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. INTRODUCTION

Although paediatric cardiology and rheumatology are formally separate subspecialties in most clinical
centres, they are nevertheless imbued with their competencies in different ways and at different levels from
foetal to adult age. Most of the entities described in the rheumatology chapters have common features; unknown
causes, hereditary predisposition, need for a stimulus trigger, auto aggression and self-limitation, self-
perpetuation, overlapping of different entities and numerous consequences on the cardiovascular system. Due to
the large number of rheumatological and immunological entities, rheumatic fever and juvenile idiopathic
arthritis are not described, and special chapters are dedicated to those diagnoses that leave the most severe and
even fatal consequences on the cardiovascular system: systemic lupus erythematosus, ant phospholipid
syndrome, systemic scleroderma, Kawasaki disease, polyarteritis nodosa and some forms of granulomatous
vasculitis. We especially highlight the occurrence of complete congenital atrioventricular block (CCAVB) in
pregnant women who develop characteristic ANA antibodies (anti-SSA/Ro and/or anti SSB/La) due to systemic
connective tissue diseases (SLE, Sjogren sy., MCTD), but are also likely to have the same inflammation within
the heart that leads to the development of restrictive cardiomyopathy associated with CCAVC. We must not
forget pulmonary hypertension, which is intertwined with paediatric cardiology, not only on a clinical level, but
also on a classification basis, in similar or the same signalling pathways at the level of small blood vessels of the
lungs and/or heart, and concepts that penetrate at the level of the inflammatory process ( chronic inflammation),
self-perpetuation after triggering and mechanisms of disturbed balance (homeostasis of vasoconstriction and
vasodilatation, prothrombotic and antithrombotic factors, maintenance of apoptosis functions, clarification of
pericyte function, etc.). The treatment of both cardiac and rheumatic diseases includes similar or the same drugs
due to the knowledge of the mechanisms of the occurrence of cardio-pulmonary and rheumatic diseases, both in
children and in adults. We hope that this review will have a positive effect on the development of teamwork and
increase their overall awareness of the consequences of rheumatic diseases on secondary changes in the
cardiovascular system.

Cardiac changes in rheumatic entities other than neither rheumatic fever nor juvenile idiopathic arthritis
CARDIOVASCULAR DISEASES IN SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) was first described in 1872 (Kaposi). Verrucous vegetations on
the heart were described in 1924 (Liebman, Sacks) and associated with SLE only in 1940 (Gross) (1,2). Over
time, it was realized that SLE can be accompanied not only by non-bacterial verrucous endocarditis, but also by
pericarditis (30-50%) and myocarditis (50-75%), but also by arrhythmias (conduction disorders), coronary
diseases (coronary arteritis), premature coronary atherosclerosis and arterial hypertension. With the
development of diagnostic methods and analysis of myocardial biopsies (Dallas's criteria) (3-5), a more
thorough analysis of the forementioned changes is being approached, which in today's conditions is studied at
the level of molecular genetics, analysis of homeostatic mechanisms, immunogenetics and electron-microscopic
examination of cardiac structures after biopsy (4 ,5). Thanks to the possibilities of echocardiographic analysis,
bacterial endocarditis (vegetation) can be distinguished very well from non-bacterial verrucous endocarditis
where verrucous formations are located on the atrial surface of the mitral valves (3). Hypertension secondarily
burdens the heart with lupus nephritis. According to some studies from 1992 (6), heart lesions in SLE were
diagnosed by echocardiography in 57% of patients, most of them on the valves. If a patient with SLE also has
antiphospholipid antibodies, mitral valve lesions with consecutive insufficiency are more common. An
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increased prevalence of endocardial lesions with valvular regurgitation was found in patients with
antiphospholipid antibodies. For this reason, it is concluded that with the existence of antiphospholipid
antibodies, valvular diseases are becoming more common, and echocardiography is considered an indispensable
method in the proper monitoring of these patients. According to evidence that autoantibodies damage heart
structures such as valves, pericardium, conduction system and coronary arteries in patients with SLE,
antiphospholipid syndrome (ASP), Sjogren's syndrome (SS) and other autoimmune diseases, cooperation with
cardiologists is inevitable. Indeed, cardiovascular diseases are considered to the main cause of morbidity and
mortality in SLE as well as APS, and many factors indicate an accelerated development of atherosclerosis (7).

In the following description, we will consider traditional and non-traditional risk factors in SLE patients with
special reference to atherosclerosis, endothelial disfunction and the importance of antibodies.

Atherosclerosis and inflammation: In recent decades, it has been realized that the activation of
monocytes, macrophages, T-cells, and cytokines play an important role in atherogenesis, and the role of CRP is
also considered. In addition, autoantigens and autoantibodies have also important role in atherogenesis in
general population (7, 10).

Endothelium and Atherosclerosis: Endothelial dysfunction is a key event in atherogenesis and appears
before the histopathological evidence of atherosclerotic lesion, cause of regulation of local blood vessels
function like vascular tone, cell adhesiveness, coagulation, inflammation, and permeability. Additionally,
vascular inflammation may encourage systemic inflammation as an important mechanism in atherogenesis (11,
12). During the initial stages of atherosclerosis, monocytes and T cells adhere to the intact endothelium of the
blood vessel wall. Several adhesion molecules can promote monocyte adhesion, including intercellular adhesion
molecule 1, vascular cell adhesion molecule 1, and selectin. (7, 10). These adhesion molecules are surface
proteins, and they induce pro-inflammatory mediators, such as tumor necrosis factor alpha (TNF-a), interleukin-
1 (IL-1) and C-reactive protein (CRP) (7, 10-12,13).

