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Abstract

Pediatric primary systemic vasculitides are a complex group of diseases. Vasculitis subgroups are mainly determined accord-
ing to the size of the predominantly affected vessels. In patients with primary systemic vasculitis, the location of vascular
involvement, the size of the vessels, the extent of vascular damage, and the underlying pathology determine the disease
phenotype and severity. Cardiac involvement is rare in some pediatric vasculitis, such as IgA vasculitis and polyarteritis
nodosa, while it is more common in some others like Kawasaki disease and Takayasu arteritis. On the other hand, chronic
inflammation in the setting of systemic vasculitis forms a major cardiovascular risk factor. Accelerated atherosclerosis and
the tendency to thrombosis are the main issues determining the cardiovascular risks in pediatric systemic vasculitis. Early
diagnosis and treatment are essential in these patients to minimize morbidity and mortality. In this review, we aimed to raise
physicians’ awareness of cardiac involvement and cardiovascular risks in pediatric patients with primary systemic vasculitis.

Key Points

o [n children, cardiac involvement is less common in some vasculitides, such as IgAV/HSP vasculitis and polyarteritis nodosa, while it is more

common in Kawasaki disease and Takayasu arteritis.

o The cardiovascular risk factors are primarily caused by chronic inflammation in pediatric primary systemic vasculitides.
o Appropriate management of cardiac involvement and cardiovascular risk factors will improve cardiovascular outcomes in pediatric primary

systemic vasculitides.
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Introduction

Pediatric primary systemic vasculitides are characterized
by idiopathic inflammation of blood vessel walls [1].
Primary systemic vasculitides are mainly subgrouped
according to the size of the predominantly affected
vessels [1, 2] (Fig. 1). In the most recent nomencla-
ture system, the relatively more common vasculitides
are immunoglobulin A vasculitis/Henoch—Schonlein
purpura (IgAV/HSP) and antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis (AAV) in small
vessel vasculitis, Kawasaki disease (KD) and polyarteri-
tis nodosa (PAN) in medium vessel vasculitis, Takayasu
arteritis (TAK) in large vessel vasculitis, and Behget’s
disease (BD) in variable vessel vasculitis group (may
affect all sizes of arteries/veins) in children [1].
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ANCA-Associated Small Vessel Vasculitis

-Microscopic Polyangiitis

-Granulomatosis with Polyangiitis (Wegener’s)

-Eosinophilic Granulomatosis with Polyangiitis (Churg-Strauss)

Large Vessel Vasculitis
-Takayasu Arteritis
-Giant Cell Arteritis

Arteries

I

Anti-GBM Disease

Immune Complex Small Vessel Vasculitis
-Cryoglobulinemic Vasculitis
-IgA Vasculitis (Henoch-Schonlein Purpura)

Medium Vessel Vasculitis
-Polyarteritis Nodosa
-Kawasaki Disease

-Hypocomplementemic Urticerial Vasculitis
(Anti-C1q Vasculitis) ‘

Variable Vessel Vasculitis
-Behget’s Disease
-Cogan’s Syndrome

Fig. 1 Classification of primary systemic vasculitides according to the size of the predominantly affected vessels. ANCA, antineutrophil cyto-
plasmic antibody; GBM, glomerular basement membrane; IgA, immunoglobulin A

Cardiac involvement as a part of vasculature is not
uncommon in systemic vasculitis (Fig. 2). It is more
common in some pediatric systemic vasculitides, such
as KD and TAK, compared to others. For instance, Kuo
et al. [3] reported that 35% of KD patients (n=341) had
coronary artery dilatation during the acute presentation
phase, and 4.1% had coronary artery lesions persisting
for more than one year. Eleftheriou et al. [4] showed
cardiac involvement in five of 11 children with TAK in
their case series. On the other hand, there are only rare
reports of children with cardiac involvement in IgAV/
HSP and AAV [5, 6].

Children with primary systemic vasculitis also have a
significantly increased risk for cardiovascular events. Pro-
longed systemic inflammation, along with other risk factors
associated with the specific subtype of vasculitis (such as
damage to coronary arteries in KD), may lead to accelerated
atherosclerosis and increased frequency of cardiovascular
events [7].

Early diagnosis and effective management of inflam-
mation and cardiovascular issues are required to improve
outcomes in children with primary systemic vasculitis. This
review will discuss the incidence/prevalence, pathogenesis,
treatment, prevention, and outcomes of cardiac involve-
ment and cardiovascular risk factors in pediatric patients
(0-18 years) with primary systemic vasculitis. We will
focus on the relatively more common vasculitides as IgAV/
HSP, AAV, KD, PAN, TAK, and BD.
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Search strategy

We reviewed the literature using Pubmed/MEDLINE, Scopus,
and Web of Science databases until August 2022, using the follow-
ing keywords; “immunoglobulin A vasculitis/Henoch-Schonlein
purpura,” “antineutrophil cytoplasmic antibody-associated vas-
culitides,” “Kawasaki disease,” “polyarteritis nodosa,” “Takayasu
arteritis,” “Behget’s disease,” “‘cardiac involvement,” and “cardio-
vascular risk factors,” according to the published guideline [8]. Pref-
erence was frequently given to the sources published within the past
10 years. We searched the bibliographies of the retrieved articles
written by experts in cardiac involvement and cardiovascular risk
factors in pediatric primary systemic vasculitides. The research
was limited to articles in English. The articles, which include data
about cardiac involvement or cardiovascular risk factors in pediatric

primary systemic vasculitides, have been evaluated meticulously.

