IJSCIA

Volume: 7 | Issue: 6 | Nov - Dec 2026 Available Online: www.ijscia.com
DOI: 10.51542 /ijscia.v7i6.18

¢

Cardiac Involvement in Childhood-Onset Systemic Lupus
Erythematosus: A Literature Review of Pathophysiology,
Diagnosis, and Management

Marvelle Jocellyne Aubrey Leel, Azwin Mengindra Putera?*
IMedical Program, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia
2Department of Pediatrics, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia
E-mail: marvelle.jocellyne.aubrey-2023@fk.unair.ac.id; azwin-m-p@fk.unair.ac.id

*Corresponding author details: Azwin Mengindra Putera; azwin-m-p@fk.unair.ac.id

ABSTRACT

Systemic lupus erythematosus (SLE) is an autoimmune disorder that arises from a loss of immune tolerance
and damages many organs through autoantibodies, immune-complex deposition, and inflammation.
Childhood-onset SLE (cSLE) accounts for about 15-20% of cases and follows a more aggressive course than
adult-onset disease. The heart is a frequent target: pericarditis, pericardial effusion, myocarditis, Libman-
Sacks endocarditis, and conduction abnormalities can involve every cardiac layer, and many of these lesions
produce no symptoms. This narrative review summarizes immunopathology, clinical spectrum, detection, and
management of cardiac involvement in SLE, with emphasis on children. Endothelial activation, neutrophil
extracellular traps, excess type I interferon, dysfunctional T- and B-cell subsets, and antiphospholipid
antibodies drive vascular injury, valve damage, and thrombosis. The 2012 Systemic Lupus International
Collaborating Clinics (SLICC) and the 2019 European League Against Rheumatism/American College of
Rheumatology (EULAR/ACR) criteria classify the disease, and the SLE Disease Activity Index 2000 (SLEDAI-
2K) tracks its activity. Electrocardiography and echocardiography uncover subclinical involvement; in one
pediatric cohort, 29.3% of children had electrocardiographic abnormalities, and European pediatric
recommendations advise both tests at diagnosis. Management combines hydroxychloroquine for every
patient, glucocorticoids reduced to the smallest dose that controls the disease, immunosuppressive agents for
organ-threatening disease, anticoagulation for thrombosis, supportive cardiovascular and renal care, and
tailored exercise. Routine cardiac screening of children with SLE allows earlier treatment of silent disease.
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INTRODUCTION

In systemic lupus erythematosus (SLE), the immune
system loses tolerance to self-antigens, produces
autoantibodies, and inflames tissues in many organs
over a chronic, relapsing course [1]. Children and
adolescents make up about 15-20% of patients with
SLE. Childhood-onset SLE (cSLE) follows a more
aggressive course than adult-onset disease, with
higher disease activity, more long-term damage, and
frequent renal involvement, and Asian patients tend
to have more serious manifestations and poorer
outcomes [2].

Cardiac involvement is a major source of morbidity
and mortality in SLE, and the disease can injure the
pericardium, myocardium, valves, conduction
tissue, and coronary arteries [3]. Infection and
cardiovascular disease rank among the most
common causes of death in patients with SLE [4]. In
children, cardiac lesions often remain silent.

Guevara et al. examined 19 children with SLE and
found abnormalities on electrocardiography (ECG)
or echocardiography in six (32%), several of whom
had no cardiac symptoms; a recent history of
palpitations was the only factor associated with
these abnormalities [5].

Pericardial disease carries a measurable risk. In a
national inpatient database from the United States,
pericardial effusion affected 0.1% of hospitalized
children; 15% of these children had a
rheumatological diagnosis, and 6.8% of all affected
children died in hospital [6]. Among 689 adults with
SLE in Taiwan, the 113 patients with lupus
pericarditis had a mortality of 31.9% during follow-
up, compared with 16.1% in those without
pericarditis, and pericarditis independently
predicted poorer survival (hazard ratio 1.96) [7].
Severe lupus myocarditis is rare in children but can
be fatal [8].
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Pediatric data on cardiac involvement in SLE remain
limited, and data from Southeast Asia are scarcer
still, although cSLE is more common there than in
Western populations [2]. This review summarizes
the immunopathology, clinical spectrum, diagnosis,
and management of cardiac involvement in SLE,
with attention to children.