Inflammation and atherosclerosis in general population: Systemic inflammation, especially CRP, has
been associated with cardiovascular disease (CVD) risk in the general population. CRP has an important role in
atherogenesis of normal population, both in the early initiation of atherosclerotic lesions and in the conversion
of stable to unstable plaques. The biological effect of CRP on atherosclerosis has proatherogenic properties by
being capable of activating the complement system, inducing endothelial production of monocyte chemotactic
proteinl and secretion of endothelin-1and interleukin 6 (IL-6). Epidemiological and clinical studies have shown
strong and consistent relationships between markers of inflammation and risk of future CVD events. Therefore,
CRP levels may be considered an independent risk factor for myocardial infarction and stroke in men with and
without other traditional risk factors (7, 14). The strong predictive value of CRP can be explained by its long-
term stability during dormancy of inflammatory disease, enhanced activity along with inflammatory disease, and
independence in age and sex (7, 15).

Autoantigens and atherosclerosis: Numerous autoantigens and their corresponding autoantibodies have
been involved in the pathogenesis of atherosclerosis (16). A cellular immune response specifically reported
against heat shock protein, oxidized low-density lipoprotein, and PB2-glycoprotein-1 has been reported,
suggesting direct involvement of these molecules in atherosclerosis (17). It is believed that there are several
such specific cell lines that react with specific antigens that can modulate atherosclerosis pro-atherogenic or
anti-atherogenic.

Heat shock Proteins (HSP60/65) are a group of proteins that are involved in response to stress factors

and may therefore become a target for autoimmunity (18). There are clinical, subclinical, and experimental data
that anti-HSP60/ 65 has a proatherogenic role. Patients with high levels of anti-HSP65 were found to be at
increased risk of subsequent cardiovascular events and cardiovascular mortality (26, 27). Furthermore, patients
with sonographic evidence of carotid atherosclerotic lesions had significantly elevated levels of anti-HSP65
when compared to control group (19).
Antiphospholipid antibodies are a heterogeneous group of autoantibodies, including anticardiolipin antibody
(ACL) and lupus anticoagulant (LAC), generally targeted to phospholipid-binding proteins (18). They can be
found in human atherosclerotic lesions derived from carotid endarterectomies, are abundantly expressed within
subendothelial regions and the intimal-medial border of human atherosclerotic plaques and localize with CD4-
lymphocytes (19,20).

Systemic lupus erythematosus and atherosclerosis.

SLE is an autoimmune disease with various clinical forms manifestations that occur predominantly in
young women (16). In the general population, atherosclerosis is more common in the elderly (21). The high
incidence of atherosclerosis in young women with SLE was originally recorded in Bulkley’s Roberts autopsy
studies (22)1975. Urowitz et al. (23) described the bimodal distribution of causes of death in SLE: “early” peak
caused by increased SLE activity or infections, and "late" peak caused by cardiovascular complications.
Atherosclerosis in SLE patients is not only more frequent, but also has accelerated development compared to
other SLE populations (16, 24). It is considered that the reason in
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deposition of the immune complex in the vascular wall with consequent intimal damage and rapid rupture, but
only in more severe forms of SLE (25,26). It is assumed that the deposition of the immune complex causes
initial intimate damage, which is the reason for the accelerated development of atherosclerosis. (25). According
to some authors, SLE has a negative impact on the development of cardiovascular and other complications only
in subgroups of patients with SLE. It may be the case that CVD as well as many other manifestos (26).
Additional research is needed to clarify the dilemmas.

Cardiovascular risk factors in SLE

The prevalence of clinically manifest ischemic heart disease ranges between 8% and 16% in various
studies (27,28,29). Perfusion abnormalities are found in up to 38% of adult patients with SLE (29) and in 16%
of children (30). Atherosclerosis has been shown to promote age and disease duration. (31), so the difference
between traditional and non-traditional factors in the development of atherosclerosis and CVD is considered.
For example, hypertension, because of renal impairment is known to be an important factor in the development
of CVD in patients with SLE (32). Treatment with high doses of prednisolone is also an important non-
traditional risk factor for CVD (33), but additional factors should be considered (34). Non-traditional risk factors
in SLE include kidney disease and corticosteroid use. An association between renal disease and the prevalence
of risk factors for CAD has been reported in several studies (35,36). Although the occurrence of coronary artery
disease (CAD) is associated with the use of glucocorticoids, CAD is also found in patients with SLE who have
never been treated with steroids (37). Other disease-related factors are inflammatory mediators that are released,
because of chronic systemic inflammation associated with SLE, an endothelium-mediated immune complex cell
damage and antiphospholipid antibodies (38). In patients with SLE, serum anti-HSP65 antibody concentrations
are heterogeneous and inconclusive (39). The results available so far are too inconsistent to allow this any final
conclusions about the role of inflammatory mediators in premature atherosclerosis. SLE is thought to be
considered an independent cardiovascular risk factor. The contradictory nature of the available data to date does
not allow conclusions to be drawn about the pathophysiology of accelerated atherosclerosis in patients with SLE
or so additional prospective studies are needed (38).

In our prospective study, we examined organ damage in children with SLE for 29 years and found
organ damage in 50% of children after 6 years of illness. The first organ systems to become damaged in affected
patients was ocular (43%), followed by musculoskeletal (23%) and central nervous system (CNS) (14%), renal
(7%), cardiovascular (7%) and finally by peripheral vascular system (2.3%) and diabetes (2.3%). Moreover,
seizures were the most frequent feature of CNS damage, whereas cardiomyopathy was the most frequent feature
of cardiovascular damage (40).