Cardiac involvement and cardiovascular risk
factors in small vessel vasculitides

IgA vasculitis/Henoch-Schonlein purpura (IgAV/
HSP)

Immunoglobulin A vasculitis, previously known as HSP, is a
non-granulomatous systemic vasculitis characterized by IgA-
containing immune complex deposits of small vessel walls [1].
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Coronary artery involvement (dilatations, aneurysms), myo-pericarditis, congestive heart failure, valve
insufficiency, arrhythmia, pericardial effusions and cardiac tamponade, myocardial infarction, ECG
abnormalities, and atherosclerosis

Aortic lesions (aortitis, aortic dissection or rupture, aortic regurgitation, thrombosis), pulmonary artery
involvement, pulmonary hypertension, coronary artery disease, heart failure, acute coronary syndrome,
pulmonary hypertension, myocardial infarction, and atherosclerosis

EGPA---Pericardial effusion, cardiomyopathy, valvular insufficiency, myocardial infarction, coronary
artery dilatation, pulmonary hypertension, cardiomyopathy, pericarditis, pulmonary embolism, other
arterial thromboembolism, and atherosclerosis

GPA---Pericarditis, arrhythmias, heart valve involvement, heart block, endocarditis, myocardial
infarction, arterial thromboembolism, and atherosclerosis

MPA---Pericarditis, heart failure, valvular insufficiency, heart block, myocardial infarction, cardiac
tamponade, and cardiomyopathy, arterial thromboembolism, and atherosclerosis

Pericarditis, endocarditis, intracardiac thrombosis, pulmonary artery involvement, endomyocardial
fibrosis, left ventricular aneurysm, myocarditis, cardiomyopathy, intracardiac thrombosis, coronary artery
aneurysms, myocardial infarction, arterial thromboembolism, and atherosclerosis

Coronary artery involvement (arteritis, aneurysms, stenosis), congestive heart failure, pericarditis,
myocarditis, cardiomyopathy, valvular heart disease, pericarditis, myocardial infarction, ECG

abnormalities, and atherosclerosis

Valvulitis, atrial and ventricular dilation, arrhythmia, atrioventricular block, coronary artery aneurysm,
pericardial effusion, cardiac tamponade, myocardial damage, and myocardial infarction

Fig.2 Summary of the cardiac involvement and cardiovascular risk
factors in primary systemic vasculitis. AAV, antineutrophil cyto-
plasmic antibody-associated vasculitis; BD, Behget’s disease; ECG,
electrocardiography; EGPA, eosinophilic granulomatosis with poly-

Approximately 90% of the patients are children under 10 years
of age [9]. Its incidence is 3—55/100.000 children, and its preva-
lence is 6.1-20.4/100.000 in children [10]. The most common
and characteristic symptoms of IgAV/HSP are non-thrombocy-
topenic petechiae and purpura (95%) [5]. Gastrointestinal and
renal involvement are among the most common manifestations
of this disease after skin lesions [5]. According to the European
League Against Rheumatism/Pediatric Rheumatology Interna-
tional Trials Organization/Pediatric Rheumatology European
Society (EULAR/PRINTO/PRES) (Ankara 2008) criteria, a
patient is classified with [gAV/HSP in the presence of a vascu-
litic purpuric rash with lower limb predominance (mandatory)
together with one of four criteria: (a) abdominal pain, (b) his-
topathology (IgA), (c) arthritis or arthralgia, (d) renal involve-
ment [11]. The disease course is usually self-limited and benign
in children [5]. Corticosteroids are mostly required in case of
severe cutaneous lesions or gastrointestinal system involvement
[5]. Other immunosuppressive drugs could be used in patients
with renal or other major organ involvement.

Cardiac involvement

Cardiac involvement is rare in IgAV/HSP. Valvulitis, myo-
cardial damage, myocardial infarction, atrial and ventricular

angiitis; GPA, granulomatous with polyangiitis; IgAV/HSP, immu-
noglobulin A vasculitis/Henoch—Schonlein purpura; KD, Kawasaki
disease; MPA, microscopic polyangiitis; PAN, polyarteritis nodosa;
TAK, Takayasu arteritis

dilation, arrhythmia, atrioventricular block, coronary artery
aneurysm, pericardial effusion, and tamponade have been
reported [5, 12, 13].

There are only case reports about cardiac involvement in
the literature. A 6-year-old boy with rash, arthritis, proteinu-
ria, hematuria, and chest pain had bilateral coronary artery
dilatation, thickening of the ventricular wall, and mitral and
tricuspid regurgitation [12]. The renal biopsy result of the
patient was consistent with IgAV/HSP nephritis. Clinical
findings of neither Kawasaki disease nor PAN were detected
in this patient. Methylprednisolone, acetylsalicylic acid, and
mycophenolate mofetil were initiated. Although nephritis
improved with this treatment, coronary arterial findings
progressed. Warfarin therapy was added to the treatment,
and glucocorticoid therapy was gradually discontinued dur-
ing the follow-up [12]. Another report revealed a coronary
artery aneurysm in a 9-year-old boy who presented with
fever, headache, abdominal pain, arthritis, and palpable pur-
pura [14]. He was treated with intravenous immunoglobulin
(IVIG), infliximab, and acetylsalicylic acid. Coronary arter-
ies were normal three months later than this treatment [14].
In another child with IgAV/HSP, intracardiac thrombus and
pericardial effusion were present in the right atrium [15].
A 17-year-old patient with fever, abdominal pain, nausea,
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vomiting, diarrhea, arthralgia, shortness of breath, rash, and
chest pain diagnosed with IgAV/HSP also detected left ven-
tricular dilatation in his echocardiography (ECHO) [16]. The
diagnosis of IgAV/HSP was confirmed by skin biopsy. Pulse
intravenous methylprednisolone followed by oral prednisone
treatment was started. At the end of three months, renal find-
ings improved, but there is no information about the cardiac
outcome after this treatment [16].

