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Abstract

Autoimmune congenital heart block (CHB) is an immune-mediated acquired disease that is
associated with the placental transference of maternal antibodies specific for Ro and La
autoantigens. The disease develops in a fetal heart without anatomical abnormalities that could
otherwise explain the block, and which is usually diagnosed /n utero, but also at birth or within the
neonatal period. Autoantibody-mediated damage of fetal conduction tissues causes inflammation
and fibrosis and leads to blockage of signal conduction at the atrioventricular (AV) node.
Irreversible complete AV block is the principal cardiac manifestation of CHB, although some
babies might develop other severe cardiac complications, such as endocardial fibroelastosis or
valvular insufficiency, even in the absence of cardiac block. In this Review, we discuss the
epidemiology, classification and management of women whose pregnancies are affected by
autoimmune CHB, with a particular focus on the autoantibodies associated with autoimmune CHB
and how we should test for these antibodies and diagnose this disease. Without confirmed effective
preventive or therapeutic strategies and further research on the aetiopathogenic mechanisms,
autoimmune CHB will remain a severe life-threatening disorder.

Introduction

Autoimmune congenital heart block (CHB) is a passive immune-mediated acquired disease
included among the manifestations collectively referred to as neonatal lupus. The disease is
associated with the placental transference of maternal antibodies that are specific for Ro

(also called SSA [Sjoégren-syndrome-related antigen A]) and La (also called SSB [Sjogren-
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syndrome-related antigen B]) autoantigens and involves not only the development of cardiac
abnormalities, but also cutaneous rash, liver damage and cytopenias in the newborn.! With
respect to cardiac damage, anti-Ro and anti-La antibodies cross the placenta as early as week
11 of gestation and might affect cardiac fetal development by damaging fetal conduction
tissues and resulting in inflammation, calcification and fibrosis, which can block signal
conduction at the atrioventricular (AV) node in an otherwise structurally-normal heart.2 The
majority of autoimmune-CHB-affected babies present with type 111 (complete) AV block
(Box 1). These babies have a severe reduction in their fetal ventricular heart rate (often 50—
70 bpm; a normal range is 120-160 bpm).

Box 1
AV block classification®?2
Type |

Prolonged PR interval >150 ms between atrial and ventricular depolarization; however, P
waves still conduct to the ventricles

Type 11

A block of one or more, but not all, P waves travelling from the atria to the ventricles
Mobitz type | (Wenckebach phenomenon)

Progressive prolongation of PR interval until one P wave fails to conduct to the ventricles
Mobitz type 11

Intermittent nonconducted P waves without prolongation of the PR interval

Advanced second degree

Two or more consecutive P waves fail to conduct to the ventricles

Type 111

The absence of AV conduction; no atrial impulses reach the ventricle

Abbreviation: AV, atrioventricular.

Isolated CHB was first reported in 1901 by Morquio;3 27 years later Aylward? reported the
first case associated with a maternal autoimmune disease (Mikulicz disease). Studies in the
1960s and 1970s reported that CHB-affected mothers had underlying systemic lupus
erythematosus (SLE),> linking this congenital cardiac disease with autoimmunity. In the
1980s, the advent of fetal echocardiography and the discovery of anti-Ro antibodies in the
mothers of affected babies paved the way for a more specific definition of the disease
currently known as autoimmune CHB. This Review summarizes current knowledge of the
clinical spectrum of autoimmune CHB, focusing on characterizing the main maternal and
fetal features and the risk of the development of this autoantibody-mediated cardiac disease.
We also provide a systematic review of 39 retrospective or case—control studies to assess the
clinical management of autoimmune CHB (Box 2).
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Box 2
Systematic review criteria

We searched MEDLINE (31/07/14) using the MeSH term “congenital heart block” with
no restrictions of language and date. Studies were eligible when the majority of the study
population fulfilled the following criteria; mothers with autoimmune diseases and/or
testing positive for autoantibodies; diagnosis of CHB confirmed by fetal
echocardiography; AV block diagnosed /n utero, at birth or within the neonatal period (0-
27 days after birth);8 absence of anatomical cardiac abnormalities which might be causal
of AV block; and studies with sufficient clear information on the characteristics of CHB.
Studies including duplicated or mixed data (congenital and postnatal cases, cardiac and
noncardiac features) were excluded when data corresponding to autoimmune CHB were
not detailed separately. Studies from the same research group that included patients
recruited during the same study period were excluded; however, some multicenter
studies, in which the degree of overlap with previously-reported single-centre studies
could not be evaluated, were included due to the relevance of the data.

Abbreviations: AV, atrioventricular; CHB, congenital heart block.

Classification and definition

Fetal heart block is associated with two major aetiologies. Anatomical heart abnormalities
are reported in 14-42% of cases8 and include AV septal defects, left atrial isomerism and
abnormalities of the great arteries (Figure 1), which disturb the electrophysiological
continuity between the atria and ventricles. In the remaining cases, heart block might be
caused by viral infections, drugs or myocardial ischaemic and infiltrative diseases, although
most cases of babies who have structurally normal hearts are associated with the
transference of maternal autoantibodies,! in which case the disease is known as
autoantibody-mediated, Ro/La-related, or autoimmune CHB.