METHODS

This article is a narrative literature review. The
authors identified sources mainly through PubMed
and ScienceDirect, used the NCBI Bookshelf for
reference chapters, and located a book chapter and
aregional journal article through Google Scholarand
the reference lists of retrieved articles. The sources
include classification and treatment recommendations,
cohort, cross-sectional, and pathology studies, a
meta-analysis, a case series, a case report, review
articles, and reference chapters published between
1977 and 2024. The authors selected publications
for their relevance to the immunopathology, clinical
spectrum, diagnosis, and management of cardiac
involvement in SLE, and synthesized the findings by
theme. The review did not include a formal quality
appraisal or a meta-analysis.

The Immune Response and Loss of Tolerance in

SLE

A healthy immune response removes viruses,
bacteria, and other foreign materials. Macrophages
and dendritic cells recognize and engulf antigens.
Activated B cells mature into plasma cells that
secrete antibodies, which neutralize antigens or tag
them for destruction by other immune cells. Helper
T cells release cytokines that coordinate the
response and stimulate B cells and cytotoxic T cells,
and cytotoxic T cells kill infected host cells [9].

In SLE, genetic susceptibility and environmental
triggers such as infection break this tolerance, and
the immune system turns against self-antigens
through both innate and adaptive pathways [1,10].
Toll-like receptors on immune cells sense DNA and
RNA released from damaged cells and switch on
inflammatory signaling and interferon production.
Neutrophils add to the antigen load through
NETosis, in which they extrude nuclear material that
further stimulates autoimmunity. Dysfunctional T
cells secrete abnormal cytokines and help
autoreactive B cells produce autoantibodies against
nuclear components. These autoantibodies form
immune complexes that settle in tissues and cause
inflammation and organ damage, and the mutual
activation of T and B cells keeps the cycle going [10].

Mechanisms of Cardiac and Vascular Injury

Vascular injury in SLE starts with abnormal
activation of the endothelium. Activated endothelial
cells release signals that recruit monocytes, which
bind to the vessel wall through adhesion molecules
such as intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule-1 (VCAM-1), and E-
selectin; patients with SLE carry higher levels of
these molecules. The lectin-like oxidized low-
density lipoprotein receptor-1 (LOX-1) binds
oxidized LDL and raises the secretion of tumor

necrosis factor-alpha (TNF-a), interleukin (IL)-6,
and IL-12, which draws in more monocytes. Patients
with severe SLE show higher VCAM-1 levels and
more apoptotic endothelial cells, which links these
markers with disease activity and vascular damage.
Recruited monocytes turn into foam cells and
enlarge atherosclerotic plaques [4].

Innate immune cells amplify this damage.
Neutrophils and their low-density granulocyte
subset release neutrophil extracellular traps, which
in excess injure the endothelium and promote
clotting. Plasmacytoid dendritic cells, activated in
error by self-nucleic acids, secrete excess type I
interferon, which sustains inflammation, impairs
vascular repair, and favors atherosclerosis and
thrombosis. Natural Killer cells fall in number as
disease activity rises, and the remaining cells release
inflammatory cytokines and cytotoxic granules that
contribute to atherosclerosis [4].

Adaptive immunity shapes the cardiovascular
course as well. Overactive CD4+ T cells of the T helper 1
and T helper 17 subsets respond to type I interferon
and contribute to vascular injury and thrombosis.
Regulatory T cells, which restrain inflammation and
protect the heart and vessels in health, are defective
in SLE. B1 cells secrete immunoglobulin M
antibodies that clear oxidized LDL and apoptotic
cells, a protective effect that SLE weakens, whereas
B2 cells promote atherosclerosis [4].

Autoantibodies link these pathways to specific
cardiac lesions. Antiphospholipid antibodies occur
in about one-third of patients with SLE, and 10-15%
of patients develop the clinical features of secondary
antiphospholipid syndrome, a thrombotic disorder
[4]. Immune complexes formed by non-organ-
specific autoantibodies deposit in cardiac tissue and
underlie Libman-Sacks endocarditis, myocarditis,
and pericarditis, while antiphospholipid antibodies
favor coronary thrombosis, valve disease, and
intramyocardial vasculopathy. Anti-Ro/SSA and
anti-La/SSB antibodies target the conduction system,
as seen in the heart block of neonatal lupus [3].