Cardiovascular risk factors

Although the long-term risk of atherosclerosis of I[gAV/HSP
is not yet fully known, there may be no susceptibility to
atherosclerosis in pediatric patients since the disease usually
causes short-term inflammation. High expression of vascu-
lar endothelial growth factor (VEGF), a molecule with pro-
atherogenic and pro-angiogenic properties, has been demon-
strated in patients with vasculitis, especially in children with
IgAV/HSP in the acute phase of the disease [17]. However,
whether this may be a factor increasing the risk of athero-
sclerosis in IgAV/HSP patients remains unknown. Tracy
et al. [18] reported a diagnosis of ischemic heart disease in
53 (2%) of 2689 adult-onset [gAV/HSP patients. However,
they found no significant association between [gAV/HSP
and ischemic heart disease. Canpolat et al. [19] reported
that a pediatric patient previously diagnosed with IgAV/
HSP developed myocardial infarction secondary to coronary
artery thrombosis during the follow-up.

Antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitides (AAVs)

ANCA-associated vasculitides include granulomatous with
polyangiitis (GPA), eosinophilic granulomatosis with poly-
angiitis (EGPA), and microscopic polyangiitis (MPA). The
annual incidence of AAV is~(.5 per million children [20].

Although GPA is a common AAV subtype in adults, it is
infrequent in children. According to the EULAR/PRINTO/
PRES (Ankara 2008) criteria, three of the following six
criteria are required for pediatric GPA classification: his-
topathology, upper airway involvement, laryngo-tracheo-
bronchial stenoses, pulmonary involvement, ANCA positiv-
ity, and renal involvement [11]. Patients often present with
findings secondary to upper respiratory tract involvement
[21]. Common pulmonary manifestations include chronic
cough, shortness of breath, hemoptysis, or alveolar hemor-
rhage. And the most frequent renal manifestation of GPA is
rapidly progressive glomerulonephritis, leading to chronic
kidney disease or end-stage renal disease [21]. PR3-ANCA
(~80%) positivity is frequently present in GPA patients,
and MPO-ANCA (10-15%) may also be detected in some
patients [22]. In one of the largest cohorts to review charac-
teristics of pediatric GPA patients, 183 GPA patients (62%
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female) were evaluated [23]. The mean age of the patients
at the diagnosis was 13.4+3.2 years. The involved systems
were constitutional (88%), renal (83%), pulmonary (74%),
upper airways (70%), and musculoskeletal (65%). Only 5%
had cardiovascular system involvement.

Eosinophilic granulomatosis with polyangiitis is a small
vessel vasculitis described especially in patients with
asthma, ear, nose, and throat involvement, and blood and
tissue eosinophilia [24]. In 1990, the American College of
Rheumatology (ACR) defined the following six criteria for
EGPA: asthma, eosinophilia> 10%, neuropathy, unfixed
lung infiltrates, paranasal sinus abnormalities, and extravas-
cular eosinophils on biopsy. In the presence of at least four
of these criteria, EGPA can be diagnosed [24]. ANCA posi-
tivity (usually MPO-ANCA) is detected in ~40% of patients
[25]. In the largest pediatric EGPA series (n=14; F/M:1.3),
the median age at diagnosis was 12.3 years [26]. All cases
had respiratory involvement. The other organ systems most
frequently involved were the upper airway (85%), skin
(71%), digestive tract (64%), and heart (57%).

Microscopic polyangiitis is predominantly a disease of
adults, and it is rarely seen in childhood. Rapidly progressive
pauci-immune glomerulonephritis and alveolar hemorrhage
are the most common clinical findings of MPA [27]. Also,
the nervous system, musculoskeletal system, skin, cardiac
system, gastrointestinal system, and eyes could be affected.
ANCA is positive in 90% of the patients, and 60% of these
have MPO-ANCA [27]. In the largest pediatric cohort of
MPA (n=48), the mean age at disease onset was 10.8 years,
and girls outnumbered boys (F/M =1.8) [23]. Constitutional
findings and renal involvement were the most common clini-
cal findings, and approximately half of the patients had gas-
trointestinal, musculoskeletal, and cutaneous involvement
[23].

Corticosteroids and immunosuppressive drugs such as
cyclophosphamide, mycophenolate mofetil, azathioprine,
methotrexate, or rituximab are used in the treatment of AAV
[28]. It is noteworthy that corticosteroids alone are usually
sufficient in EGPA patients without severe organ involve-
ment [28].

Cardiac involvement

Among AAYV, cardiac involvement is relatively common in
EGPA, while it is rare in GPA and MPA.