An important problem in studying autoimmune CHB has been the absence of a common
definition used by specialists involved in the management of affected babies and mothers,
with a lack of consensus on the principal characteristics of the disease (Box 3). In this
Review, we follow the definition used by the most experienced international groups,® that
autoimmune CHB is an AV block in the baby of a mother with autoimmune disease and/or
positive for autoantibodies, with no anatomical abnormalities of the fetal heart that would
otherwise explain the block, and which is diagnosed in utero, at birth or within the neonatal
period (0-27 days after birth).

Box 3
Recommendations for homogeneous reporting of autoimmune CHB

. Autoimmune CHB should be diagnosed in mothers positive for anti-Ro or
anti-La antibodies
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. CHB should be diagnosed /n utero, at birth or within the neonatal period (0-
27 days after birth)8

. For each case of CHB, the mother’s underlying disease, the autoantibody
profile and the type of previous (if relevant) and current CHB should be
detailed on a case-by-case basis

. Technical methods for autoantibody detection should be reported carefully
. Mothers should be tested for anti-R052, anti-Ro60 and anti-La antibodies
. Native Ro60 should be used for the detection of anti-Ro60 antibodies

. Not only should type 111 (complete) CHB be included, but also types | and II;
also, a specific definition for type I is required

. Mothers who are positive for anti-Ro or anti-La antibodies and who have a
baby with EFE or valvular disease, even in the absence of concomitant CHB,
should also be included

. Maternal autoimmune diseases should be clearly defined, including the
fulfillment of the criteria corresponding to each disease

. In asymptomatic mothers or in those classified as having undefined
autoimmune disease, details of the specific investigations for an incipient
disease (principally pSS) should be included

. For incidence studies, the lack of a maternal history of previous CHB or
cutaneous neonatal lupus in the pregnant mothers prospectively followed
should be clearly specified; mothers with a previous history should be
excluded or analysed separately in recurrence studies

Abbreviations: CHB, congenital heart block; EFE, endocardial fibroelastosis; pSS,
primary Sjogren syndrome.

Incidence

No epidemiological studies have evaluated the incidence of autoimmune CHB. Two studies,
from 1964, estimated the incidence of isolated complete CHB in Finland and the USA to be
~1:20,000 live births (range1:19,000-22,000).910 A third study, published in 199811
calculated the mean incidence of isolated CHB during 1970-1994 to be 1:17,000, with a
wide annual variation of 1 in 6,500-64,000, and a progressive linear increase in the
incidence. Unfortunately, no information on the maternal immunological status was reported
by these three studies and, therefore, no specific information with respect to the incidence of
autoimmune CHB is available. However, studies of CHB (due to all aetiologies) found that
14-42% of cases were associated with anatomical abnormalities;? therefore, assuming that
the remaining 56-86% of cases are autoimmune, the global incidence of autoimmune CHB
is probably 1 in 20,000-30,000.
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Maternal features

Maternal autoantibodies

The evidence that maternal anti-Ro and anti-La antibodies are important in the
aetiopathogenesis of autoimmune CHB is supported not only by many epidemiological and
clinical studies, but also by various 7 vitro and in vivo experimental studies.1213 In a
systematic review for this article (methodology explained in Box 2) of 39 retrospective or
case—control studies, we found that anti-Ro and/or anti-La antibodies were detected in 1,230
(87%) out of 1,416 CHB-affected mothers;14-52 although the remaining cases were
classified as immunonegative, they overwhelmingly correspond to CHB diagnosed in
children aged =15 years or were cases in which mothers were not tested for the complete
panel of CHB-associated autoantibodies (specific for 52 kDa Ro, 60 kDa Ro, or La).

Anti-Ro autoantibodies—Of the 1,416 affected mothers in our systematic review, 1,216
(86%) were positive for anti-Ro antibodies, showing that this autoantibody is, by far, the
auto-antibody most-closely associated with autoimmune CHB (Figure 2). Most antibodies
specific for the Ro antigen recognize one, or both, of the 52 kDa and 60 kDa proteins (which
are encoded by different genes), and some studies have suggested that anti-Ro52 antibodies
have a predominant role in the development of autoimmune CHB.53:54 Anti-Ro52 antibodies
were more frequent than anti-Ro60 antibodies (90% versus 76%, respectively) in mothers of
autoimmune CHB-affected babies (Figure 2); however, anti-Ro60 antibodies are more easily
detected by immunoassay if a native 60 kDa Ro protein is used as the antigen.2’ The
frequency of anti-Ro60 antibodies in autoimmune-CHB-affected mothers was 98% in

studies using native antigen21:2752 and 66% in those using recombinant antigen (Figure
2).16.18,20,23,27,28,35,37,44,47

