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Objective: To describe the clinical characteristics of maternal autoantibody-mediated arrhythmia and/or cardiomyopathy, and to explore the therapeutic role of glucocorticoids in these diseases.

Methods: This was a retrospective observational study of 2 fetuses and 14 children who presented with autoantibody-mediated arrhythmia and/or cardiomyopathy in our hospital from September 2010 to December 2018.

Results: In total, 16 patients were identified, including 2 fetuses, and 14 children. One mother suffered from Sjogren's syndrome, two suffered from systemic lupus erythematosus (SLE), and the remaining 13 were asymptomatic carriers of autoantibodies. Two fetuses were diagnosed with complete congenital heart block (CHB) and had mean heart rates of 45 and 50 bpm. In the 14 surviving children, third-degree CHB was detected in 4 children, second- to third-degree CHB in 4, corrected QT interval (QTc) prolongation in 1, atrioventricular dissociation, and junctional ectopic tachycardia in 1, complete left bundle branch block (CLBBB) with dilated cardiomyopathy (DCM) in 3, and endocardial fibroelastosis (EFE) in 1. All of the 14 surviving babies received intravenous immunoglobulin and glucocorticoids. None of the children received pacemaker implantation. During the follow-up, one 3-month-old girl who had complete CHB, DCM, and Torsades de pointes almost recovered after the administration of prednisone for ~8 years. Three cases with complete CHB had no improvement after 3–5 years of follow-up. One case with EFE and three cases with CLBBB and DCM were in stable condition now. Children with QTc prolongation and junctional ectopic tachycardia returned to a regular rhythm.

Conclusions: Autoantibody-mediated arrhythmias and/or cardiomyopathy are severe complications related to maternal autoantibodies, and the administration of steroid may be beneficial in reversing complete CHB.
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INTRODUCTION

Autoantibody-mediated heart disease, the most common manifestation of neonatal lupus, includes congenital heart block (CHB), and involvement beyond the atrioventricular node such as myocarditis, dilated cardiomyopathies (DCM), valvular abnormalities, and endocardial fibroelastosis (EFE) (1–3). Heart involvement of neonatal lupus carries an increased mortality and morbidity rate (4), and the mortality is between 16 and 23%, mostly in utero or during the first year of life (5).

Heart involvement in neonatal lupus is often accompanied by the presence of maternal autoantibodies in the fetal and neonatal circulation (6). The signature cardiac lesion is an atrioventricular block seen as a CHB, but 15–20% of these cases have associated fatal cardiomyopathy (7, 8). Autoimmune congenital heart block (ACHB), a rare condition that occurs in ~1 out of every 20,000 pregnancies (9), is associated with the transplacental passage of maternal autoantibodies such as anti-Ro/SSA and/or anti-La/SSB antibodies in more than 80% of affected neonates (3). ACHB might be detected in utero as a first- or second-degree atrioventricular block (AVB), but the majority have a potentially lethal complete AVB (CAVB) (10).

Atrioventricular block most commonly develops during the 18–24 weeks of gestation, and may be found using fetal Doppler echocardiography (11). The disease can continue to develop after birth, even during infancy and early childhood (12). At the same time, ~20% of affected fetuses can develop more diffuse myocardial disease manifested as cardiomyopathy and usually associated with endocardial fibroelastosis (EFE) (1, 2, 13); unfortunately, information relating to these conditions is sparse (2, 13, 14).

The majority of studies suggest that autoantibodies damage fetal conduction tissues leading to inflammation, calcification, and fibrosis, which can block signal conduction at the atrioventricular node without the requirement for additional structural abnormalities (2, 3). Indeed, increasing experimental, and clinical evidence has shown how these autoantibodies can critically interfere with cardiac electrical function and promote the development of life-threatening arrhythmic events by affecting the function of cardiac ion channels (7, 15).

The current curative CHB treatment is very controversial, and various therapeutic approaches including corticosteroids (especially fluorinated steroids, such as betamethasone or dexamethasone), intravenous immunoglobulin (IVIG), plasmapheresis, and beta-adrenergic agents have been reported (3, 5, 16). However, several studies have cast doubt on the efficacy of these therapies, and ultimately, a pacemaker is required in ~80% of newborns with congenital third-degree AVB (17–19).