While cardiac involvement is present in 40-60% of adults
with EGPA, it is less frequent among children [29]. In chil-
dren with EGPA, pericardial effusion, cardiomyopathy, val-
vular insufficiency, myocardial infarction, coronary artery
dilatation, pulmonary hypertension, cardiomyopathy, peri-
carditis, and pulmonary embolism can be seen [30]. ANCA
negativity is correlated with a higher frequency of cardiac
involvement [31].
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Cardiovascular manifestations were observed in 5-6% of
pediatric GPA patients [23, 32]. These were mainly venous
thrombosis. In addition, pericarditis, myocardial infarction,
arrhythmias, and heart valve involvement could be seen [33].
Varnier et al. [34] reported peripheral gangrene and sterile
vegetation in the tricuspid valve of a 16-year-old boy with
GPA. There are also a few reports of heart block and endo-
carditis in pediatric GPA [35].

Data regarding cardiac involvement in pediatric MPA is
scarce [36]. Heart failure, pericarditis, valvular insufficiency,
cardiomyopathy, heart block, myocardial infarction, and car-
diac tamponade can be seen in adult patients [36]. In a study
that included 48 pediatric MPA patients, cardiomyopathy
was reported in two (4.1%) patients [23].

Cardiovascular risk factors

The chronic inflammatory nature of AAVs could contribute
to the increased risk of atherosclerosis. In addition, athero-
sclerosis may occur due to endothelial dysfunction resulting
from oxidative stress caused by ANCA-induced neutrophils.
If vascular damage is not prevented by early immunosup-
pression in AAV, atherosclerosis can be an inevitable out-
come [37]. Traditional cardiovascular risk factors (hyperten-
sion, diabetes mellitus, metabolic syndrome) are also more
common in GPA patients [38]. Although there are no studies
about the early occurrence of atherosclerosis in pediatric
AAYV, accelerated atherosclerosis has been demonstrated in
adult studies, mainly in patients with GPA [39]. In a study
conducted by Hajj-Ali et al. [39] on 46 adult patients with
GPA, they evaluated the relationship between GPA and the
development of subclinical atherosclerosis. The patients’
carotid artery intima-media thickness (IMT) was detected
to be higher, especially in those with advanced age and high
diastolic blood pressure. They also found that circulating
microparticles activate vascular endothelial cells and plate-
lets in vitro. Thus, they concluded that the cumulative bur-
den of systemic inflammation in GPA correlated with the
development of subclinical atherosclerosis [39].

Patients with AAV have also an increased risk of arterial
thromboembolism [38]. This increase in thrombotic events
is not only due to endothelial activation and inflammation
but also to a higher prevalence of cardiovascular risk factors
[38]. Myocardial infarction and ischemic stroke risk are also
quite high in AAV patients due to accelerated atherosclerosis
and thromboembolic events [40].

In addition, long-term use of corticosteroids in the treat-
ment of AAV may also cause cardiovascular events. Pediat-
ric patients with AAV usually require more than two years
of treatment with glucocorticoids to achieve remission and
prevent relapse [41]. Although the main side effects of glu-
cocorticoids on the cardiovascular system are dyslipidemia

and hypertension, corticosteroid use may predispose patients
to coronary artery disease, especially in the long-term [42].

Cardiac involvement and cardiovascular risk
factors in medium vessel vasculitides

Kawasaki disease (KD)

Kawasaki disease is a medium vessel vasculitis of
early childhood [1]. The highest incidence is in Japan
(330/100000), followed by Korea and Taiwan [43]. Accord-
ing to the 2017 American Heart Association (AHA) criteria,
fever (lasting at least five days) and four of the following
five criteria are required for diagnosing KD: polymorphous
rash, lip, and oral mucosal changes, bilateral nonexudative
conjunctivitis, unilateral cervical lymphadenopathy, and
extremity changes such as edema or peeling [44]. IVIG and
acetylsalicylic acid are used as initial therapy in KD [44].
Other drugs such as corticosteroids, cyclosporine, anakinra,
and infliximab could be used in IVIG-resistant KD [44].

Cardiac involvement

Coronary artery involvement is the main factor affecting
morbidity and mortality in KD. During the acute phase of
the disease, dilatations and aneurysms may occur in the
coronary arteries. It is critical to prevent coronary arterial
involvement and damage by controlling inflammation at this
phase [45]. Administration of IVIG within the first 10 days
after the onset of KD reduces the prevalence of coronary
artery aneurysms [45]. While coronary artery aneurysm
develops in 25% of untreated patients, this rate decreases to
4-5% in patients who receive timely and appropriate treat-
ment [45, 46].

Coronary artery involvement rates in KD differ between
studies. In the Taiwan cohort [47], which included 13,290
patients, coronary aneurysm was seen in approximately 9%
of the patients. In a Japanese cohort of 2628 patients [48],
only IVIG treatment was given to 1094 patients, and IVIG
and corticosteroid treatment was given to 724 of them. Coro-
nary artery involvement was observed in 9% of the group
receiving only IVIG and in 5.9% of the group receiving
IVIG and corticosteroids.

Myo-pericarditis, congestive heart failure, valve insuf-
ficiency, and arrhythmia have also been reported in KD
patients [49]. Hyperdynamic precordium and tachycardia
may be seen during acute disease, small pericardial effu-
sions, and rarely pericardial tamponade may occur [45].
Arrhythmia may be detected due to functional abnormali-
ties of the sinus node and atrioventricular node (44). Long
PR interval, nonspecific ST and T wave changes, and low

@ Springer



678

Clinical Rheumatology (2022) 42:673-686

voltage could be observed in the electrocardiography (ECG)
if myocardial or pericardial involvement is present [49].

The prognosis of KD is determined by the presence and
severity of cardiac involvement. The mortality rate is low
(<0.5%) in KD; however, the first year of the disease is quite
risky due to acute myocardial infarction in patients with
giant aneurysms [46]. Severe myocarditis causing hemo-
dynamic deterioration and/or arrhythmias may also lead to
death even in the first week of the disease [45].