As not all mothers positive for anti-Ro antibodies deliver babies with CHB, studies have
investigated whether maternal reactivity to a specific epitope of Ro52 might confer a high
susceptibility to the induction of CHB. In 2002, Salomonsson e a/*3 identified a subset of
anti-Ro52 antibodies, specific for amino acids 200-239 of the Ro52 protein, in all of nine
(tested) anti-Ro52-antibody-positive mothers with CHB-affected children, indicating a
positive association of these autoantibodies (anti-p200 antibodies) with CHB. However, two
of three subsequent case—control studies did not find statistically significant differences in
the prevalence of anti-p200 antibodies between affected and nonaffected mothers.52:55.56

Most studies have reported that mothers of babies with autoimmune CHB have higher serum
levels of anti-Ro and anti-La antibodies than mothers with unaffected babies (Supplementary
Table 1 online). Four out of five case—control studies detected higher levels of anti-Ro52
antibodies in affected than in nonaffected pregnancies,14:33:46.48 a5 did two of three studies
that tested levels of anti-Ro60 antibodies.1448:52 Interestingly, only one study used native
antigens for detection, and in this study anti-Ro60 antibodies were significantly higher in
mothers either with an affected baby (2= 0.0002) or with a previous history of affected
babies (P=0.0001), compared with women with unaffected babies, whereas there was no
statistical difference in anti-Ro52 antibody titres.52
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Anti-La antibodies—In our systematic review, we calculate that anti-La antibodies were
detected in 672 (55%) of 1,229 mothers of babies with CHB, mostly in association with anti-
Ro antibodies (Figure 3). The prevalence of these antibodies is similar to their prevalence in
patients with primary Sjégren syndrome (pSS), which is considered the systemic
autoimmune disease with the highest percentage of anti-La-antibody-positive patients.>”
However, the presence of maternal anti-La antibodies in the absence of anti-Ro antibodies is
uncommon, and we identified (in the published literature) only 14 cases of CHB that were
associated with isolated anti-La antibodies (<1% of reported cases of autoimmune CHB;
Figure 3).15.18.31.44.58 \\jith respect to serum levels of anti-La antibodies, four out of five
case—control studies have shown higher levels of anti-La antibodies in affected than in
nonaffected mothers (Supplementary Table 1 online), similar to reports of anti-Ro
antibodies.

Other autoantibodies—Detection of concomitant maternal autoantibodies other than
anti-Ro and anti-La antibodies is often dependent on the underlying maternal autoimmune
disease. These antibodies include anti-dsDNA and anti-Smith (Sm) antibodies in mothers
with SLE, rheumatoid factor in mothers with rheumatoid arthritis or pSS, and anti-
ribonucleoprotein (RNP) antibodies in mothers with mixed connective tissue disease. A
specific role of these concomitant autoantibodies in the development of CHB has not been
studied, although studies have suggested a possible independent role for anti-RNP
antibodies. However, all reported cases of auto-immune CHB associated with anti-RNP
autoantibodies have been mothers who were also positive for anti-Ro or anti-La
autoantibodies, and we identified only one case of a transient type | CHB in an anti-RNP-
antibody-positive mother who was negative both for anti-Ro and anti-La antibodies.>®

Some studies have identified other antigens (other than Ro and La proteins) associated with
CHB, including calreticulin, the muscarinic acetylcholine receptor M1, a-fodrin (also
known as spectrin a chain, non-erythrocytic 1), a-enolase, and the serotoninergic 5-
hydroxytryptamine (5-HT ) receptor. 12:60.61 Antibodies specific for these proteins have not
been tested in large international cohorts, and their aetiopathogenic and clinical relevance is
uncertain.

Maternal autoimmune disease

Not all mothers with CHB-affected pregnancies are diagnosed (at the same time) with a
specific autoimmune disease. In our systematic review of underlying maternal autoimmune
diseases, of 856 affected mothers more than half were classified as asymptomatic carriers of
anti-Ro and anti-La antibodies, and ~14% were classified as incomplete or undifferentiated
autoimmune disease (Figure 4).16:19.28:48,62-64 The remaining cases were mothers diagnosed
with a specific autoimmune disease, almost all with pSS or SLE, or both; only 13 cases were
diagnosed with other autoimmune diseases, including five with rheumatoid arthritis. More
than half the affected mothers might have been asymptomatic, as anti-Ro and anti-La
antibodies can be detected several years before SLES or pSS86 are diagnosed. In fact,
autoimmune CHB could be one of the first ‘indirect’ signs of pSS in women of childbearing
age.57

Nat Rev Rheumatol. Author manuscript; available in PMC 2017 August 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brito-Zerén et al. Page 7

Fetal features of CHB

Cardiac involvement

Atrioventricular block—AV block is the most common fetal cardiac manifestation of
CHB-affected mothers who test positive for anti-Ro or anti-La antibodies. Two specific
characteristics of auto-immune CHB should be highlighted. Firstly, AV block is diagnosed
predominantly during a specific time-frame. Secondly, infants with autoimmune CHB are
more likely than those with nonautoimmune CHB to have complete AV block, which is the
most severe form.