CARDIAC MANIFESTATIONS IN PRIMARY FORM OF ANTIPHOSPHOLIPID SYNDROME

Antiphospholipid syndrome (APS) is an autoimmune disease due to the presence of antiphospholipid
antibodies (APL) which causes arterial and venous thrombosis, and in pregnancy causes recurrent foetal loss
and placental insufficiency (41). The antibodies found in these patients are lupus anticoagulant (LAC),
anticardiolipin antibody (ACL), and antif32-glycoprotein I (32 GPI) antibody. For clinical implications, not only
their presence but also the trigger is required, and most often it is an infectious agent (42). APS occurs as a
primary disorder (PAPS) or as a secondary to another autoimmune disease (SAPS), most commonly systemic
lupus erythematosus (SLE). Complications due to clotting are more common in SAPS than in the isolated form
(43). Although due to the nature of the underlying disorder (coagulation) different organs may be affected, here
we look primarily at the cardiac manifestations of PAPS. The most common cardiac manifestations are
valvopathies due to valve thickening, including thrombotic endocarditis (Liebman-Sacks endocarditis) and
coronary artery disease (CAD). Other clinical manifestations are myocardial dysfunction, pulmonary
hypertension and intracardiac thrombosis. The primary treatment for PAPS is anticoagulant therapy. The basic
clinical manifestations of PAPS on the heart will be presented here.

Heart valve disease in APS Heart valve disease (HVD) in PAPS is manifested by moderate
insufficiency, primarily of the mitral and aortic valves, and in the absence of a history of RF and infective
endocarditis (41). Valve lesions in APS are manifested by their thickening (> 3mm) and vegetation (Liebman-
Sacks endocarditis). Irregular nodules also appear on the atrial side of the mitral and aortic sides of the aortic
valve (42,43). Some studies have shown that one-third of patients with APS have HVD when assessing TTE
(44, 45), and up to 60% when assessing TEE (46, 47). The association and difference of valvular changes in
SLE-SAPS and PAPS should also be investigated. Pathohistological changes in HVD are nonspecific and
include fibrosis, calcification, vascular proliferation, verrucous thrombosis, and intra-valvular capillary
thrombosis (47). Microscopically located on deformed valves with APS deposition of immunoglobulins
including ACL (IgG) and complement components, along the outside of the cusp. It is possible that APL may
cause a subendocardial inflammatory process through interaction with antigens on the valve surface creating
irregular nodules (48). Thrombosis occurs, and inflammation subsequently leads to fibrosis and calcification and
finally to valve deformation (49). Some studies show that 24% of patients with RF have positive anti-
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pathohistological changes in CVD are nonspecific and include fibrosis, calcification, vascular proliferation,
verrucous thrombosis, and intra-valvular capillary thrombosis (47). Microscopically located on deformed valves
with APS deposition of immunoglobulins including ACL (IgG) and complement components, along the outside
of the cusp. It is possible that APL may cause a subendocardial inflammatory process through interaction with
antigens on the valve surface creating irregular nodules (48). Thrombosis occurs, and inflammation
subsequently leads to fibrosis and calcification and finally to valve deformation (49). Some studies show that
24% of patients with RF have positive anti-B2GPI, and that patients with PAPS have antistreptococcal activity,
recognizing M-protein in 16.6% of cases. This means that there were significant overlaps in humoral immunity.
It was also found that 80% of patients in the acute phase of RF have positive ACL antibodies (49,50). Therefore,
further studies are expected in the assessment between lesions on the valves in RF and APS.

Tablel. Summary of cardiac involvement in APS (Pons-Estell Gi et al. J Autoimmun 2017)

Coronary artery disease

-Asymptomatic atherosclerosis 15% 30-35%
-Myocardial infarction 1,2% 3,8%
Valvular disease 33% 40-50%
Non-bacterial thrombotic

vegetations

Valvular fibrosis and thickening

Valvular regurgitation

Myocardial dysfunction No reliable data No reliable data
Diffuse cardiomyopathy

Diastolic dysfunction

Intracardiac thrombosis No reliable data No reliable data
Pulmonary hypertension 1-5,7% 0.5-14%

Coronary artery disease in APS. Atherosclerosis. The causes of atherosclerosis in APS compared to other
atherosclerosis-related diseases (SLE, DM) are still the subject of scientific studies. Atherosclerosis leading to
high cardiovascular morbidity and mortality mainly affects the younger population. (51, 52). Studies to assess
the presence of accelerated atherosclerosis in PAPS of patients are inconclusive (52).

Venous thrombotic events with LAC are predominant in PAPS patients, while peripheral, coronary, and carotid
thrombosis are more common in patients with significantly elevated 1gG or IgM ACL titers (53). Similar results
were found on the lack of association between ACL and antip2GPI antibodies and accelerated atherosclerosis in
a group of rheumatological patients who underwent coronary heart disease with surgical considerations (46).
Various studies have confirmed this the presence of autoantibodies directed against serum lipoproteins. If their
level is high, a cross-reaction occurs (55,56).

Myocardial infarction: First description of myocardial infarction (57) prompted further research. It occurs more
frequently in women (58), and acute myocardial infarct (AMI) with APS usually in the 4th decade of life (59)
and most authors emphasize normal coronary angiography (58,60). It is more common in the APS-SLE group
(3.8%) compared to AMI in PAPS (1.2%), but patients with PAPS die in 10% of cases, while patients with
APS-SLE do not die from a heart attack. Some authors find normal coronary angiography in SLE-APS, but
coronary obstruction in 25% of patients with PAPS, so this may be considered a cause (62).

Accelerated atherosclerosis of the coronary arteries, microvascular damage and coronary thromboembolism can
lead to ischemia. Coronary embolism is a major cause of Ml in young people (63).