Spectrum of Cardiac Manifestations

e Pericarditis and Pericardial Effusion
Pericardial involvement is common in SLE.
Postmortem studies have reported pericarditis in
about 62% of patients, and a clinical series found it
in 38 of 97 patients [4]. Pericarditis inflames the
pericardium and causes chest pain. The European
Society of Cardiology (ESC) diagnoses acute
pericarditis when at least two of four features are
present: pericarditic chest pain, a pericardial rub,
new widespread ST-segment elevation or PR
depression, and a new or worsening pericardial
effusion. The ESC also classifies pericarditis by its
course. Incessant pericarditis persists for more than
4-6 weeks but less than 3 months without
remission, recurrent pericarditis returns after a
symptom-free interval of at least 4-6 weeks, and
chronic pericarditis lasts longer than 3 months [11].
Pericardial effusion is an accumulation of excess
fluid in the pericardial sac.
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A slow accumulation of fluid may cause no
symptoms, whereas a large or rapid effusion can
compress the heart and lead to cardiac tamponade
[11]. Serosal disease also carries weight in
classification: the 2019 European League Against
Rheumatism/American College of Rheumatology
(EULAR/ACR) criteria assign 5 points to pleural or
pericardial effusion and 6 points to acute
pericarditis [12].

e Myocarditis

Myocarditis is inflammation of the heart muscle. It
weakens contraction and can cause dyspnea, chest
pain, and palpitations. Lupus myocarditis is less
common than pericarditis but represents a serious
complication [4]. Kim et al. described three
adolescents with severe lupus myocarditis whose
presentations differed, and concluded that this rare
complication can cause death, and that early
recognition and treatment may improve outcomes

[8].

e Valvular Disease and Libman-Sacks Endocarditis
Valvulitis inflames the heart valves and can leave
them thickened, regurgitant, or stenotic, which
alters blood flow through the heart; these lesions
often produce no symptoms [13]. The characteristic
valve lesion of SLE is Libman-Sacks endocarditis, a
form of non-bacterial thrombotic endocarditis in
which sterile vegetations of immune complexes,
mononuclear cells, fibrin, and platelet thrombi form
on the valve leaflets. It affects the mitral valve most
often, followed by the aortic valve, and occurs in 6-
11% of patients with lupus. Embolism accounts for
most of its clinical manifestations, and the involved
valves may become regurgitant [14]. Light and
immunofluorescence microscopy of these lesions
supports an immune-complex mechanism [15].

Antiphospholipid antibodies raise this risk. A meta-
analysis of 23 echocardiographic studies with 1,656
patients with SLE found that antibody-positive
patients had about three times the odds of heart
valve disease (odds ratio [OR] 3.13) and of Libman-
Sacks endocarditis (OR 3.51), and lupus
anticoagulant (OR 5.88) and IgG anticardiolipin (OR
5.63) carried the highest risk. The authors advised
systematic echocardiography for antibody-positive
patients [16]. Subclinical valve lesions are frequent.
In a cohort of 59 patients with a mean age of 31
years, Mohamed et al. found mitral regurgitation in
33.9%, tricuspid regurgitation in 32.2%, mitral
thickening in 18.6%, aortic thickening in 13.6%,
pericardial effusion in 13.6%, and pulmonary
hypertension in 8.5% [17].

Diagnosis of SLE

e Clinical and Laboratory Assessment

Early SLE often presents with joint or muscle pain,
skin rashes, and, in some patients, inflammation of
internal organs [1]. The antinuclear antibody (ANA)
test serves as the screening test, and a positive ANA
at a titer of at least 1:80 forms the entry criterion of
the 2019 EULAR/ACR classification. Other
conditions can also produce a positive ANA, so
clinicians confirm the diagnosis with more specific
tests, such as anti-double-stranded DNA (anti-
dsDNA) and anti-Smith antibodies, and with
complement levels [1,12].

Clinicians also order a complete blood count, serum
complement (C3 and C4), urinalysis, and the
erythrocyte sedimentation rate (ESR) to look for
blood, kidney, and inflammatory involvement. The
Systemic Lupus International Collaborating Clinics
(SLICC) classification counts a lymphocyte count
below 1.0 x 103/uL as a clinical criterion [18], and
ESR values track renal and overall disease activity
[19].

e Classification Criteria

The 2012 SLICC criteria contain 11 clinical and 6
immunologic criteria. A patient is classified as
having SLE with at least four criteria, including at
least one clinical and one immunologic criterion, or
with biopsy-proven lupus nephritis in the presence
of ANA or anti-dsDNA antibodies [18]. The European
pediatric recommendations of the Single Hub and
Access point for paediatric Rheumatology in Europe
(SHARE) initiative endorse the SLICC criteria for
classifying cSLE [20].