All cases in which the time of CHB diagnosis has been published have recorded the
diagnosis at >18 weeks of gestation (Figure 5a).1:17:22,24,25,28,32,33,40,42,48,62,68,69 Hoyever,
isolated cases have been reported earlier than 18 weeks; one case was at 16 weeks,’? one at
17 weeks,’0 and two cases during the third month of pregnancy.’! In more than half the
cases, AV block was diagnosed at 20-24 weeks of gestation, and in 75% was during weeks
20-29. Only 2% of reported cases were diagnosed at birth or within the neonatal period (<27
days after birth);1568 however, whether serial echocardiographic surveillance was performed
from week 16 in all cases is unknown. The absence of fetal monitoring could explain a late
diagnosis of autoimmune CHB because anti-Ro and anti-La antibody detection is not part of
routine prenatal testing. With respect to the type of CHB, >80% of the cases analysed were
classified as complete AV block (type I11), with only 3% corresponding to the less-advanced
type I block (Figure 5b).

Other electrophysiological abnormalities—Although AV block is, by far, the major
manifestation of autoimmune CHB, other rare electrophysiological abnormalities have been
reported, including transient and persistent sinus node dysfunction, long QT interval (=440
ms), ventricular and junctional tachycardia, and atrial flutter; however, consistent association
of these abnormalities and the presence of maternal anti-Ro and anti-La antibodies has not
been reported.

Endocardial fibroelastosis—Endocardial fibroelastosis (EFE) is a form of myocardial
fibrosis that can progress to end-stage heart failure and death.’2 Prenatal echocardiographic
signs of EFE include areas of patchy echogenicity (fibrosis) on the endocardial surfaces of
the fetal heart. EFE has been reported in 7% of babies affected by CHB (comprising 19% of
non-CHB cardiac abnormalities; Figure 5c¢), but a clear association with CHB has not been
demonstrated. Table 1 summarizes the main characteristics of 116 cases of autoimmune EFE
included in 14 studies,30:32:3340,50.51,73-80 of \which almost 20% were diagnosed with EFE
in the absence of CHB. The outcome of babies with EFE was detailed by a study of 103
cases in which there were 53 (51%) fatalities; the mortality rate of babies with concomitant
cardiomyopathy was 100%.30

Valvular disease—Valvular disease due to dysfunction of the tensor apparatus is a severe
complication of autoimmune CHB, and has been reported in 1.6% of cases (comprising 4%
of non-CHB cardiac complications; Figure 5c). One study detailed the diagnostic approach
and outcomes of six affected babies.8! Areas of patchy echogenicity in the papillary muscle
were detected at weeks 19-22, involving mainly the tricuspid and mitral valves. Severe valve
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insufficiency developed prenatally or postnatally, ranging from as early as 34 weeks of
gestation to as late as 26 weeks after birth; all babies required urgent valve surgery, except
one who died before surgery.

Pregnancy outcomes

Autoimmune CHB is associated with a mortality rate of 19% (Figure 5d); the majority of
deaths (70%) occurred /in utero. Risk factors associated with death were analysed in the US
Research Registry for Neonatal Lupus,3? which includes 325 babies with autoimmune CHB,
of whom 57 (17%) died. In two-thirds of the cases, the cause of death was severe
cardiomyopathy. The mortality rate was >50% in babies with either EFE or dilated
cardiomyopathy and 100% in those with both complications. Multivariate analysis showed
that death /n uterois associated with the development of hydrops fetalis and myocarditis,
and late gestational age, with a statistically significant trend for a higher risk of death in
mothers with an established diagnosis of pSS or SLE, or testing positive for anti-La
antibodies. In another study, Eliasson et a/*° correlated mortality with the development of
hydrops fetalis, impaired left ventricular function, a low ventricular rate (<50 bpm) and an
earlier diagnosis of autoimmune CHB (<20 weeks).

Delivery outcomes

In our systematic review, we found that 81% of autoimmune-CHB-affected pregnancies
result in live births, with a mean delivery of 34-37 weeks, a prematurity rate (birth <37
weeks) of 38%, a Caesarean rate of 75%, and a female:male live-birth ratio of 1.07 (Figure 5
legend). The variability in the clinical presentation of CHB in live births is a challenge for
paediatric cardiologists, especially with respect to which patients need pacemakers and
when they should be implanted.! We also found that two-thirds of babies with autoimmune
CHB required pacemakers, almost all during the first year of life, and in nearly two-thirds of
cases during the first 10 days after birth (Supplementary Table 2 online). Babies born with
autoimmune CHB require a close follow-up, as a quarter of total deaths related to auto-
immune CHB are reported during the first year of life (Figure 5d).