Myocardial dysfunction: Distinguishing primary myocardial disease from other common causes of damage
(diabetes mellitus, hypertension) is not always easy. Antibodies in the myocardium can cause ventricular
dysfunction in APS. Coronary artery thrombosis and / or microvascular thrombosis it can also lead to ventricular
dysfunction associated with APS causing myocardial ischemia (64, 65). Patients with SLE-APS have more
frequent diastolic LV dysfunction, and PAPS systolic LV dysfunction (66, 67). Diffuse cardiomyopathy is less
common in APS. In some cases, autopsy revealed widespread occlusive micro thrombosis of the small
myocardial arterioles and the area around the affected myocardial microinfarction, leading to extensive
myocardial necrosis (68). In one study, there was a significant correlation between high titter of ACL IgM and
heart failure (69, 70).

Pulmonary hypertension. Venous thromboembolism is the most common manifestation of APS, with a very
high risk of recurrence. If pulmonary embolism (PE) is associated with APS, chronic thromboembolic
pulmonary hypertension (CTEPH) often occurs (71), which is the predominant non-valvular cardiac
manifestation of APS. However, CTEPH itself is very rarely the cause of death (61). However, over time, right
ventricular loading occurs with isolated tricuspid regurgitation and secondary pulmonary hypertension, which
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may ultimately be the cause of right heart failure. Recurrent embolism, in situ thrombosis, immunologically
mediated damage to the capillary endothelium of the small pulmonary vessels (arterioles) leads to progressive
remodelling mediated by endothelinl. Such conversion to CTPEH by PAPS is slightly more than 3% of patients
(72,73).

Intracardiac thrombus: Intra-cardiac thrombus is a rare but potentially life threatening. The overall

prevalence of intra-cardiac thrombi was 1.8% (74). Some reports describe thrombi appearing in all four cardiac
chambers (75). Thrombotic micro-vasculopathy appears to add to myocardial ischemia with clot formation (76).
Also, severe myocardial dysfunction may be the reason for the formation of LV thrombus in APS. High levels
of ACL (IgG) were found in intracardiac thrombi (77).

Summary: We have described the cardiac manifestations of APS. APS is a multi-organ autoimmune disease
with various cardiac manifestations. Valve involvement was the first reported cardiac manifestation of APS,
including valvular thickening, valve nodules (also referred to as non-bacterial vegetations or Liebman-Sacks
endocarditis) and valvular regurgitation/stenosis. APS is presumed to be associated with accelerated
atherosclerosis of peripheral and coronary arteries: APL induces activation of endothelial cells, and thus may
play a direct role in the process of atherogenesis. Other cardiac manifestations, in the form of myocardial
dysfunction, pulmonary hypertension and intracardiac thrombi are less common. To date, a classification system
that can distinguish the cardiac manifestations in PAPS from SAPS has not yet been established. We
recommend that all APS patients with evidence of HVD to be screened for SLE. We recommend performing
TTE in every APS patient as an initial evaluation. Due to the high prevalence of cardiac involvement in APS,
clinicians should have a high index of suspicion, in the attempt to minimize cardiovascular complication rates.

NEONATAL LUPUS SYNDROME, COMPLETE ATRIOVENTRICULAR BLOCK AND
RESTRICTIVE CARDIOMYOPATHY.

Definition. Neonatal lupus erythematosus (NLE) is a foetal disease caused by specific maternal autoantibodies
directed against a group of small cytoplasmic and nuclear ribonucleoproteins and their associated ribonucleic
acid proteins, which in the literature are called Ro-RNP or just Ro particles. Passive transfer of autoantibodies
from mother to foetus is not sufficient for the development of symptoms because genetic and environmental
factors are involved. Permanent changes remain only on the foetal heart as complete congenital atrioventricular
block (Complete congenital AV-block CCAVB) - with cardiomyopathy (or without it). Mothers do not have to
have clinical symptoms of systemic disease to carry the responsible antibodies (78).

Auto antigens, possible environmental and genetic factors. In 1985, Rechlin et al. found two autoantigens in
the serum of patients with SLE and named them after the two patients in whom they were found (Robert-Ro and
Lanne-La). It turned out that as early as 1975, Alspaugh and Tan found identical autoantigens in patients with
Sjogren's syndrome (SS), and named them SS-A and SS-B. That is why even today these antigens are
designated as anti-SSA/Ro and anti SSB/La. The 52 kDa Ro / SS-A antigen can bind via protein-protein
interaction using the leucine zipper region located between amino acids 276 and 318 of the Ro60 antigen. While
the function of the 60 and 52 kDa Ro is not yet known, the La protein is known to serve as a transcription
termination factor for RNA polymerase 111 (79,80).

Antibodies to the mentioned antigens begin their transplacental transition into the foetal circulation in
the 16.-th week of pregnancy and are three times more abundant in the foetal heart than in other tissues. They
have at least three effects in the foetal heart: 1) inflammation (myocarditis); 2) arrhythmogenic effect; 3)
apoptosis disorder. Pan carditis (endo-myo-pericarditis) leads to consequent fibrosis of the conduction system,
which is clinically manifested as CCAVB. Along with numerous other studies, it is necessary to highlight the
study by E. Miranda et al. who examined the movement of these antigens in apoptotic myocardial cells grown in
culture. It is known that apoptosis, as a natural "cell death”, plays an important role during embryogenesis in the
morphological and functional maturation of organs. It seems that the described antibodies bind to apoptotic
cells, which is a stimulus (trigger) for an inflammatory response that damages the surrounding tissues. However,
despite numerous studies, many ambiguities remain, and the genetic background is only of theoretical
significance, although there is confirmation of systemic connective tissue diseases dependent on the HLA
system and the stimulating factor (81-83). When we talk about the inflammatory process induced by an
unknown factor, progressive inflammation, disruption of apoptosis and other balance mechanisms, we use the
terms used in the basics of paediatric cardiology, rheumatology, and pulmonology (pulmonary hypertension).

