence of this ‘pre-pulseless phase’
delays the diagnosis of Takayasu arteritis in children [4,
83, 85]. The delayed diagnosis often results in children
presenting acutely with cardiac failure. In a series of 107
patients, 67% of cases below 15 years of age presented for
the first time as acute cardiac failure [88]. Other series have
shown lower rates of cardiac failure of 14 — 66% [4, 89, 90].
Myocarditis has mainly been described based on endomyo-
cardial biopsy and autopsy with paucity from echocardio-
graphic studies [91, 92]. Pericardial effusion is present in
4.3%—12% [4, 84, 86].

Hypertension is seen in two third cases and is the most
common presentation in children in more recent series [3].
Cardiomyopathy is seen in 15% and is more common than
in adults [3]. Left ventricular hypertrophy is present in 25%
to 54% of children [4, 83, 84, 89]. Dilated cardiomyopathy
is present in one third [4]. Coronary arteries are involved in
20% to 45% but estimates in children are lacking [87, 93].
Autopsy series have shown coronary artery pathology in
17% including children. Recent series have not documented
coronary involvement.

In children, pulmonary arteries are involved in 20.8%
and pulmonary hypertension in 15.4% [86]. In an autopsy
series of 10 cases, pulmonary artery was involved in two
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cases with evidence of thromboembolism in one [87]. In a
series of 19 children, pulmonary artery stenosis was asso-
ciated with pulmonary haemorrhage and mortality within
1 month [84].

Valvular involvement is another cardiac manifestation in
Takayasu arteritis. Aortic regurgitation (AR) in Takayasu
arteritis is primarily due to aortic root dilatation. The preva-
lence of aortic regurgitation in children is 3 — 24% [83, 84,
94, 95]. A recent study observed moderate to high AR in
46.7% [86]. Mitral regurgitation was present in 13.3% in
the same series. In children, valvular involvement can sug-
gest a diagnosis of acute rheumatic fever especially when
associated with fever and systemic inflammation, however
presence of hypertension and unequal pulses helps in mak-
ing a diagnosis of Takayasu arteritis [96].

The presence of hypertension in the absence of lower
limb pulses can result in an erroneous diagnosis of coarc-
tation of aorta. The presence of pericardial effusion, fever
and arthralgias can also result in a mistaken diagnosis of
systemic onset juvenile idiopathic arthritis especially in the
pre-pulseless phase [97].

The management of juvenile Takayasu arteritis is not dif-
ferent from adults. The exaggerated constitutional symptoms
are not consistently reflected by elevation of acute phase
reactants. Myocarditis warrants pulse corticosteroids. Cyclo-
phosphamide is more commonly used in children compared
to adults in a comparative study [86].

Other paediatric vasculitides

Childhood polyarteritis nodosa (cPAN) may present with
cardiac manifestations in 20% [98]. Common presentations
include pericarditis, mild valvular regurgitation, cardiac
failure and myocardial infarction [98, 99]. Childhood onset
eosinophilic granulomatosis with polyangiitis (cEGPA)
is another primary vasculitis that has significant cardiac
involvement. In a literature review that included 33 chil-
dren, cardiac involvement was seen in 42%. Cardiomyopa-
thy was present in 47% of those with cardiac involvement
and pericardial effusion in 27%. Additionally, severe mitral
regurgitation which is not commonly encountered in paedi-
atric rheumatic diseases was noted in 3 children (9%) [100].

Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) has a prevalence of 16 to
400 per 100,000 and an incidence of 2 to 20 per 100,000
[101, 102]. JIA is a heterogenous disease with variation in
the frequency of different subtypes. Oligoarticular subtype
is most common in western population while enthesitis
related arthritis and polyarticular JIA are more common in
Asian population [101, 103]. Variation in the frequency of
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subtypes in different geographic areas further complicates
estimation of cardiovascular disease.

Pericarditis is the most common cardiac manifestation of
JIA and is present in 6.3-36% (Table 2) [104, 105]. It is usu-
ally asymptomatic, has mild effusion and mostly resolves on
its own with control of disease activity [105]. Symptomatic
cardiac involvement is seen in 7.6% and is seen mainly in
systemic onset and polyarticular JIA [104].

Among the JIA subtypes, systemic onset JIA (sJIA) is
more likely to have pericardial effusion [105]. Recent data
suggests pericarditis is present in 7.2% to 28% children with
sJIA [106, 107] and cardiac tamponade in 2.5% [108]. There
is no difference in cardiac involvement among different sub-
groups of sJIA, with pericarditis seen in 19% of systemic
subtype of sJIA and 15.4% in chronic course of sJIA [108].

Symptomatic myocarditis is seen in 3.5% of children with
JIA [104]. More recent series have shown myocarditis to
be complicate sJTA in 4.2% [108]. Echocardiographic evi-
dence of subclinical myocarditis is seen in 10% in children
with sJTA [104]. A case control study noted children with
juvenile arthritis to have lower ejection fractions and larger
left ventricular size [109]. Similar echocardiographic obser-
vations have been replicated in other cohorts [110, 111].
Symptomatic myocarditis in JIA is associated with a poor
outcome [104].

Cardiac abnormalities are detected in 14%—33% when
sJIA is complicated by Macrophage activation syndrome
(MAS) [112, 119]. Pericardial involvement is seen in
12%—16% [82, 112]. Myocarditis is described in 12% [82].
Pulse corticosteroids is often warranted in this setting. High
dose anakinra has been used successfully in fulminant myo-
carditis complicating MAS in sJIA [120]. Coronary artery
dilatation has been described in small series in 16% of sJIA
complicated MAS [107]. Coronary artery abnormalities on
echocardiography have been described in four children with
sJIA who were initially treated as KD but eventually went
on to develop arthritis and resolution of coronary echogenic-
ity and dilatation [113]. Pulmonary artery hypertension is
also rarely present and has been described in 0.8% [108].
Arrhythmias have also rarely been reported in sJIA MAS
[112].