Risk of autoimmune CHB

Global risk

Due to the severity of autoimmune CHB, knowing the risk of its development in anti-Ro and
anti-La antibody-positive women of childbearing age is essential. This risk should be
calculated from studies prospectively designed to evaluate pregnancy outcomes in these
mothers. The first such prospective study was carried out in 2001 by Brucato et a/.;82 they
studied 100 anti-Ro antibody-positive pregnant mothers and found that two (2%) had babies
with autoimmune CHB. Table 2 summarizes the results of eight prospective studies,
including 705 anti-Ro antibody-positive mothers, of whom 12 (1.7%) had babies with
autoimmune CHB.19:22,26,28,34,62,82.83 The incidence of autoimmune CHB was 0.28% for
type 1, 0.42% for type Il and 1.00% for type 111 AV block. Different expression patterns of
HLA genes have been suggested as an explanation as to why a minority of mothers who are
positive for anti-Ro and anti-La antibodies have babies with CHB.84 Maternal factors that
might exacerbate the risk of CHB deserve specific analysis. The first genome-wide
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association study to solely evaluate children with CHB, rather than the mothers, suggested
that variation near genes related to inflammatory and apoptotic responses might promote
cardiac injury initiated by passively acquired autoantibodies.8>

Influence of maternal autoantibody profile

Whether the risk of delivering a child with autoimmune CHB is affected by the maternal
anti-Ro and anti-La autoantibody pattern is unknown. Two prospective studies of these
autoantibodies, in both affected and nonaffected pregnancies, show that analysis of the risk
according to the maternal autoantibody profile is feasible.16:28 The incidence of CHB-
affected pregnancies was 3.31% for anti-Ro60-antibody-positive mothers, 3.92% for anti-
La-antibody-positive mothers and 4.92% for anti-Ro52-antibody-positive mothers
(Supplementary Table 3 online).16:28 The incidence of CHB in mothers who tested positive
for isolated anti-Ro antibodies (2.25%) was lower than in those positive for both anti-Ro and
anti-La autoantibodies (3.92%);16:28 the only mother who tested positive for isolated anti-La
auto-antibodies delivered a baby without autoimmune CHB (Supplementary Table 3
online).28 Two earlier studies also indicated that the more maternal autoantibodies specific
for the three antigens (Ro60, Ro52, La) that are detected, the higher the risk of developing
CHB_lS,ZO

Other maternal factors

Maternal age,36 the season of birth86 or autoimmune thyroiditis,87:88 can be factors in the
risk of CHB. No study has specifically evaluated whether this risk is affected by an
underlying systemic autoimmune disease of the mother at the time of pregnancy. However,
in our pooled analysis of six prospective studies (Table 3),19.22.28.62.82.83 j \which maternal
disease was studied in both affected and nonaffected pregnancies, the highest incidence of
CHB-affected pregnancy was in asymptomatic mothers (8%), although the total number of
asymptomatic mothers was <30. Mothers with pSS had the second-highest incidence (2.9%),
followed by undifferentiated autoimmune disease (2.3%) and SLE (1%); mothers with other
systemic autoimmune diseases were not CHB-affected. However, these frequencies should
be interpreted with caution owing to the small number of cases and the heterogeneity in the
diagnostic approaches to evaluate the underlying autoimmune diseases in the mothers.
Furthermore, some of the main autoimmune CHB studies were not included in the analysis
because maternal underlying autoimmune diseases were not assessed.

Obstetric history

Another highly specific feature of autoimmune CHB is that the risk is exacerbated in
mothers with a previous child with CHB. Table 4 summarizes the data included in 11
prospective studies!9.22:36.40,62,63,68,83,86,89,90 that evaluated the pregnancy outcomes of 317
anti-Ro-antibody-positive mothers with a previous child diagnosed with CHB (1= 50;
15.8%). The recurrence of CHB according to the type of AV block was 3.33% for type I,
0.71% for type 1l and 12.86% for type I11. Our pooled analysis of five prospective studies
(Table 3)19:36.40.63.83 that detailed maternal disease in both affected and nonaffected
pregnancies showed that the rate of recurrence of CHB was twofold higher (23%) in mothers
with pSS or SLE, or both, than in mothers who had undifferentiated diseases or no
diagnosed disease (8—-12%).
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Management recommendations

Maternal screening

Women who have babies with CHB of any type, EFE or congenital valvular disease should
be tested (with commercial tests) for the complete panel of anti-Ro and anti-La antibodies.
For women testing immunonegative, we recommend extending immunological studies to
include anti-Ro52 and anti-Ro60 antibodies; and when immunonegative for anti-Ro60
antibodies using recombinant proteins, we recommend retesting with native Ro60 antigens
(Figure 6). Measurement of serum anti-Ro and anti-La antibody concentrations or testing for
anti-p200 antibodies is not recommended for daily practice. Immunopositive mothers should
be evaluated extensively for underlying incipient systemic auto-immune diseases
(principally for pSS and SLE), and prospectively followed by specialists in systemic auto-
immune diseases. Women of childbearing age who are diagnosed with systemic autoimmune
disease should be tested for anti-Ro and anti-La antibodies 6 months prior to pregnancy.