Pathogenesis of complete atrioventricular block. There is only a working hypothesis. Molecular
elucidation of the link between anti-SSA / Ro or anti-SSB / La antibodies and heart damage is a challenging task
when said antigens are found intracellularly. Apoptosis seems to be a critical part of this process. Maternal anti-
SSA / Ro and anti-SSB / La antibodies in foetal circulation can unexpectedly redirect normal cleaning apoptotic
cardiomyocytes with healthy cardiomyocytes towards cleaning wat macrophages (via FcR), which release
inflammatory and/ or fibrosing cytokines. Elements of these guidelines include macrophages (representatives of
inflammatory components) and fibroblast (representatives of scarring) (84).
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Epidemiology. In children with a structurally healthy heart, the occurrence of CCAVB is almost always
associated with the presence of anti-Ro/SSA and anti-La/SSB antibodies in the mother's serum. It occurs with an
incidence of 1:14,000-1:20,000 live births and is thought to be caused by the transplacental transfer of the
described maternal antibodies in 90% of cases. From PSG, CCAVB is found in left atrial isomerism, 1-TGA and
rarely in CCAVC, due to abnormal morphogenesis of conducting cardiac musculature. Congenital AV block
usually develops between 16 and 24 weeks of pregnancy, which coincides with an increase in the transplacental
transfer of maternal antibodies into the foetal circulation. Judging by the findings of foetal echocardiography,
more than 30% of children with CCAVB die during pregnancy, so it is possible that some of these children
belong to the NLE syndrome.

Pathology. In the following pathohistological findings, there is a fibrous transformation of the tissue of the
atrioventricular node with calcification, and the distal part of the conduction system is normal. In some patients,
this process is extended to other parts of the endo-myocardium with a morphological and hemodynamic picture
of fibroelastosis. All available knowledge includes the following factors: 1. maternal autoantibodies are a central
factor in pathological events in the foetal myocardium, 2. an alternative antigen that reacts with maternal
autoantibodies can primarily be localized in the centre of the heart cell, but can be transferred by spontaneous
spread of inflammation to the whole heart, 3. the antigen-antibody reaction is probably not sufficient for the
development of a sui generis inflammatory process, but the influence of environmental and genetic factors is
assumed, 4. described effect of anti-Ro is manifested by the disruption of calcium transport in cardiomyocytes,
and the cross-reaction of autoantibodies with protein receptors of calcium channels leads to consequent fibrosis
(85). Here, too, the basic events are mentioned in identical pleonasms with events in other cardio
rheumatological diseases.

Clinical approach to complete atrioventricular block in NLE syndrome. Thanks to foetal echocardiography,
the appearance of early foetal bradyarrhythmia raises the suspicion of the possible development of CCAVB as
early as the 15th gestational week. Complete AV-block develops gradually from the lengthening of the PQ
interval to the final occurrence of CCAVB in the 20th week of pregnancy. Arrhythmia should be monitored by
foetal echocardiography (M-view and Doppler view), and a call or/and negative history requires a simultaneous
laboratory finding of anti-SSA/Ro and anti-SSB/La antibodies. Every pregnant woman with a suspected (or
already proven) systemic connective tissue disease (SS, SLE, MCTD) must report for a foetal cardiology
examination before the completion of 15 weeks of pregnancy in order to start appropriate therapy in time (see
table 2). The finding of corrected transposition of large blood vessels and left atrial isomerism should certainly
be ruled out. According to the available studies, it seems that CABD develops in only 10% of children with the
described predisposition, but the lesions are permanent if the development of CCAVB is not stopped with the
use of dexamethasone (85, 86).

Treatment of congenital heart block. In case of any suspicion (especially proven), early treatment of CAVB
with glucocorticoids (dexamethasone and betamethasone) should be started. If foetal bradycardia below 55/min
develops badly, hydrops and pericardial effusion appear, so administration of B-adrenergic stimulants is
recommended. Experience shows that the use of dexamethasone for 4 weeks (from 16-20 weeks of gestation)
does not have any consequences on the development of the foetus, but there is an extensive debate about the
treatment of children during pregnancy while there is no CCAVB, as well as after pregnancy in the case of
already existing complex atrioventricular block (87, 88), 89). In addition to the links between cardiology and
rheumatology described here, special importance should be given to other aspects related to embryonic age, i.e.
the foetal period, and this primarily refers to the relationship between methotrexate and folic acid in the
periconceptional period (two months before and two months after conception) and on the relationship between
ductus arteriosus and anti-prostaglandin drugs in late pregnancy. There are other important aspects of
rheumatology in pregnancy, not only regarding the influence of rheumatic diseases and drugs on the embryo and
foetus, but also the influence of these factors on the pregnant woman. We hope that in the future we will think
about these problems together.

Table 2. Recommended therapeutic approach to a complete foetal heart AV-block (Ref 89.).
Clinical Condition Treatment

Degree of AV block
e Grade 3 (> 3 weeks from diagnosis) |e ECHO 1x per week, treatment is not necessary.

e Grade 3 (<3 weeks from diagnosis) |e Dexamethasone 4 mg / day orally for 6 weeks. If there is

e Alternation of 2nd and 3rd degree no improvement, gradually discontinue, and if there is
blocks improvement, continue until delivery.

e 2nd degree block or mechanical [¢ Dexamethasone 4 mg / day for 6 weeks. If the block
extension of PR intervals goes to level 3, gradually discontinue, and if a 2nd

e AV-block with initial signs of degree block remains, continue until deliver.

myocarditis, heart failure and / or [¢ Dexamethasone 4 mg / day until delivery, then
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foetal hydrops discontinue gradually. If the block progresses to grade 3,

e  Severe foetal hydrops phased out if block lasts longer than 6 weeks.

e Dexamethasone 4 mg / day until improvement, then
discontinue gradually.

e Dexamethasone 4 mg / day with maternal
plasmapheresis to remove maternal antibodies. Consider
the use of digoxin and diuretics. Childbirth when
assessed that the foetal lungs are mature enough.
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Fig 1. Permanently complete atrioventricular block in a child born with neonatal lupus syndrome who
did not receive adequate prophylaxis between the 15th and 20th week of pregnancy (85).

