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Maternal anti-Ro antibodies present during the fetal period can cause complications ranging from congenital heart
block, fetal demise or long-term consequences.

The anti-Ro induced autoimmune reaction causes long-term fibrosis and calcification of the conductive tissue. In
addition, the CHB injury mechanisms were shown to involve other factors, like fetal susceptibility that increases for
every subsequent pregnancy, from a 2% incidence in the case of nulliparous mothers. The predictive value of
maternal anti-Ro antibodies for CHB high-risk pregnancy is low, and other markers are lacking, making this
condition difficult to efficiently monitor. Moreover, the positive anti-Ro pregnancies do not benefit from a
prophylactic treatment or from an efficient therapy once CHB was diagnosed. Thus, new data from ongoing trials
are highly expected, to provide both potential biomarkers and therapeutic solutions.

This entry illustrates the current understanding of the anti-Ro antibodies associated pathologies, from the
perspective of specialists involved in its management, emphasizing key issues, missing links, and possible future

directions for an effective interdisciplinary approach.

Anti Ro antibodies congenital heart block neonatal lupus

| 1. Introduction

The presence of maternal Anti-Ro/Anti-La antibodies causes a passively acquired autoimmunity that may be
associated with serious fetal complications. The classic example is the autoimmune-mediated congenital heart
block (CHB) which is due in most cases to the transplacental passage of Anti-Ro/Anti-La antibodies. The exact
mechanisms through which these pathologic events arise are linked to disturbances in calcium channels function,
impairment of calcium homeostasis and ultimately apoptosis, inflammation and fibrosis. CHB still represents a
challenging diagnosis and a source of debate regarding the best management. As the third-degree block is usually
irreversible, the best strategy is risk awareness and prevention. Although CHB is a rare occurrence, it affects one in

20,000 live births, with a high overall mortality rate (up to 20%, with 70% of in utero deaths).

| 2. Pregnancy in Women with Anti-Ro/SSA Antibodies
2.1. Frequency of Gestational Complications

The risk of developing a congenital fetal heart block varies between 0.2—-2% in nulliparous women with positive

anti-Ro antibodies, and increases to 15-20% in pregnancies with a previously affected fetus or neonate W2,
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Women who had two previously affected pregnancies have a risk of 50% of fetal CHB in subsequent pregnancies
&1,

For anti-Ro antibody titers higher than 50 Ul/mL, the risk of developing CHB is 5%, with a high risk of developing a
complete atrioventricular (AV) block in the fetus [, It is important to know that asymptomatic mothers with higher
titers of anti-Ro antibodies (without symptoms or signs of SLE and/or SS) can give birth to children with neonatal
lupus. However, studies show that about one-half of these women will later develop an autoimmune disease,

especially SS &I,

Cutaneous manifestations of neonatal lupus seem to appear in 7-16% of the newborns with anti-Ro and anti-La

positive mothers and can be associated with the presence of anti-ribonucleoprotein (RNP) antibodies (€.

2.2. Molecular Mechanisms Leading to Fetal Complications

The precise molecular mechanism through which the anti-Ro/SSA and anti-La/SSB antibodies affect the fetal skin
and heart is still an ongoing research topic. The presence of anti-Ro antibodies is necessary, but not sufficient to
cause CHB. Current studies have shown that the development of neonatal lupus is influenced by the interaction
between the transplacental passage of maternal antibodies, starting in the late first trimester or early second
trimester and additive factors such as fetal genetic (specific human leukocyte antigen (HLA) alleles) and
environmental factors. Such interactions could explain why these complications still remain rare, as the presence of
even high titers of these antibodies alone is not enough to cause the disease (as previously mentioned, the
maximum risk is 2% in nulliparous women) [, This theory is also supported by the discordance of heart block in

identical twins, which suggests that in utero factors have also an important role to play in the pathogenesis of CHB
8,

Available immunohistochemistry data confirms that the permanent electrogenic disturbances are ultimately caused
by fibrosis and calcification, but the ultimate pathway to fibrosis may be variable. There are two theories regarding

the molecular mechanism of the autoimmune induced CHB, the “apoptosis hypothesis” and the “Ca channel
hypothesis”[2ILA[11]