Fetal screening

Pregnant women who test positive for anti-Ro and anti-La antibodies are considered to have
a high-risk pregnancy, especially those with a previous history of neonatal lupus or CHB,
and should therefore be referred to a highly specialized obstetric unit. Fetal
echocardiography is a safe, noninvasive method for screening CHB that offers an accurate
assessment of the fetal heart rate, rhythm and ventricular function.91:92 Although we found
in our systematic review that all reported cases of CHB were diagnosed after week 18 of
gestation, we identified four isolated cases diagnosed at 16-17 weeks; therefore, we
recommend screening from 16 weeks of gestation. Other diagnostic tests (electrocardiogram
plus Holter monitor, magnetocardiography, gated-pulsed Doppler technique, velocity-based
fetal kinetocardiogram) might detect subtle signs of the development of CHB, but their use
is not standard practice.93-98 Serial echocardiograms and obstetric sonograms should be
performed weekly from 16 weeks of gestation onwards, although the frequency might be
reduced in the absence of CHB after week 26, as we found that <20% of cases are diagnosed
after week 30 of gestation. Serial echocardiograms should also evaluate EFE, which might
be subclinical, like type | CHB, but with a worse prognosis. Also, it would be reasonable for
neonates to be observed during the first month of life, as only 2% of reported cases of CHB
are diagnosed postnatally (<27 days after birth). However, as a general rule, postnatal heart
monitoring is not recommended unless there are abnormalities detected /n utero or during
the first month of life.

Diagnosis of heart damage

Complete AV block is irreversible and has high morbidity and mortality rates, making it the
most-severe manifestation of neonatal lupus. Signs or symptoms are mainly associated with
the ventricular rate, which is usually 30-100 bpm,®7 but can also involve cardiac
contractility or an aberrant ratio between atrial and ventricular contractions. However, a
ventricular rate <55 bpm is critical as it often indicates a poor fetal prognosis. Hydrops
fetalis, an increased cardiothoracic index, AV valve regurgitation, or a low aortic flow
velocity are also associated with poor prognosis.
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Several studies have attempted to find electrophysiological abnormalities that predict the
development of autoimmune CHB, searching for a potential ‘therapeutic window’ in which
to prevent progression to an irreversible, complete AV block. A PR interval that exceeds the
expected 95% confidence interval of a normal population has been suggested as the principal
predictive sign for the development of autoimmune CHB, but unfortunately conclusive proof
does not exist, as a prolonged PR interval (Figure 7) might be transient, sustained or
progressive.%8 The development of complete autoimmune CHB after early detection of a
prolonged PR interval seems to depend on the addition of previously unidentified fetal and
environmental factors.98

The spectrum of cardiac disease associated with maternal anti-Ro and anti-La autoantibodies
mostly, but not exclusively, involves AV block. The immune-mediated damage is located
principally at the conduction system and involves the AV node, but also other cardiac
structures, such as the adjacent myocardium or the papillary valvular muscles, which might
be fragile and susceptible to rupture (Figure 1). Therefore, babies (of anti-Ro-positive or
anti-La-positive mothers) who develop cardiac failure in the absence of heart block should
be screened for other cardiac abnormalities, such as EFE and valvular disease. In addition,
mothers delivering babies with EFE or valvular insufficiency should be tested for anti-Ro
and anti-La autoantibodies, even in the absence of AV block.

Precounselling advice

Physicians caring for anti-Ro or anti-La-antibody- positive women of childbearing age must
offer accurate updated information when mothers ask about the risk of having a baby with
autoimmune CHB (currently 1.7%).82 However, women might also ask about maternal
features, other than anti-Ro and anti-La antibodies, that are associated with an increased
risk. Current evidence shows that the obstetric history of the mother is the principal factor
that increases this risk; mothers with a previous history of autoimmune-CHB-affected
pregnancy have ninefold the risk (16%) in a subsequent pregnancy, and mothers with a
previous history of noncardiac neonatal lupus have a sevenfold higher risk (13%) than those
without this history.9 In addition, some maternal antibody patterns (double or triple
positivity, or high serum levels of anti-Ro52, anti-Ro60 or anti-La autoantibodies) are
associated with a higher risk of autoimmune CHB, although information from specific
prospective studies is required before informing mothers with these autoimmune profiles
that they are at a higher risk than mothers with single positivity or low serum levels of
autoantibodies. With respect to the underlying maternal disease, the data indicate that
mothers with pSS or SLE might have a higher risk than asymptomatic mothers and those
with incomplete or undifferentiated diseases, but formal statistical analysis has not shown a
significant influence of maternal disease status. The influence of other maternal factors that
might increase the risk of CHB (maternal age, low vitamin D levels, hypothyroidism) have
not been confirmed by prospective studies.

Conclusions

Autoimmune CHB is a severe, potentially life-threatening, disorder associated with the
passive transfer of maternal anti-Ro and anti-La autoantibodies. However, the true incidence
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of autoimmune CHB is unknown as these antibodies are not always associated with clinical
disease in the mother. Autoimmune CHB is the cardiac component of a cluster of fetal and
neonatal manifestations that are pathogenically, epidemiologically and clinically related to
these autoantibodies. However, some studies support a different point of view, suggesting
that the pathogenesis of CHB involves allogenicity and that the anti-Ro and anti-La
antibodies are less important biomarkers than maternal autoimmune disease per se.190 We
support the idea that autoimmune CHB should be defined strictly, with two mandatory
features (maternal anti-Ro and anti-La autoantibodies plus diagnosis of AV block /n utero or
neonatally) that conform to a specific disease phenotype, thus preserving the homogeneity of
the populations studied.13 This definition will facilitate the launch of practical
recommendations for a specific and well-defined disease entity and will help differentiate
autoimmune CHB from other CHBs with nonautoimmune aetiologies. Unfortunately,
irreversible complete AV block is the principal cardiac manifestation of CHB, and some
babies might develop more severe cardiac complications (EFE, valvular insufficiency) even
in the absence of cardiac block. The severity of autoimmune CHB is clear, with a 20%
global mortality rate and 64% of live births requiring pacemakers. These dramatic numbers
might be explained by the absence of confirmed effective preventive or therapeutic strategies
for complete AV block, which is diagnosed in >80% of affected babies. Research on the
aetiopathogenic mechanisms of autoimmune CHB should continue in order to identify
potential biomarkers that might help to prevent (or diagnose before irreversible block
occurs) this autoantibody-induced congenital heart disease.
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Key points