PRIMARY CARDIOVASCULAR DISEASE IN SYSTEMIC SCLERODERMA

Systemic scleroderma (SSc) directly affects the muscular system (myositis), the heart (restrictive
cardiomyopathy), coronary artery disease, conduction disorders (arrhythmias), serous membranes involvement
(pericarditis), and indirectly the development of pulmonary hypertension (due to left heart disease - PAH/LHD)
and arterial hypertension due to nephropathy. Previously, 20-25% of patients with SSc had symptoms arising
from the cardiovascular system (90,91), but this number has increased significantly with the introduction of new
diagnostic methods (thallium myocardial scintigraphy, single-photon emission computed tomography (SPECT)
and MRI) (90, 91, 92). Myocardial biopsy analysis is also used in the diagnosis of cardiac changes (93). An
echocardiographic examination can undoubtedly assess the functional state of the myocardium in patients with
SSc, and thus determine adequate drugs therapy (ACEi, beta-blockers, aldosterone antagonists, calcium channel
antagonists). According to the sensitivity of mentioned methods, today it is considered that as many as 46% of
patients have limited systolic function during exercise, and 15% at rest (93). The evaluation and interpretation of
the right ventricular function and the assessment of pulmonary vascular resistance (IpcPAH or CcpPAH) are of
particular importance, so it is reasonable the treat the patients with SSc in close collaboration with
rheumatologists and cardiologists.

Reports of cardiac involvement in systemic scleroderma according to large, randomized studies; The
degree and intensity of changes in the heart according to the modified Metzger criteria can be found in Table 3.
A modified Metzger severity scale (94) classifies the severity of organ involvement and is predictive mortality
(95). The study reported 12.6% of 103 patients (66% had mild cardiac involvement, 7.8% moderate, 1.9%
severe and none had end-stage cardiac disease (96).

Table3. Metzeger severity scale for cardiac involvement with systemic scleroderma

Grade Characteristics

O involvement Normal ECG, LVEF>50%

1 (Mild) Conduction defects on ECG, LVEF 45-49%

2. (Moderate) Arrhythmias on ECG, LVEF 40-44%

3. (Severe) Arrhythmias requiring treatment on ECG, LVEF 30-40%
4. (End-stage) Congestive heart failure, LVEF< 30%

Steen and Metzeger reported that 15% of 913 patients with SSc in a prospective study developed
severe heart disease, which they defined as cardiomyopathy with a decrease in LV ejection fraction (LVEF) and
symptoms of CHF, symptomatic pericarditis (pericardial pain), cardiac decompensation from effusion or
arrhythmia attributable to SSc requiring treatment (97) They also commented that those who developed severe
cardiac involvement were more likely to do so in the first 3 years of disease onset.

The nature of cardiac disease reported varied. Palpitations were commonly recorded (98), along with
pericarditis and pericardial effusions (100). Many studies reported abnormalities in conduction, from bundle
branch block [99) to arrhythmias requiring intervention, others only reported any abnormality in ECG. Further
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manifestations included cardiomegaly (99, 100), diastolic dysfunction and abnormal LVEF (101). No case study
differentiated SSc-cardiomyopathy from idiopathic heart disease IHD) when reporting cardiac morbidity.
Eloranta et al. (102) included myocardial infarction in their definition of cardiac involvement, reporting cardiac
involvement in 39% of their 70 patients-cohort.

Association of other features with myocardial disease. Although the literature is limited, it appears men may
have a greater risk of SSc-cardiomyopathy (103). Cardiac involvement may be more prevalent in black patients
with SSc (104). Other studies suggest no difference in prevalence across Caucasian, Asian, and Hispanic groups
(105, 106).

According the different outcomes of large studies, different diagnostic approaches and secondary diseases, SSc
includes dangerous heart diseases, primarily cardiomyopathy (possibly a restrictive type due to diastolic
dysfunction), and more multicenter, randomized studies are expected in the future.

KAWASAKI DISEASE

Kawasaki disease (KD) is a self-limiting acute vasculitis which was first described by Japanese pediatrician
Tomisaku Kawasaki in 1967. KD is systemic vasculitis that primarily affects small and medium-sized arteries in
almost all organs. To this day, the cause of the disease is unknown. The hypothesis of a superantigen leading to
upregulation of the immune response has been supported by some studies and refuted by others (107). The
same hypothesis appears in the discussion of nodular polyarteritis. It mainly affects children and young people,
and is more common in the Asian population, mostly in winter and spring (107). Cardiovascular consequences
are the leading cause morbidity and are responsible for almost all deaths because of coronary vasculitis
associated with a hypercoagulable condition, leading to myocardial infarction and sudden death. Despite severe
complications, the mortality rate in the acute phase of the disease is low (1%) (108, 109). The first changes in
the vascular endothelium spread sub endothelially with mononuclear infiltration of predominantly CD8 + T
lymphocytes integrity of the blood vessel and its aneurysmal transformation. In the acute phase, myocarditis,
pericarditis, and endocarditis (valvulitis) can be diagnosed within a few weeks, fibrous conversion of collagen
and elastic fibers begins, and the coronary artery becomes stenotic or occluded with additional consequent
thrombosis and previous formation of aneurysmal dilatations. (107-110). Independent of numerous diagnostic
and clinical criteria (Fever persisting at least 5 days, changes in extremities - erythema and edema of hands and
feet and subacute membranous desquamation of fingertips and periungual peeling, polymorphous exanthema,
bilateral, painless bulbar conjunctival injection without exudate, changes in lips and oral cavity, diffuse injection
of oral and pharyngeal mucosae, cervical lymphadenopathy usually unilateral) here we will look only at
cardiovascular changes.