The 2019 EULAR/ACR criteria require a positive
ANA as an entry criterion and then score weighted
items from seven clinical domains (constitutional,
hematologic, neuropsychiatricc mucocutaneous,
serosal, musculoskeletal, and renal) and three
immunologic domains (antiphospholipid antibodies,
complement proteins, and SLE-specific antibodies).
Items carry 2 to 10 points, and a total of at least 10
points, including at least one clinical criterion,
classifies a patient as having SLE. In a validation
cohort of 1,270 patients, the new criteria reached a
sensitivity of 96.1% and a specificity of 93.4%,
compared with 96.7% and 83.7% for the SLICC
criteria. Both systems serve to classify patients for
research, so the diagnosis in an individual child
remains a clinical judgment [12]. Table 1 compares
the two systems.
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TABLE 1: Comparison of the SLICC 2012 and EULAR/ACR 2019
Classification Criteria for Systemic Lupus Erythematosus.

Feature

SLICC 2012 [18]

EULAR/ACR 2019 [12]

Entry requirement

None

Positive ANA at a titer of at least
1:80 on HEp-2 cells, or an equivalent
positive test, at least once

Structure

11 clinical and 6 immunologic
criteria

7 clinical and 3 immunologic
domains; items weighted from 2 to
10 points

Pericardial items

Serositis, including typical
pericardial pain, pericardial
effusion, pericardial rub, or
pericarditis on ECG

Pleural or pericardial effusion
(5 points); acute pericarditis
(6 points)

Classification rule

At least 4 criteria with atleast 1
clinical and 1 immunologic
criterion, or biopsy-proven
lupus nephritis with ANA or
anti-dsDNA

Atleast 10 points with atleast 1
clinical criterion; only the highest-
weight item in each domain counts

Performance in the EULAR/ACR
validation cohort
(n=1,270) [12]

Sensitivity 96.7%;
Specificity 83.7%

Sensitivity 96.1%; specificity 93.4%

Pediatric use

Endorsed by SHARE for
classifying cSLE [20]

Published after the SHARE
recommendations

ANA, antinuclear antibody; anti-dsDNA, anti-double-stranded DNA antibody; c¢SLE, childhood-onset systemic
lupus erythematosus; ECG, electrocardiography; EULAR/ACR, European League Against Rheumatism/
American College of Rheumatology; SHARE, Single Hub and Access point for paediatric Rheumatology in
Europe; SLICC, Systemic Lupus International Collaborating Clinics.

¢ Disease Activity

The Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI) scores 24 weighted clinical and
laboratory descriptors that reflect active disease
during the preceding 10 days, and a higher total
indicates greater activity. The SLEDAI-2K revision
counts persistent rash, mucosal ulcers, alopecia, and
proteinuria, which the original version scored only
when new or recurrent. In a cohort of 960 patients,
SLEDAI-2K showed a correlation of 0.97 with the
original index and predicted mortality as well as the
original did [21]. Studies use different cut-offs to
grade activity as mild, moderate, or severe, so
comparisons between studies need care.

Detection of Cardiac Involvement

o Electrocardiography

An electrocardiogram captures cardiac electrical
signals through electrodes placed on the limbs and
chest [22]. Among 41 children with SLE, AlTwajery
et al. found ECG abnormalities in 12 (29.3%): ST-T
changes and a prolonged QT interval in 9.8% each,
right bundle branch block in 7.3%, and low QRS
voltage in 2.4%. Abnormal tracings occurred more
often in children with anti-Ro/SSA antibodies (8 of
16) than in those without them (4 of 25), and they
were also associated with low platelet counts [23].

o Echocardiography

Echocardiography uses high-frequency sound
waves to image the cardiac chambers, valves, and
great vessels [24]. It detects pericardial effusion,
valvular thickening and regurgitation, and impaired

ventricular function, including lesions that cause no
symptoms [17]. Cardiopulmonary involvement in
cSLE is uncommon but often asymptomatic at first,
so the SHARE recommendations advise ECG and
echocardiography for every child with SLE at
diagnosis and intermittent monitoring afterwards
[20]. Patients with antiphospholipid antibodies
warrant systematic echocardiographic follow-up [16].

Management

Management of cardiac involvement in SLE aims to
control inflammation, prevent complications, and
treat specific cardiac lesions. It combines general
measures with drug therapy.

e Non-Pharmacological Measures

A heart-healthy diet supports drug therapy. Omega-
3 fatty acids have anti-inflammatory effects because
they compete with the omega-6 fatty acid
arachidonic acid, the precursor of pro-inflammatory
eicosanoids such as prostaglandins [25]. Limiting
sodium helps control fluid retention and blood
pressure in children with edema or lupus nephritis,
and avoiding alcohol prevents interactions with
medication.