2.2.1. The “Apoptosis Hypothesis”

The first theory suggests that anti-Ro/SSA antibodies bind to surface antigens of cells undergoing apoptosis in the
process of physiological remodeling (see Figure 1). Typically, Ro antigens are intracellular, but the process of
apoptosis induces translocation of these antibodies to the surface of fetal cardiomyocytes. In normal conditions, the
apoptotic cardiocytes are phagocytosed, but the immune complexes impair the clearance of these cells 12,
Apoptotic cell accumulation induces macrophage infiltration, activation and release of cytokines such as TNF-a and
TGF-p BILI2R4IS] TGF stimulates the differentiation of fibroblasts into myofibroblasts, leading to scar formation
(23] Thus, the fetal cardiac conduction tissue is exposed to an autoimmune reaction that causes inflammation and
fibrosis, leading to irreversible CHB . Interestingly, in children with autoimmune CHB, a certain polymorphism of

the TGF gene was described, linked to increased fibrosis 18, Moreover, data from in vitro studies show that anti-
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Ro—associated single-stranded RNA binds to macrophage Toll-like receptors (TLR) and thus triggers the
aforementioned inflammatory and fibrosis cascade [46]. An important role seems to be played in this context by
interferon (IFN), with highly expressed type | IFN response genes 1718l
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Figure 1. “Apoptosis hypothesis”. TGF-B—transforming growth factor f3.

2.2.2. The “Calcium Channel Hypothesis”

This theory is centered on the fact that the anti-Ro antibodies inhibit the calcium channels by direct interaction 22!
[2021] The anti-Ro/SSA antibodies can inhibit both the L-type and T-type calcium channels 222 which are
essential to impulse propagation and conduction in the sinoatrial and AV nodes 141221231241 A5 3 consequence, a
short-term effect is a decrease in calcium currents, and a long-term effect is the internalization of the calcium
channels (see Figure 2). These events lead to a disruption of the intracellular calcium handling, possibly
contributing to the aforementioned apoptotic process and subsequent inflammation and fibrosis [2121]125],
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Figure 2. “Calcium hypothesis”. The short-term and long-term effects. AV block—atrioventricular block; Ica; lcat—
calcium current through L-type and T-type Ca channels.

2.3. Is There a Relationship between the Titers of Anti-Ro/SSA and/or Anti-La/SSB
Antibodies and the Incidence of Congenital Heart Block?

As previously discussed, experimental data show that the development of CHB is more frequent in newborns of
women with high titers of anti-Ro/SSA and anti-La/SSB antibodies. In a prospective study of 186 antibody-exposed
fetuses and newborns, Jaeggi E. et al. observed that the presence of maternal anti-Ro antibodies is responsible for
the fetal tissue injury in a dose-dependent manner. The cutoff value was 50 U/mL, as measured by ELISA assay.

As a result, many experts are recommending serial echocardiography only in women with high anti-Ro titers 4!,

Another study conducted by Kan N. et al. including 232 pregnancies of anti-Ro antibodies positive mothers, proved

that limiting serial fetal echocardiograms to women with high anti-Ro antibody levels is safe and cost-effective (28],

2.4. Clinical Manifestations of Neonatal Lupus

The two major clinical manifestations of neonatal lupus can be divided into cutaneous (typical rash) and cardiac

findings.

2.4.1. Cutaneous Manifestations

The rash is frequently observed within a few weeks after birth (sometimes up to four months), but it can also be
noticed at birth, which proves that its photosensitivity is not a mandatory characteristic 2. Neiman A.R. et al.
concluded that the rash is usually diagnosed around six weeks and it is self-limiting. It almost always disappears by

six to eight months, lasting for an average of 17 weeks 28],
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Moreover, the exposure to ultraviolet light is thought to induce or exacerbate the rash. It usually manifests with
annular lesions or arcuate macules that are mainly located on the scalp and in the periorbital area, but also on

other parts of the body such as the palms, the soles and the diaper area 22!,

Another rare cutaneous manifestation is telangiectasia on the face or genitals. It can be observed in about 10% of
patients and can occur between 6 to 12 months of age, not only as the first manifestation of the disease, but also

localized in skin areas that were previously affected by the typical rash 22,

It is noteworthy that patients with cutaneous neonatal lupus are at increased risk of developing autoimmune
diseases throughout their lives and this is the reason why some authors are recommending a continuous follow-up,

especially prior to adolescence [21],

2.4.2. Cardiac Manifestations

The risk of developing first-, second- or third-degree AV block is one of the most threatening complications of the
presence of anti-Ro/SSA antibodies. It commonly occurs between 18 to 24 weeks of gestation, which explains why

mothers at risk should undergo more intensive fetal surveillance in this delicate period.