Cardiovascular complications and imaging:

Cardiovascular complications are the leading cause of morbidity in KD (Table 4). Primary development
of coronary artery aneurysms (CAA) appears in the subacute phase in untreated children and occurs in 15-20%
of cases. Right coronary artery aneurysms (RCA) are prone to progressive dilatation, and those in the left
coronary artery (LCA) are more prone to focal stenosis [107-110, 112,113).

Table 4: Cardiovascular manifestation of CD.
Manifestations (in order of frequency):
Coronary artery aneurysms

Myocarditis

Pericarditis with pericardial effusion
Systemic arterial aneurysms

Valvular disease

Mild aortic root dilatation

Myocardial infarct

Myocarditis is the most common non-coronary complication and is present in 50-70% of patients in the
acute phase (108). Pericarditis with pericardial effusion also often occurs in about 25% of patients in the acute
phase (114). Mitral regurgitation occurs in papillary muscle dysfunction and rupture of the chordae tendineae
(110), and myocardial infarction and valvulitis are found in only 1% of patients (114, 115). Aortic root
dilatation can be found in the acute phase as well as associated aortic insufficiency (114,115). Systemic arterial
aneurysms occur in approximately 2% of patients with KD, usually those who also have CAA [2]. The most
affected arteries are axillary, common iliac, internal iliac and subclavian. The peripheral aneurysms also tend to
regress, like to CAA 112, 116).

Echocardiography is the technique of choice in the assessment of clinical abnormalities because it is
non-invasive, widely available and has a high sensitivity for the detection of proximal abnormalities in the
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coronary arteries (108, 107). This primarily refers to measuring the dimensions of the proximal visible
enlargement of the coronary arteries. If this is not possible for technical reasons, and there are other indications
for suspected progressive coronary angiopathy, computed tomography (CT) and magnetic resonance imaging
(MRI) are included in the diagnostic process. Although selective coronary angiography remains the "gold
standard", however, should be avoided due to potential complications, especially in smaller children (118).
Conclusion. KD can be considered a systemic disease as self-limiting vasculitis of unknown ethology, so in a
broader sense it can also be considered a rheumatic disease. Most rheumatic diseases are of unknown ethology,
develop after an unknown trigger in a possibly immunodeficient organism, and have the character of auto
aggression and self-limiting. In KD, cardiovascular consequences are a major factor in morbidity and mortality
and should be treated in a team effort (infectologist, immunologist, rheumatologist, paediatric cardiologist and,
if necessary, cardiac surgeon). Attached are original images from my own experience (119).

Fig 2. Coronary angiography in an eight-year-old child with Kawasaki disease. The right coronary artery has a
giant aneurysm with a diameter greater than 8 mm, The left coronary artery in the same patient has a double
aneurysmal enlargement which is not larger than 8 mm. Obstructive stenosis develops between the two
aneurysmal dilatations.

)

Fig 3. Coronaropathy three years after overcoming KD. In the left main, the trunk LCA (LM) - shows severe
LAD stenosis proximal (arrow) and multiple stenosis on the long segment behind it. It is also displayed
pathological dilatation of the CX (head arrow). Second projection; proximal stenosis of the LAD (arrow),
proximal dilatation of the CX (head arrowhead), multiple stenosis of the LAD on the long segment, distant
minor aneurysmatic capillary changes distally.
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Fig 4: MR coronary angiography in patients with KD. Aneurysmal enlargement of the right (black arrow) and
left coronary artery (white arrow). Dilated cardiomyopathy and myocardial infarction (arrow) in Kawasaki
disease.

Fig 5. X - ray of ischemic cardiomyopathy after overcoming Kawasaki disease) with severe arrhythmias (due to
of which the ICD is installed)

Conclusion. As cardiovascular sequelae are a major factor in morbidity and mortality cardiovascular imaging
plays a vital role in the evaluation of all patients with KD. Although echocardiography remains the primary
imaging technique in the evaluation of cardiovascular complications, especially in the acute phase, in selected
patients cardiac CT and MR allow a non-invasive and reliable assessment of cardiovascular complications, as
well as at follow-up, especially after childhood. Invasive coronary angiography should be reserved for patients
with more complex coronary lesions or for therapeutic measures.

Among the diseases that are basically called vasculitis syndromes, antiphospholipid syndrome
(leukocytoclastic vasculitis) and Kawasaki disease (systemic self-limiting vasculitis of unknown ethology) have
significant changes in the cardiovascular system-. Two other vasculitis entities with a large impact on the
cardiovascular system should be included here: nodular polyarteritis (vasculitis of small blood vessels) and
granulomatous ANCA-negative vasculitis of large blood vessels as well as Takayashu's arteritis (moya-moya
disease or pulse-less syndrome). Other vasculitis diseases that have less impact on the cardiovascular system
(especially in childhood) cannot be described in this review (120).