This study aims to present our single-center experience describing the clinical characteristics of maternal autoantibody-mediated arrhythmia and/or cardiomyopathy. In addition, we describe one interesting case where the mother had systemic lupus erythematosus (SLE), and the obstetric history demonstrated fetal bradycardia, complete AVB, Torsades de pointes (Tdp), and DCM in the third month after birth, but had almost returned to normal following the long-term administration of corticosteroids.



MATERIALS AND METHODS


Patient Identification

Clinical data on 16 cases were collected by performing a retrospective observational study of the patients at the Heart Center of Qingdao Women and Children's Hospital from September 2010 to December 2018. This study was approved by the ethics committee of Qingdao Women and Children's Hospital, and written informed consent was obtained from the parents of the study participants.

Inclusion criteria were as follows: The presence of maternal autoantibodies, such as anti-Ro/SSA and/or anti-La/SSB antibodies; and the confirmation of arrhythmia [including second- and third-degree heart block, prolonged QT interval, and complete left bundle branch block (CLBBB)] and/or cardiomyopathy (autoantibody-mediated EFE or DCM) in the patients, as documented by fetal echocardiography, electrocardiogram, or Holter monitoring performed in our center, and excluding other causes, such as myocarditis, complications from heart surgery, inherited cardiomyopathy, trauma, or toxication (1, 13, 20–22).



Selected Variables for Analysis

For the 16 mothers included in this study, demographic characteristics such as the age at diagnosis of CHB and type of autoimmune disease, and immunologic features such as the presence of anti-nuclear antibody, anti-Ro/SSA, anti-Ro/SSB, anti-Ro52, and anti-Ro 60 were collected when the children's diseases were first diagnosed. A screening of autoimmune diseases was also performed in asymptomatic carriers of autoantibodies.

Among the 16 fetuses and children, the gestation age at CHB diagnosis, age at CHB diagnosis, and type of CHB were collected. In addition, among the surviving children, we collected data on the sex, birth weight, heart rate, heart malformation, type of cardiomyopathy, clinical manifestation, presence of autoantibodies, erythrocyte sedimentation rate (ESR), size of ventricular cavity, heart function, treatment, and the follow-up.



Statistical Methods

The results from continuous variables are presented as median (range), while those from categorical data are presented as percentages.




RESULTS

A total of 16 women, accounting for 2 fetuses and 14 children with arrhythmia and/or cardiomyopathy, were identified from the cohort of the obstetrics clinic and the department of pediatrics in our hospital (Table 1). Termination of pregnancy (TOP) was performed in two women because of the persistence of complete CHB, and 14 live-born infants were delivered at full-term.


Table 1. Features of mothers, fetuses, and children.
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Unfortunately, data to calculate the incidence of maternal autoantibody-mediated arrhythmia and/or cardiomyopathy in the heart center (from 2010 to 2018) are not available.


Maternal Features

The traits of the women whose children were diagnosed with arrhythmia and/or cardiomyopathy are shown in Table 1. The median age at diagnosis of autoimmune abnormality was 30 years (range, 27–35 years). Three of the 16 women suffered from autoimmune disease, of whom one (6.2%) had Sjogren's syndrome and two (12.5%) had SLE. However, the remaining 13 women were asymptomatic carriers of autoantibodies. All of the mothers had positive autoantibodies, of whom 14 (85.7%) had positive anti-nuclear antibody (ANA), 13 (78.6%) had positive anti-Ro/SSA, 11 (64.3%) had positive anti-Ro52, 4 (25%) had positive anti-Ro/SSB, and 3 (18.8%) had positive anti-Ro 60. Only one case (7.7%) had positive anti-nucleosome antibodies, anti-scl-70, and anti-PM-Scl. Both mothers of fetus had positive anti-Ro/SSA and anti-Ro52, and erythrocyte sedimentation rate (ESR) of one of them reached 80 mm/h. The cases with coexisting antibodies are shown in Table 1.