Isolated cases have been reported as early as 16 weeks, although another systematic review showed that 75% of

cases were diagnosed during weeks 20 to 29 8],

The first-degree AV block (defined by a PR interval which is longer than the upper limits of normal age) is
considered to be a benign ECG finding, which appears in up to 6% of normal neonates and doesn't lead to fetal
bradycardia (321, However, further fetal surveillance is recommended, as the first, as well as the second-degree AV
blocks, may progress to more advanced blocks (see Figure 3). In addition, the autoimmune reaction affects the
calcium channels present not only in the AV node, but also in the sinoatrial node. In this case, sinus node

bradycardia may ensue.
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Figure 3. Evolution of pathophysiological and clinical events in the development of congenital heart block. AVB—

atrioventricular block, VA—ventricular arrhythmias.

The second-degree AV block may lead to fetal bradycardia, especially in advanced heart blocks in which two
consecutive P waves fail to conduct to the ventricle, suggesting the presence of an important conduction block
below the level of the AV node [22],

The third degree (or complete) AV block is the most serious and dramatic manifestation of neonatal lupus which
leads to complete dissociation of the atrial and ventricular activity, as a result of the damage in the AV conduction
pathways. In patients with third-degree AV block the atrial frequency is in the normal range, but the ventricular rate

can vary between 50 and 80 beats/minute, as the rhythm is junctional or ventricular.

The resulting fetal bradycardia increases the risk of heart failure and sudden cardiac death. It is also responsible
for the poor systemic perfusion, which can lead to hydrops fetalis, as a result of impaired ventricular filling and/or
cardiac output 3134][62 63]. Hydrops fetalis is defined as a collection of fluid in two body cavities (pleural,

pericardial, ascites) or one body cavity plus anasarca 34135,

The autoantibody-mediated heart blocks are usually associated with a structurally normal heart, although valvular
lesions have been reported by some authors. For example, Cuneo BF et al. described three fetuses with "unique”
myocardial and conduction system diseases such as mitral and tricuspid valve chordal avulsion, sinoatrial and

infrahisian conduction system disease or the association between sinus node dysfunction and atrial flutter [38],
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When valvular pathology occurs, it is localized at the mitral or tricuspid valve, with regurgitation developing both

pre- and postnatally and calls for urgent valve surgery 7.

There are also some other rare, but important cardiac manifestations of the presence of anti-Ro/SSA antibodies,
such as sinus node dysfunction, atrial flutter, long QT interval, ventricular and junctional tachycardia and dilated
cardiomyopathy B8l However, the causality between these pathologies and the presence of maternal anti-
Ro/SSA and anti- La/SSB antibodies is not firmly recognized.

Sinus bradycardia for example appeared in 3 of 76 fetuses (3.8%), for whom atrial rates were recorded by
echocardiogram in a series of 187 fetuses with congenital heart block. Some authors consider that this disturbance
is not permanent and that it could have a good prognosis BJ49. On the other hand, persistent fetal sinus
bradycardia may lead to serious cardiac complications when associated with endocardial fibroelastosis (EFE),

ventricular dysfunction or AV block 29,

Dilated cardiomyopathy (DCM) occurs rarely, but has a high mortality rate 4142l |t js characterized by an enlarged
and poor-functioning left ventricle. There are two types of DCM (neonatal and late-onset). Neonatal DCM is
associated with pericardial effusion, hydrops fetalis and endocardial fibroelastosis. Late-onset DCM is related to
pacemaker implantation, in utero valve disease and non-European origin. B8 Moreover, the risk factors for
neonatal DCM do not predict the development of the late-onset form, which makes the long-term cardiovascular

follow-up of these patients crucial for survival.

Endocardial fibroelastosis (EFE) is a condition that is characterized by diffuse thickening of the left ventricular
endocardium secondary to the proliferation of fibrous and elastic tissue 431, Nield LE et al. reported that 7 out of 13
children diagnosed with congenital heart block had EFE at presentation, while 6 developed EFE weeks to as long
as five years after the diagnosis of the congenital heart block. Furthermore, 9 patients died and two underwent
cardiac transplantation because of the presence of EFE 2], The presence of EFE is associated with 51% mortality
rate if it is concomitant with dilated cardiomyopathy, the mortality reaches 100% 411, The diagnosis can be made in

utero, by documenting areas of endocardial patchy echogenicity on the echocardiography examination.