Cardiovascular risk factors

Coronary aneurysms in KD usually regress to normal lumen
diameter by the proliferation of myofibroblasts. However,
endothelial dysfunction persists in these affected segments,
even after regression [46]. Stenosis may develop over
time at the proximal and distal ends of aneurysms, and the
risk of myocardial ischemia may increase [44]. Myocar-
dial ischemia in patients after KD may result from struc-
tural abnormalities, including coronary artery stenoses or
obstructions, and extreme sluggishness of flow through
aneurysms, particularly those in distal segments [44]. It
may also arise from functional abnormalities, including
vasospasm, endothelial dysfunction, and impaired myocar-
dial flow reserve. Thromboprophylaxis is the most critical
point in treating coronary artery stenosis and myocardial
ischemia [45].

Coronary artery aneurysm was detected in 7.9% of 580
patients under the age of 40 who underwent angiogram due
to myocardial ischemia [50]. In a review of 74 patients with
a previous history of KD, the patients presented with cardiac
symptoms at an average age of 24 years [51]. Myocardial
infarction was detected in more than half while sudden death
occurred in 16% of these patients. The diagnoses of patients
were confirmed by autopsy findings [51]. In another study,
myocardial infarction was seen in 16% of 76 patients diag-
nosed with KD in childhood, and 67% required a catheter
and surgical intervention during the 25-year follow-up [52].

A study examining the long-term outcomes of 245
patients showed that the rates of no cardiac involvement
and survival at 30th years after KD diagnosis were 36% and
90%, respectively [53]. Another study showed that 5% of
young adults evaluated for myocardial ischemia might have
a history of KD [54].

Atherosclerosis can occur in patients with KD as a result
of several factors [55]. First, the arterial structure may
change as a result of arterial damage caused by the disease
process. This structural change may predispose to athero-
sclerosis. Second, possible ongoing inflammation could pro-
mote atherosclerosis and cause alterations in traditional and
nontraditional atherosclerosis risk factors. Third, patients
who had KD may be predisposed to having other types of
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atherosclerosis risk factors. Cho et al. [56] categorized the
patients into three groups; group A, 19 KD patients with cor-
onary arterial lesions that persisted or regressed; group B, 49
KD patients without coronary artery lesions; and group C,
30 healthy children. In groups A and B, the mean time after
KD diagnosis was 68.95+31 and 52.29+26.51 months,
respectively. The levels of total cholesterol, low-density
lipoprotein (LDL) cholesterol, and apolipoprotein B were
significantly higher in group A than in group C. Further-
more, the levels of homocysteine and the aortic pulse wave
velocity were significantly higher in groups A and B than
in the group C. Their results suggest that high lipid profiles
and arterial stiffness in children with a history of KD show
an increased risk of early atherosclerosis [56]. In the study
by Cheung et al. [57], apolipoprotein B levels and pulse
wave velocity were higher in KD patients with and with-
out coronary arterial lesions than in healthy controls. Thus,
the authors concluded that an adverse cardiovascular risk
profile, characterized by pro-atherosclerotic changes in lipid
profile and increased arterial stiffness, occurs in children
after KD [57].

Tsuda et al. evaluated 60 patients with KD-related myo-
cardial infarction [58]. The median age at KD diagnosis was
1.4 (0.18-12) years, and the median age at the time of myo-
cardial infarction was 2 (0.25-33) years. Giant aneurysms
(=8 mm) had been detected in 51 patients during the acute
phase of KD; nine of these patients had experienced periph-
eral artery aneurysms and coronary aneurysms. Fifteen of
60 patients died during follow-up [58]. In a study that evalu-
ated 1356 patients (median age at diagnosis was 3.1 years
and median follow-up duration was 1.1 years), thrombosis,
stenosis, intervention, myocardial infarction, and death were
reported in 20%. Of note, this ratio was 18% for patients
with a Z-score > 10 [59]. In another study, Tsuda et al. [60]
showed that 3% of 562 patients had newly developed dilated
coronary artery lesions median 11 years later than the KD
diagnosis. In summary, KD seems to cause an increased risk
of early atherosclerosis and myocardial infarction.

Polyarteritis nodosa (PAN)

Polyarteritis nodosa is a systemic necrotizing vasculitis that
typically affects medium-sized muscular arteries [11]. It
constitutes 9% of all childhood vasculitides and is the third
most common primary systemic vasculitis after [gAV/HSP
and KD [61]. To classify a child as having PAN accord-
ing to the EULAR/PRINTO/PRES (Ankara 2008) criteria,
a biopsy showing a small and mid-size artery necrotizing
vasculitis or angiographic abnormalities is required in addi-
tion to the >?2 of the following features: skin involvement,
systemic hypertension, mononeuropathy or polyneuropathy,
abnormal urine analysis or impaired renal function, testicular
pain or tenderness, signs or symptoms suggesting vasculitis
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of any other major organ system such as gastrointestinal,
cardiac, pulmonary, or central nervous systems [11]. PAN
can affect almost any organ. In children, cardiac, respiratory,
and neurological systems are less frequently affected, while
skin, musculoskeletal, and gastrointestinal system involve-
ments were relatively more common [2].