Valvular heart pathologies are described in JIA. Echocar-
diographic studies have demonstrated mitral valve thickening
or regurgitation in 24.3% and aortic valve thickening in 5.4%
[111]. Aortic regurgitation has been described in 8 — 10%
of HLA B27 associated juvenile spondyloarthropathy(jSpA)
[114, 115]. Inflammatory sclerosis of the aortic root is
thought to account for its dilatation. This may extend to the
valve and to the ventricular septum resulting in conduction
abnormalities. However, echocardiographic studies have not
consistently shown aortic root dilatation [115]. An early study
that included 36 children with jSpA observed echocardio-
graphic evidence of mild mitral regurgitation in 2, and aortic
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Table 2 Cardiovascular features of juvenile idiopathic arthritis

Study Age atinclusion number of Salient features
subjects
Goldenberg et al. [104] 5.5 years 172 Symptomatic cardiac involvement in 7.6%
11/13 systemic JIA; 2/13 polyarticular JIA
Pericarditis 7; perimyocarditis 4; myocarditis 2
4/5 deaths had cardiac disease
Bernstein et al. [105] 9 years 55 Pericarditis in 36%
Myocarditis in 10%
Majority had systemic JIA (subclinical)
Ruscitti et al. [106] 5 years 166 Pericarditis in 7%; comparable to AOSD (subclinical)
Felix et al. [107] 7.5 years 25 Pericarditis in 14% (subclinical)
Neau et al. [108] 6.6 years 86 Pericarditis in 20% (subclinical)
Bharti et al. [109] 15 years 35 Diastolic dysfunction in JRA (subclinical)
Increased LV systolic and diastolic dimensions
Oguz et al. [110] 8.8 years 30 Diastolic dysfunction in JRA (subclinical)
Alkady et al. [111] 13.2 years 45 All asymptomatic
Pericardial effusion 16%
Mitral valve thickening + regurgitation 24% (trivial to mild)
Aortic valve thickening 5%
Diastolic dysfunction
Minoia et al. [112] 5.3 years 362 Assessed MAS in sJIA
Cardiac involvement in 25%
Pericardial involvement 16%
Arrhythmias 1.4%
Cardiomegaly 1.1%
Heart failure 1.1%
Lefevre-Utile [113] NA 29 Coronary abnormalities in 4 children; complete resolution in all
Huppertz et al. [114] 17 years 40 Aortic regurgitation present in 4 (10%); third degree regurgitation with aortic root
dilatation in one
Stamato et al. [115] 14 years 31 Aortic regurgitation in 3% and mitral regurgitation in 5%
Mehmet et al. [116] NA 40 Association between enthesitis on MRI and low LV systolic function
Hussain et al. [117] 12.5 years 81 Significant increase in CIMT, change in FMD and LVMi between patients and controls,
also between active and inactive disease
Vlahos et al. [118] 12 years 30 CIMT is higher in sJIA compared to oligoarticular/ oligoarticular JIA

Age is either mean or median age

sJIA systemic onset juvenile idiopathic arthritis; AOSD adult onset Still’s disease; MAS macrophage activation syndrome; CIMT carotid intima

media thickness, FMD flow mediated dilatation; LVMi Left ventricular mass index; NA Not available

regurgitation in 3 children. Another study on 40 HLA B27
positive JIA children, 4 had aortic valve abnormalities but
only one of them had aortic root dilatation. The same study
did not find any aortic valve pathology in HLA B27 negative
juvenile arthritis controls or healthy children. Mitral valve
involvement was also seen but the frequency was not different
to controls [114]. More recent cohorts have not shown pres-
ence of valvular heart disease [116]. Valvular heart disease
has also been described polyarticular JIA. In the pre-DMARD
era, Mitral and aortic valvular disease was seen associated
with destructive articular disease [104, 121]. Recent data is
lacking on valve pathologies specifically in polyarticular JIA.

Premature atherosclerotic cardiovascular disease in juve-
nile arthritis is increasingly been recognised. A cross sec-
tional study noted a higher carotid intima medial thickness
(CIMT) and left ventricular mass index (LVMi) and reduced

flow mediated dilatation (FMD) in juvenile idiopathic arthritis
between 4 to 18 year [117]. Another study assessing children
in the age group 7 to 18 years noted that CIMT was higher in
sJIA versus other subtypes [118]. A recent study noted jSpA
children had evidence of right ventricular diastolic dysfunc-
tion. The authors demonstrated a positive correlation with the
juvenile spondyloarthritis disease activity index (jSpADAI).
Additionally, those with enthesitis had lower left ventricular
function compared to the remaining patients [116].

TNF inhibitors and now JAK inhibitors are part of treat-
ment of JIA. Both are not without safety concerns, especially
with regard to cardiovascular complications. However, cur-
rent evidence from large global trials have allayed cardiac
safety concerns of these two drugs in juvenile idiopathic
arthritis [122, 123].
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Conclusion

Thus, we see that most childhood rheumatic diseases involve
the cardiovascular system. Limited long-term follow up data
suggests that paediatric rheumatic diseases can lead to ven-
tricular dysfunction and increased risk of atherosclerosis
and subsequent cardiovascular morbidity in adulthood. To
improve long-term outcomes, early recognition, appropri-
ate and effective treatment with immunosuppressive agents,
regular follow up extending into adulthood is needed.
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