An international task force recommends physical
activity for all people with SLE, after medical
evaluation when needed. The type, frequency, and
intensity of activity should match each patient's
abilities and comorbidities, and exercise programs
should combine aerobic and resistance training
under professional supervision where possible.
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Reported benefits include better aerobic capacity,
muscle strength, and fatigue [26]. Regular follow-up
allows clinicians to monitor disease activity, adjust
treatment, and detect adverse drug effects early, and
children who receive systemic glucocorticoids need
regular checks of linear growth [20].

e Pharmacological Therapy

Nonsteroidal anti-inflammatory drugs (NSAIDs)
inhibit cyclooxygenase, the enzyme that produces
prostaglandins, and so relieve pain and
inflammation. The ESC guidelines name aspirin or
another NSAID, combined with colchicine, as first-
line treatment for acute pericarditis [11], and
NSAIDs are among the first-line drugs for lupus
pericarditis [27]. They can cause gastrointestinal
injury, kidney dysfunction, and hypertension [28],
adverse effects that matter in children with lupus
nephritis.

Hydroxychloroquine (HCQ) modulates the immune
response and dampens inflammation. The 2023
EULAR recommendations advise HCQ for all patients
with lupus at a target dose of 5 mg/kg of real body
weight per day [29], and the SHARE recommendations
make HCQ standard therapy for every child with
lupus [20]. Patients with SLE who take HCQ show
reduced platelet activation and healthier vascular
function [30]. The risk of retinal toxicity grows with
dose and duration of use, so prescribers should keep
the daily dose at or below 5 mg/kg of real body
weight and arrange regular retinal screening [31].

Glucocorticoids bring inflammation under rapid
control. Clinicians adjust oral prednisone to disease
severity, and for severe organ disease, including
lupus nephritis and serositis, they often start with
intravenous methylprednisolone pulses before
switching to oral therapy. Prolonged use impairs
growth and causes obesity, hypertension, and
dyslipidemia, so the dose should come down to the
smallest amount that keeps the disease controlled.
In adults, EULAR advises maintenance doses of 5
mg/day prednisone equivalent or less, with
withdrawal when possible [29]. If the prednisone
dose cannot be reduced in a child, the SHARE

recommendations advise adding a disease-
modifying drug [20].
Immunosuppressive  agents  control  organ-

threatening disease and spare glucocorticoids. For
active lupus nephritis, EULAR names glucocorticoids,
mycophenolate, and low-dose intravenous
cyclophosphamide as anchor drugs, with belimumab
or calcineurin inhibitors as add-on options.
Maintenance therapy and particular organ
manifestations call for azathioprine, methotrexate,
or a calcineurin inhibitor such as cyclosporine, and
clinicians reserve cyclophosphamide and rituximab
for organ-threatening and refractory disease [20,29].

Anticoagulants prevent the formation and extension
of blood clots. Warfarin lowers the hepatic
production of vitamin K-dependent coagulation
factors [32]. Heparin takes effect at once: it binds

antithrombin and speeds its neutralization of
thrombin and factor Xa [33]. In SLE, anticoagulation
serves patients with thrombotic events, above all
those with antiphospholipid syndrome [29].

Supportive therapy addresses the cardiovascular
and renal consequences of the disease. In lupus
nephritis, raised blood pressure and urinary protein
loss respond to antihypertensive treatment, with
drugs that block the renin-angiotensin system, such
as angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers, as the preferred
agents. Diuretics relieve fluid overload, and kidney
failure requires kidney replacement therapy [29].

CONCLUSION

Cardiac involvement in SLE can affect the
pericardium, myocardium, valves, conduction
system, and coronary vessels. Immune-complex
deposition, endothelial activation, excess type I
interferon, neutrophil extracellular traps, and
antiphospholipid antibodies explain much of this
damage. Many lesions cause no symptoms, so ECG
and echocardiography at diagnosis, as the SHARE
recommendations advise, together with periodic
reassessment, form the basis of early detection in
children. Treatment rests on HCQ for every patient,
glucocorticoids at the smallest dose that controls the
disease, immunosuppressive agents for organ-
threatening disease, and anticoagulation when
thrombosis occurs, supported by cardiovascular and
renal care and tailored exercise. Pediatric data from
Southeast Asia remains scarce, and prospective
multicenter studies would clarify the frequency,
determinants, and outcomes of cardiac involvement
in cSLE.
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