Cardiac involvement

In 5-20% of adult cases, PAN could cause cardiac involve-
ment with ECG abnormalities, coronary arteritis, congestive
heart failure, pericarditis, and myocarditis resulting in car-
diomyopathy [62]. Myocardial ischemia or infarction, typi-
cally resulting from coronary artery aneurysms or stenosis,
has also been reported [63]. It is noteworthy that cardiac
involvement was present in 81.1% of adult patients in a PAN
autopsy study published in 1985 [64].

In children, cardiac involvement is relatively rare. In our
recent systematic review, cardiac involvement was present in
15 out of 164 reported pediatric PAN patients [65]. Cardiac
involvements were pericarditis, valvular heart disease, and
coronary artery aneurysm in these patients. In the largest
study, including 110 children with PAN (63 with systemic
PAN), 14% of patients exhibited cardiac involvement [66].
Unfortunately, the details of cardiac involvement were not
mentioned in this report. In another pediatric study includ-
ing 69 patients with systemic PAN, cardiac involvement was
observed in three patients (4%) [67]. Two of these patients
had valvular heart disease, and one had pericarditis.

Cardiovascular risk factors

Endothelial function is significantly impaired in patients
with primary systemic necrotizing vasculitis such as PAN
[68]. It has been suggested that diffuse endothelial dysfunc-
tion arises from a systemic response that may result from
primary vasculitis but differs from the local inflammatory
vasculitic process [68]. However, vasculitis involving the
coronary arteries can also lead to atherosclerosis and myo-
cardial infarction, besides vascular damage due to systemic
inflammation. Secondary changes in involved arteries are
common and include characteristic aneurysm formation,
intravascular thrombosis, and segmental lumen narrowing
[69]. In addition to all these, persistent systemic inflamma-
tion due to active vasculitis also contributes to accelerated
atherosclerosis in refractory patients who are not treated
timely or who do not respond to treatment [68].

There are limited data in the literature regarding acceler-
ated atherosclerosis in PAN [70, 71]. Yanagawa et al. [70]
reported premature atherosclerotic coronary disease, likely
secondary to coronary arteritis in an adult PAN patient.
Ribeiro et al. [71] found atherosclerotic lesions in medium-
sized vessels in the histopathological examination of an

adult PAN case. Early and effective treatment will allow
normalization of endothelial function and thus, reduce vas-
cular damage in the long-term in PAN.

It is noteworthy that prolonged corticosteroid treatment
in PAN could also contribute to the risk of cardiovascular
events, as discussed above in AAV.

Cardiac involvement and cardiovascular risk
factors in large vessel vasculitis

Takayasu arteritis (TAK)

Takayasu arteritis is a large vessel vasculitis that mainly
affects the aorta and its major branches [11]. The estimated
incidence is 0.4—6.3 cases per million in childhood [72].
In the pediatric population, the mean age of disease onset
is 12 years [72]. According to the EULAR/PRINTO/PRES
(Ankara 2008) criteria, a pediatric patient is classified with
TAK when she/he has angiographic aorta findings show-
ing aneurysm/dilatation in its major branches and pulmo-
nary arteries, narrowing, occlusion, or a thickened arterial
wall (mandatory), and one of the following five features:
pulse deficit or claudication, four-limb blood pressure dis-
crepancy (> 10 mmHg), bruits, hypertension, and elevated
acute-phase reactants [11]. Corticosteroids and immunosup-
pressive drugs, including methotrexate, cyclophosphamide,
and biologic drugs, constitute TAK treatment’s mainstay
[73, 74].

Cardiac involvement

Takayasu arteritis mainly affects large arteries, and the
heart is the continuum of these large vessels. Thus, cardiac
involvement is not uncommon in TAK. Aortic lesions, pul-
monary artery involvement, coronary artery disease, and
heart failure occur at a significantly high frequency in TAK
patients [75].

Takayasu arteritis is one of the most common causes of
aortitis [76]. Aortic dissection, aortic rupture, aortic throm-
bosis, acute coronary syndrome, and aortic regurgitation
may also be seen secondary to aortitis in patients with TAK
[76]. Pulmonary artery involvement in TAK manifests as
pulmonary hypertension with a poor response to treatment
[77]. In a study by Cakar et al. [78], including 19 pediatric
TAK patients, one of the two cases with pulmonary artery
involvement died.

Coronary artery disease in TAK has a poor prognosis
[79]. About 10% of adult patients with TAK have coro-
nary arterial involvement, but the prevalence in children
is unknown [79]. Coronary artery involvement may cause
myocardial infarction, angina, or heart failure. Hassan et al.
[80] presented an 11-year-old boy with TAK who developed
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myocardial infarction and died. Wolf et al. [81] reported a
pediatric TAK patient who had a left coronary artery aneu-
rysm and died of acute myocardial infarction. There were
diffuse vasculitis of the aorta, pulmonary arteries, and coro-
nary vessels at the patient’s autopsy.

Heart failure from TAK is common in children and a sig-
nificant cause of mortality [79]. Hypertension is the most
common reason for heart failure. Myocarditis or involvement
of coronary arteries, valves, or pulmonary arteries may also
cause heart failure [79]. Das et al. [82] reported a 4-year-old
girl who presented with features of heart failure and was
diagnosed with TAK.

Half of the children with heart failure have mitral regur-
gitation, and aortic valve involvement can also be seen [83].
Aortic regurgitation is the most common valve lesion in
adult TAK patients [83].