Autoimmune congenital heart block (CHB) is part of a cluster of fetal and
neonatal manifestations associated with placental transference of
autoantibodies

Maternal autoantibodies specific for Ro and La, and diagnosis /n utero or
neonatally, are key features of CHB

Irreversible complete atrioventricular (AV) block is the principal cardiac
manifestation in >80% of reported cases

Some babies might develop other, more severe, cardiac complications,
including endocardial fibroelastosis or valvular insufficiency

20% of cases of autoimmune CHB are fatal and 64% of live births require a
pacemaker

1.7% of pregnant women positive for anti-Ro or anti-La antibodies have a
baby with autoimmune CHB, but the risk climbs to 16% for mothers who
have had previous CHB-affected pregnancies
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Maternal factors Fetal factors

Metabolic diseases*
= Type 2 diabetes mellitus
= Phenylketonuria

Congenital structural abnormalities

= Heterotaxy syndromes

= Transposition of the great arteries
= Atrial and ventricular septal defects

Drugs* = Tetralogy of Fallot
= Anticonvulsants = Pulmonary stenosis
= Lithium

= ACE inhibitors
= Retinoic acid
= SSRI

= NSAIDs

Genetic channelopathies

= Long QT syndromes

= Brugada syndrome

= Sick sinus syndromes

= Andersen-Tanil syndrome

= Catheccholaminergic polymorphic
ventricular tachycardia

Viral infections*

= Coxsackie virus
= Adenovirus

= Cytomegalovirus

Autoantibody transfer
= Anti-Ro/SSA

= Anti-La/SSB X =
= Anti-RNP? Right bundle branch \ Left bundle branch

Figure 1.
Maternal and fetal factors associated with the development of CHB. Fetal heart block can be

associated with maternal metabolic diseases, drugs, viral myocarditis or transference of
maternal autoantibodies, or with fetal anatomical heart abnormalities and genetic
channelopathies. *Factors associated with an increased risk of heart structural
abnormalities. *Factors associated with a higher risk of development of myocarditis.
Abbreviations: ACE, angiotensin-converting enzyme; RNP, ribonucleoprotein; SSA,
Sjogren-syndrome-related antigen A; SSB, Sjogren-syndrome-related antigen B; SSRI,
selective serotonin reuptake inhibitor.
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[ Positive
[J Negative

Number of cases

Ro/SSA La/SSB Ro52 Ro60 Ro60 Ro60
(r.Ro60 (n.Ro60
antigen) antigen)
Autoantibody positivity

Figure 2.
Ratios of autoantibody positivity and negativity amongst CHB-affected mothers.14-52 Data

taken from our systematic review (Box 2). Most affected mothers were positive for anti-
Ro/SSA antibodies, but only around half were positive for anti-La/SSB antibodies. Two-
thirds of affected mothers were positive for anti-Ro60 antibodies when tested using r.Ro60
antigen, whereas almost all were positive when tested using n.Ro60 antigen. Abbreviations:
n, native; r, recombinant SSA, Sjogren-syndrome-related antigen A; SSB, Sjogren-
syndrome-related antigen B.
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Isolated La
1% (2)

Isolated Ro60

3% (8) Ro60 + La
4% (11)

Triple negative
1% (3)

Isolated Ro52
10% (29)

Figure 3.
Proportions of isolated and multiple autoantibody positivity. 288 CHB-affected mothers

were tested for anti-R052, anti-Ro60 and anti-La autoantibodies.16.18.27.28,44,99
Approximately half the mothers were triple positive. Much lower percentages were reported
for double positivity of Ro52*Ro50*, Ro52*La* and Ro60*La*, and less again for isolated
Ro52, Ro60 or La positivity. Only three (1%) mothers tested negative for all three
autoantibodies.
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Other AD
1% (8)
RA Type of AD not reported
1% (5)  SLE + aSS 3% (21)
2% (20)
Asymptomatic
pSS carriers
13% (113) 53% (455)
Figure 4.