POLYARTERITIS NODOSA

Polyarteritis nodosa (PAN) as systemic necrotizing vasculitis was first described by Kussmaul and
Maier in 1866. Although more than a century has passed since its first recognition. According to the literature
data, it is most described as a “case report” in childhood. The heart disease is described at age 18-74 years
(average age 41.2 years). Only 26% (9/34) of patients who registered serious heart disease had a positive history
of childhood PAN. Coronary changes were so intense that as many as 35.3% (12/34) of patients experienced
cardiac arrest and only one survived. 73.5% of patients (25/34) were admitted to hospital due to acute coronary
syndromes, with chest pain and dyspnoea. The duration of cardiac manifestations from the beginning to the
diagnosis of coronary heart disease ranged from a few minutes to 1 year. (121)
The first ANCA-positive PAN was described in the domestic literature in 1996 and published in the
international press with proof of ANCA-positive antibodies (122) but a 26-year-old patient experienced a severe
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heart attack due to extensive changes in coronary arteries (123) According to the EULAR / PRINTO / PRES
guidelines, PAN (124) can be divided into four forms: 1) microscopic polyarteritis / polyangiitis manifested by
necrotizing glomerulonephritis and pulmonary capillarity’s and having positive antineutrophil cytoplasmic
antibodies (PAN) directed to myeloperoxide (2), which is associated with HBsAg and affects the renal arteries,
3) cutaneous polyarteritis that is restricted to the skin and has negative ANCA antibodies and 4) systemic PAN
that rarely has positive antineutrophil cytoplasmic antibodies (ANCA) ), and is manifested by necrotizing
arteritis of small and medium-sized arteries with organ involvement. Our patient certainly belongs to group 4.
Therefore, all ANCA-positive patients should be under permanent control for possible type 4 PAN- in whom
severe coronary heart disease is expected in adulthood.

Vasculitis involving the coronary arteries can lead to occlusion of a blood vessel and consequent acute
myocardial infarction. Myocardial infarction is rare in general in the younger population and even rarer as a
clinical presentation of nodular polyarteritis. However, patients in whom a clinical picture of PAN with positive
ANCA-P antibodies (type 4) has been identified are potential adult candidates for severe coronary heart disease.

Fig 6. Antineutrophil cytoplasmic antibodies (ANCA-P) (122)

Si. 2 St s,

Fig 7. 95-99% ostial stenosis of the anterior descending branch of the left anterior descending coronary
artery with stenotic extension of the proximal segment and chronic occlusion of the first diagonal branch
of the left descending artery.

VASCULITIS GRANULOMATOSA
(Takayashu arteritis, moya-moya disease, puls less syndrome)

Vasculitis granulomatosa is a group of diseases (Wegener's granulomatosis, Churg-Strauss syndrome and
Takayasu’s arteritis), and among them the greatest significance for the collaboration of rheumatologists and
cardiologists belongs to Takayasu’s arteritis whose symptoms are directed precisely to the level of the central
cardiovascular system. It is arteritis with segmental inflammation of the large arteries due to which their stenosis
and / or aneurysm dilatation develops. In the EULAR / PRESS classifications there are criteria for angiographic
abnormalities of the aorta and its branches, and there are angiographic classifications of Takayasu’s arteritis
from 1994 (125, 126).

Table 5. Proposed EULAR / PRES criteria for the classification of Takayasu arteritis in children

1. Reduction or disappearance of peripheral pulse on limbs

2. Arterial pressure difference more than 10 mmHg

3. Murmors over the aorta and its large branches

4. arterial hypertension (compared with normal values in children
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The 1994 classification of Takayasu arteritis was also published (125), and according to that classification we
followed our clinic in a large retrospective study on vasculitis from 2000-2012 (126).

Table 6. Angiographic classification of 1994 Takayasu arteritis

I.  Aortic arch branches

Ila.  Ascending aorta, aortic branch and its branches

Ilb. Ascending aorta, aortic arch and its trunks, descending aorta

I11.  Thoracic descending aorta, abdominal aorta and/or renal arteries
IV.  Abdominal aorta and / or renal arteries

V.  Combination of types IIB and IV

In our literature, an 11-year-old girl with changes matching the Takayasu arteritis type 1IB
classification; but by severe changes in the left coronary artery from sub-occlusion to complete occlusion.
Coronary arteries are not mentioned in the available classifications. Extensive cardiac treatment and serious
cardiac surgery in collaboration with rheumatologists and anti-inflammatory therapy of the broad spectrum
(methylprednisolone pulse therapy, chronic steroid administration - decortin, basic therapy with methotrexate
and biologics), undoubtedly argue that the separation of paediatric rheumatology and cardiology is impossible,
in fact, that their the new connection is strengthened by recognizing new entities and a modern approach to
hitherto incurable complications of rheumatic heart disease (127).

= -

Fig 8. A. Coronary CT angiography in patients with Takayasu's arteritis type Il. Occlusion of the main trunk of
the left coronary artery (arrow, LM - left main). B. Coronary atresia (LM) bypass of the right internal mammary
artery (RIMA). Properly passable right coronary artery (head arrow)

. - S :
Fig 9 (posteroanterior and lateral projection). Angiographic presentation of the bypassing of the occluded main
trunk of the left coronary artery (LM) using the right internal mammary artery (RIMA) to the circumflex artery
(Cx) (arrow). Contrast was injected into the right subclavian artery. Regular revascularization of the entire left
coronary basin by Cx retrograde is seen. A stent is also seen in the conduit from the ascending aorta to the left
common carotid artery (head arrow ) because sub-occlusion of the left common carotid artery.
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Fig 10. A. CT angiography in patients with Takayasu's arteritis type Il. B; sub-occlusive stenosis ACCS.
occlusion ASS, sub-occlusion ACD Condition after implantation of conductor between ascending aorta and left
ACCS with stent placement at stenosis site (white arrow), by-pass between left ACCS and left axillary artery
(green arrow), between ACCS and ACDx (blue arrow) and after implantation of a conductor between the right
subclavian artery and the right ACC (yellow arrow). B. Multiplanar reconstruction of CT angiography in
patients with Takayasu's arteritis type Il. B with stent placed in conductor stenosis between ascending aorta and
left ACCS (white arrow) and in descending aortic stenosis (arrowhead). Sub-occlusive stenosis of the left ACCs
(blue arrow) and left subclavian artery (yellow arrow).
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