Cardiovascular risk factors

Accelerated atherosclerosis has also been demonstrated in
TAK patients [84]. Recent data support the central role of
inflammation in all stages of atherogenesis, from endothelial
dysfunction to plaque rupture. In addition, both prolonged
use of corticosteroids and traditional atherosclerotic risk
factors may contribute to atherosclerosis [85]. Effective
suppression of disease activity and effective control of tra-
ditional atherosclerotic risk factors are required to prevent
atherosclerosis. However, since atherosclerosis does not
usually cause symptoms during childhood, studies in the
literature are restricted to adult patients. Seyahi et al. [84]
reported atherosclerotic plaques in 27% of 30 adult TAK
patients evaluated by carotid ultrasonography. There are also
studies reporting atherosclerotic changes in autopsy reports
of young patients with TAK [86]. In addition, an increased
incidence of metabolic syndrome, hypertension, and hyper-
triglyceridemia was reported in TAK [85].

Cardiac involvement and cardiovascular
issues in variable vessel vasculitis

Behget’s disease (BD)

Behget’s disease is a chronic inflammatory disease that
can affect any type and size of the vessel, particularly the
veins, and manifests with recurrent oral and genital ulcers,
accompanied by the involvement of skin, eyes, joints, and
gastrointestinal and central nervous systems [87]. In 4-26%
of BD patients, the disease onset is during childhood [88].
There is no specific diagnostic test for BD [89]. According
to pediatric BD criteria, patients with >3 of the following
criteria are classified as having BD: recurrent oral aphthae
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(at least three times a year), genital ulceration or aphthae
(with scarring), skin involvement (necrotic folliculitis, acne-
like lesions, erythema nodosum), eye involvement (anterior
uveitis, posterior uveitis, retinal vasculitis), neurological
(except isolated headache), and vascular findings (venous
thrombosis, arterial thrombosis, arterial aneurysm) [87]. In
the largest pediatric BD cohort (n=205), the age at symp-
tom onset was around 11 years [90]. Oral (99.5%) and geni-
tal aphthosis (65.4%) and skin manifestations (48.8%) were
the most common features [90].

In BD, venous lesions are more common than arterial
occlusions and arterial aneurysms [91]. However, although
rare, arterial complications significantly affect the course of
the disease. Corticosteroids and immunosuppressive drugs
constitute the mainstay of BD treatment in case of major
organ involvement [92, 93]. The use of anticoagulants in the
treatment of BD thromboses currently remains controversial.

Cardiac involvement

Cardiovascular involvement is present in less than 10% of
pediatric patients [93]. The cardiac involvement manifests
with pericarditis, endocarditis, intracardiac thrombosis, pul-
monary artery involvement, myocardial infarction, endomy-
ocardial fibrosis, or left ventricular aneurysm [91].

Pericarditis is a common cardiac finding in children, vari-
ably manifesting as recurrent, asymptomatic pericardial effu-
sion [91]. Myocarditis and cardiomyopathy can also be seen
rarely in children with BD.

Intracardiac thrombosis is one of the significant cardiac
findings of BD [94]. And it is very often associated with other
venous thromboses or pulmonary artery aneurysms [92].
Turkucar et al. [94] reported a pediatric BD patient who devel-
oped a thrombus in the right ventricular cavity and secondary
pulmonary embolism. The patient responded well to early-
onset immunosuppressive and corticosteroid therapy.

Coronary artery aneurysms can also be rarely seen in BD
[92]. Cook et al. [95] reported an adolescent boy with BD who
developed a large pseudoaneurysm of the left anterior descend-
ing coronary artery requiring a coronary artery bypass graft. In
another case report [96], a teenage girl with a giant coronary
aneurysm who developed life-threatening, persistent BD was
presented. Thus, BD should be considered in the differential
diagnosis of pediatric patients with a history of arterial, venous,
and cardiac thrombosis or arterial aneurysms [86, 88].

Cardiovascular risk factors

In an inflammatory vascular disease such as BD, the
endothelium may be affected during active or inactive dis-
ease, eventually contributing to atherosclerosis [97]. Disease
duration, chronic corticosteroid use, and persistent inflam-
matory activity in BD can be counted among the causes of
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atherosclerosis [98]. In addition, classical risk factors such
as hypertension and high lipid levels can contribute to the
development of atherosclerosis. Despite all these reasons,
atherosclerosis is extremely rare in BD among primary sys-
temic vasculitides. In a study by Hassan et al. [99] in 30 BD
patients, atherosclerotic plaques were found in five patients
(16.7%). Also, carotid IMT measurements were higher in
BD patients than in healthy controls, forming an independ-
ent risk factor for the development of atherosclerosis [97].

Thrombotic events are observed in BD [100]. Although BD
more commonly causes venous thrombosis, an intracardiac
thrombus is also one of the rare but severe complications of
BD [94]. The underlying mechanism of thrombosis in these
patients is unclear. Endothelial damage/activation is prob-
ably a significant factor affecting the increased incidence of
thrombosis in BD [100]. In addition, abnormal fibrinolysis,
protein C and S deficiencies, and altered platelet function may
contribute to the development of thrombosis in BD [100].

There are also several reports of myocardial infarction in
adults with BD, but causality remains unclear [101].