Maternal autoimmune diseases associated with CHB. Of 856 CHB-affected mothers who
were autoantibody positive, approximately half were asymptomatic Ro/La carriers. 121
(14%) had UAD (lacking fulfillment of the current criteria for systemic autoimmune
diseases), 113 (13%) had pSS, 113 (13%) had SLE, 20 (2%) had Sjégren syndrome
associated with SLE, and 13 (1.5%) had other ADs (including RA in 5, mixed connective
tissue disease in 3, SSc in 2, autoimmune thyroiditis in 1, dermatomyositis in 1 and
haemolytic anaemia in 1 case). Data from our systematic
review,14-19,21-24,27-29,31-33,36,38,40-43,45-51,100,101 Appreviations: AD, autoimmune
disease; aSS, Sjogren syndrome associated with other systemic autoimmune diseases; CHB,
congenital heart block; pSS, primary Sjégren syndrome; RA, rheumatoid arthritis; SSc,
systemic sclerosis; SLE, systemic lupus erythematosus; UAD, undifferentiated autoimmune
disease.
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Figure 5.
Demographics of autoimmune CHB. Data taken from our systematic review show that

negative pregnancy outcomes included prematurity (<37 weeks; 7= 138 of 360,
38%)14.22253048 |UGR (n=5 of 62, 8%),1422.25.102 ang Caesareans (/7= 55 of 73,
75%).22:24,25.37.64 The gender of live births was 54% female (7= 362) and 46% male (/7=
307).17:22,:30,40,68,86 The mean weight of live births was 2,409.56 g (1,260-3,950 g; 17
=9),22:32,73 gnd a pacemaker was required in 519 of 809 cases
(649%6).15.17,21,22,24,25,28,32,40,43,48,49,51,68,69,102-104 Graphs depict a | age at diagnosis of
CHB (n :280),15,17,22,24,25,28,32,33,40,42,48,62,68,69 b | CHB type (7

=772),2:17.21,23-26,29,33,35,37,44,46,49,51,102 ¢, | other cardiac complications (7
=875),17,22.24,25,29,30,32,33,40,48,49,51,69,73,102,103 and f | mortality (7

=188).15.17.21,22,24,25,28,30,32,33,38,40,43,48,49,51,68,69,102,103 Aphreviations: CHB, congenital
heart block; EFE, endocardial fibroelastosis; IUGR, intrauterine growth restriction.
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Autoantibody sequential studies and clinical evaluation of women who have babies with
CHB of any degree, EFE or congenital valvular disease in an otherwise structurally-normal
fetal heart. For women with negative results in Ro/La commercial tests, we recommend
extending immunological studies to include anti-Ro52 and anti-Ro60 antibodies using a
native antigen. *Systemic autoimmune diseases more frequently identified in CHB-affected
mothers. Abbreviations: CHB, congenital heart block; EFE, endocardial fibroelastosis, pSS,

primary Sjogren syndrome; SLE, systemic lupus erythematosus.
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Figure 7.

Electrocardiogram. Typical electrocardiogram of a healthy person.
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Table 1
Main characteristics of autoimmune EFE
Features Feature details Cases (n)
CHB (n=116) No AV block 22 (19%)
AV block 94 (81%)
Type | 4 of 38 (11%) *
Type I 2 0f 38 (5%)
Type Il 32 of 38 (84%) *
Outcome (n=103) Survival 50 (49%)
Death 53 (51%)
Intrauterine death 27 of 39 (69%)¢
Neonatal death 12 of 39 (31%)¢
Maternal disease (/7= 31) Asymptomatic Ro/La carriers 17 (55%)
SLE 9 (29%)
Hypothyroidism 2 (6%)
Mixed connective tissue disease 1 (3%)
Raynaud phenomenon 1(3%)
Arthritis 1 (3%)
Pacemaker required (7=17)  Yes 13 (76%)
No 4 (24%)

Data include 116 patients from 14 studies.30,32,33,40,50,51,73-80

Only these studies.33:75,78-80

'fOnIy these studies.32,33,40,50,51,7-80

Abbreviations: AV, atrioventricular; CHB, congenital heart block; EFE, endocardial fibroelastosis; ND, not defined; SLE, systemic lupus

erythematosus.
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Table 2

Incidence of CHB in Ro* mothers without previous history of CHB

Study (year) Ro* mothers Babies Cases of CHB  Type and frequency of CHB
Brucato er a8 (2001) 100 126 2 Type 111 (1=2, 2%)
Gladman et al8% (2002) 90 102 0 None
Cimaz et al*° (2003) 95 95 0 None
Costedoat et a/?? (2004) 99 150 1 Type Il (n=1, 1.01%)
Grava et al?8 (2005) 41 46 2 Type Il (n=1, 2.44%)
Type 1 (n7=1, 2.44%)
Gerosa et al? (2007) 59 60 1 Type 1l (n=1, 1.69%)
Friedman et a/% (2008) 79 79 3 Type | (n=1, 1.27%)
Type Il (n=2, 2.53%)
Jaeggi et al3* (2011) 142 165 3 Type | (n=1, 0.7%)
Type Il (n=1, 0.7%)
Type 11 (n=1, 0.7%)
Total 705 823 12 (1.7%) Type | (n=2, 0.28%)
Type Il (n=3, 0.42%)
Type I (7=7, 1%)

Abbreviation: CHB, congenital heart block.
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