2.4.3. Other Transient and more Rare Manifestations

Hematologic manifestations such as anemia, neutropenia, thrombocytopenia and aplastic anemia have been
described in children with congenital heart block. However, hematological involvement seems to be almost always
asymptomatic 27,

Hepatosplenomegaly, asymptomatic elevated liver enzymes and cholestasis are the main hepatic manifestations

observed not only in fetuses with complete heart block, but also in those with cutaneous involvement 441,

Neurologic manifestations (hydrocephalus, nonspecific white matter changes and calcification of the basal ganglia)

have been also reported, but their association with anti-Ro/SSA antibodies has not yet been proven.
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2.5. Manifestations That Suggest the Diagnosis of Neonatal Lupus

The diagnosis of neonatal lupus requires the presence of both of the following elements: (1) the mother has
positive anti-Ro/SSA, anti-La/SSB or anti-RNP antibodies and (2) the fetus or newborn develops heart block/typical

rash/hepatic or hematologic manifestations in the absence of another etiology 43,

For these elements to be recognized, some recommendations regarding pre- and postnatal screening of children
with CHB have been formulated 48, The prenatal evaluation focuses not only on the maternal screening for anti-

Ro/SSA and anti-La/SSB antibodies, but also on in utero surveillance for heart block.

It is strongly recommended that not only symptomatic, but also asymptomatic mothers carrying positive titers of
anti-Ro/La antibodies should be more intensively monitored during pregnancy with frequent echocardiographic

surveillance, especially during the period from 18 to 24 weeks of gestation.

On the other hand, the American Heart Association recommends a few additional weeks of serial examinations
beginning from 16 weeks until 28 weeks of gestation 2Z. The most efficient modality for screening and diagnostic
evaluation of this bradyarrhythmia is the pulsed-Doppler fetal echocardiography. This non-invasive exploration
should be performed weekly, as it has been observed that normal sinus rhythm can progress to complete block in
seven days (during the high-risk period between 18 and 24 weeks of gestation). This investigation is of great
importance in measuring the mechanical PR interval from the onset of the atrial contraction to ventricular
contraction. Furthermore, echocardiography is of great importance in diagnosing not only first-degree heart block,

but also endocardial fibroelastosis and valvular lesions [48,

Glickstein et al. proposed a validated reproducible method to measure the fetal mechanical PR interval, the

equivalent to the electric PR interval on surface electrocardiography, by echocardiography with pulsed Doppler 48
)

The fetal mechanical PR interval can be obtained during ultrasound examination of the fetal heart. It is recorded
with the help of pulsed wave (PW) Doppler— the two-dimensional PW gate is set to 3—-4 mm depending on the
gestational age and placed distal to the mitral valve as such to include the origin of the left ventricle outflow tract at
an angle of around 20°. With this approach, we will record spectral Doppler wave forms for both blood flows, in the
mitral valve and aortic origin during a full cardiac cycle. The speed of image acquisition should be slowed (to 4-5
cm/s) in order to have a good representation of each waveform. During a normal cardiac cycle, the passive filling of
the atria during generalized diastole (E wave), the active filling of ventricles during atrial systole (A wave) and blood
ejection in the root of the aorta during ventricular systole will be documented (see Figure 4). The PR interval is the
interval measured between the onset of atrial systole (mitral valve A-wave) and the beginning of the aortic valve
flow. Normal ranges during pregnancy depend on the gestational age, fetal heart rate and sex of the baby. These
correlations have been studied prospectively by A. Wojakowski et al. B9, A mean of 122.4 ms + SD 10.3 ms is

considered normal.
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Figure 4. Pulsed wave Doppler trace used for mechanical PR interval measurement. Mi—transmitral flow (thick
yellow arrow); Ao—transaortic flow (thin yellow arrow); (*)—normal PR interval—120 msec (between thin dotted

yellow lines). Courtesy of Anca Panaitescu, Filantropia Clinical Hospital, Bucharest.

In a prospective trial of dexamethasone to prevent CHB progression in women with anti-Ro by Friedman et al. the
definition of “abnormal” fetal Doppler mechanical PR interval was set a priori at three SD above the normal mean,
to 150 ms B However, none of the conduction measurements could predict the occurrence of CHB.

The two-dimensional ultrasound can be used in diagnosing specific arrhythmias, in evaluating cardiac anatomy and
function, as well as in searching for signs of hydrops fetalis. Arrhythmias can be further characterized by using the
M-mode ultrasonography, which detects atrial and ventricular wall motion and the relative timing of cardiac events
(see clinical case B2, Fetal bradycardia, the result of both second- and third- heart block, can be easily detected by

routine fetal auscultation.

The weekly pulsed-Doppler fetal echocardiography is the preferred method of in utero surveillance for heart block.
However, if not available, there is an alternative that consists of home monitoring for fetal bradycardia, twice per
day, with a handheld Doppler system B2, The postnatal testing is recommended for mothers of neonates with heart
block in the absence of causal structural abnormalities, as most cases of congenital heart blocks appear as a result
of the presence of anti-Ro/SSA and/or anti-La/SSB antibodies. In addition, children up to eight months of age

presenting rash and/or any degree of heart block should also be tested for the aforementioned antibodies 4531,
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