Cardiovascular issues associated with drugs
used in vasculitis treatment

Treatment strategies vary according to the vasculitis subtype
and the severity of vasculitis. For instance, I[gAV/HSP patients
with a mild disease course can be followed without treatment
or with nonsteroidal anti-inflammatory drugs alone. On the
other hand, IVIG and acetylsalicylic acid (and corticosteroids
in high risk patients) are primary treatment in KD [44]. Corti-
costeroids and other immunosuppressive drugs including bio-
logics could be used while treating IVIG-resistant KD cases.
Patients with other vasculitis subtypes are usually treated with
corticosteroids in addition to immunosuppressive drugs such
as cyclophosphamide, azathioprine, mycophenolate mofetil,
or methotrexate [102]. Less commonly, biologic drugs such as
anti-tumor necrosis factor (TNF) agents, abatacept, rituximab,
or tocilizumab are used in the treatment.

Corticosteroids are the mainstay for treatment of vascu-
litides. The usual practice is to taper the dose of corticoster-
oids after attaining remission; however, patients with sys-
temic vasculitis are likely to be on low-dose corticosteroid
therapy for several years. Chronic corticosteroid use is asso-
ciated with hypertension, diabetes mellitus, congestive heart
failure, and hyperlipidemia, all of which adversely influence
cardiovascular outcomes [95]. The use of high-dose and
long-term corticosteroids in the treatment of pediatric vas-
culitis also increases the risk for cardiovascular events [102].
Therefore, patients on corticosteroid therapy should be actively
screened for cardiovascular risk factors and managed effec-
tively. Furthermore, corticosteroids should be used wisely by
fine tuning the balance between its benefits and complications.

The other immunosuppressive drugs used in treating primary
systemic vasculitides such as cyclophosphamide and mycophe-
nolate mofetil may also be related to cardiovascular events [102].
Some reports suggest a risk of irreversible cardiomyopathy and con-
duction block following cyclophosphamide therapy, but these side
effects are extremely rare [103]. Mycophenolate mofetil may cause
arrhythmia. This side effect is also very rare [104]. On the other
hand, methotrexate and azathioprine have been shown to reduce
cardiovascular risks and improve cardiac function [105, 106].

In biologic drugs, rituximab is frequently used in the man-
agement of AVV. There are some reports about the occur-
rence of ischemic coronary events and cardiac arrhythmias
following rituximab infusion [107]. On the other hand, some
studies have shown favorable alterations in the lipid profile
with rituximab treatment [102]. Anti-TNF agents, which are
rarely used as induction therapy in AAV and have a potential
role in the treatment of IVIG-refractory KD, have been associ-
ated with decreased risk of cardiovascular events by virtue of
a reduction in systemic inflammation [108]. Tocilizumab, the
interleukin 6 receptor antagonist which may be used in TAK,
also seems to favorably modulate overall cardiovascular risk in
spite of proatherogenic alteration of the lipid profile [109]. On
the other hand, modulation of cardiovascular risk with abata-
cept is not clear [102]. Being aware of the possible complica-
tions associated with treatment is mandatory to modify the
therapeutic approaches effectively in vasculitis.

How to improve cardiac outcomes
in pediatric primary systemic vasculitis

Primary systemic vasculitides are relatively rare conditions
in children but carry a significant risk of morbidity and mor-
tality despite novel therapeutic options [110]. Therefore,
early recognition and treatment of these diseases are pretty
important. With timely and appropriate treatment, disease
complications and conditions that may develop secondary to
chronic inflammation can be prevented. For instance, treat-
ment with IVIG and acetylsalicylic acid in the early period
of KD significantly reduces the risk of coronary artery aneu-
rysms [110]. The diagnosis could be challenging, especially
for patients who present with predominant cardiac features.
Awareness of the specific cardiac involvements of different
vasculitis subtypes is essential. This awareness secures early
diagnosis, which leads to effective control of inflammation.

Corticosteroids should be tapered and discontinued as
soon as possible in these patients. In addition, studies should
increase for finding alternatives to corticosteroid treatment
in vasculitis. Jayne et al. [111] reported that avacopan and
corticosteroid treatments showed similar efficacy in the early
period (at 26th week) in patients with AAV. At the same time,
the remission rate was higher with avacopan than corticoster-
oids in the later period (52nd week).
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Cardiovascular risk factors other than chronic inflamma-
tion, the leading cause of cardiovascular events in vasculi-
tis, should also be managed well. Lifestyle changes, such
as smoking cessation, prevention of obesity, and a healthy
diet that eliminate the factors promoting atherosclerosis,
are essential, especially in KD patients with coronary artery
lesions [112]. In addition, implementing a screening and
management program for improving modifiable cardiovas-
cular risk factors like hypertension, sedentary lifestyle, and
dyslipidemia may be beneficial for patients with vasculitis.
In the long-term follow-up, blood pressure, body mass index,
and waist circumference should be followed; diet, physical
activity, smoking, and lipid profile should be checked at least
once a year in all patients with or without coronary artery
involvement. With the improvement of traditional cardiovas-
cular risk factors and the close follow-up of the clinical and
imaging findings of the patients, cardiovascular events will
be significantly reduced.

Conclusion

This review provides a comprehensive view and extensive
literature digest on the cardiac involvement and cardiovas-
cular risk factors in pediatric primary systemic vasculitis.
The rare occurrence of cardiac involvement in some pedi-
atric vasculitis subtypes and restriction to only English
articles in literature search were the main limitations. It is
essential to be aware of the different presentations and car-
diac diseases caused by systemic vasculitis to secure early
diagnosis and effective treatment. Along with vascular
lesions that usually change according to the vasculitis sub-
types, chronic inflammation and treatment complications
also contribute to the cardiovascular risk factors in these
patients. Longitudinal and prospective studies analyzing
the cardiac outcome in adult patients with vasculitis during
childhood will provide further and valuable evidence.
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