Features of Children and Fetuses

The main characteristics of the children and fetuses are shown in Tables 1, 2. The gestational age at the diagnosis of complete CHB in the two aborted fetuses was 28 and 30 weeks, and the mean heart rate at diagnosis of CHB was 45 and 50 bpm. In the 14 surviving children, 12 (85.7%) were full-term infants and 2 were premature infants. Ten cases were female and four cases were male. The median birth weight was 3,000 g (range, 2,000–3,700 g), and the median age at diagnosis was 14 months (range, 3–108 months). The data confirmed third-degree AVB in four babies, second- to third-degree AVB in four, QTc prolongation in one, junctional ectopic tachycardia in one, EFE in one, and CLBBB combined with DCM in three (Table 1). Case 4 was a special case who manifested with third-degree AVB, Tdp, and DCM; this case is described in detail below.


Table 2. Clinical characteristics of 16 cases with autoantibody-mediated heart disease.
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Among the 14 survivors, convulsions were the initial symptom in one case, and development retardation was the most common symptom in six children. The mean heart rates were below 100 bpm, and the median heart rate was 77 bpm (range, 50–99 bpm) in seven children. Four of the 14 surviving babies were diagnosed with congenital heart disease, including secundum atrial septal defect (ASD) (the sizes of the defects were 8 mm × 7 mm and 13 mm × 15 mm) and patent ductus arteriosus (PDA) (the ductal diameters were 3 and 2 mm) in two children. An echocardiogram was also used to assess ventricular size and ejection fraction (EF), and 8 of the 14 babies had an enlarged left ventricle, with a left ventricular end-diastolic dimension (LVEDD) of between 34 and 58 mm, and of whom five babies had left ventricular systolic dysfunction with a left ventricular ejection fraction (LVEF) below 40%.

The 14 surviving babies were all tested for autoantibodies, and the results showed that two babies were positive for ANA coexisting with anti-Ro/SSA, and double-stranded deoxyribonucleic acid (DS-DNA) and anti-PM-SCL antibodies were positive in one baby. However, the other babies had no significant level of autoantibodies. Furthermore, ESR and thyroid function were normal in all of the surviving babies (Table 1).

All of the surviving babies received IVIG and glucocorticoid (methylprednisolone and/or prednisolone) treatment. The IVIG was applied five times in total. The first dose of IVIG was 2 g/kg, then 1 g/kg was applied after 2 weeks, and then 1 g/kg per time was applied every other month for three times. Methylprednisolone is generally selected as glucocorticoid (prednisolone approximate equivalent dose conversion with methylprednisolone is 4:5), 2 mg/kg for 1 week, then reduced to 1 mg/kg for 1 month, and then reduced to 0.5 mg/kg for 2–6 months (the duration of application is adjusted according to the condition of the disease; poor response to treatment led us to suspend the drug, and conversely, the treatment will be maintained). Five children with third-degree CHB were administrated salbutamol and atropine, and those with cardiac dysfunction were given diuretics, captopril, and symptomatic treatment and one boy with EFE also received digoxin. None of the babies underwent pacemaker implantation; one child had surgical repair of ASD, and two children had transcatheter closure of ASD or PDA. At the follow-up, no improvement was found in four of the five cases with third-degree CHB, and one case with EFE and three cases with CLBBB combined with DCM were in a stable condition with the exception of growth retardation; however, no significant improvement in the enlarged left ventricle was noticed. Two newborns with QTc prolongation or atrioventricular dissociation recovered to a regular rhythm after the administration of IVIG and glucocorticoids (Table 2).

Case 4 was an interesting case; she had convulsion as the initial clinical manifestation in the third month after birth, and was diagnosed with third-degree AVB (Figure 1A), Tdp (Figure 1B), and DCM, and the obstetric history of her mother revealed fetal bradycardia during labor; unfortunately, we did not obtain the result of the fetal heart ultrasound. Her mother was diagnosed with SLE because a laboratory investigation showed an ESR of 80 mm/h, an ANA titer of 1:1,000, and positive anti-Ro/SSA and anti-Ro/52 antibodies; however, no autoantibodies were found in the baby. An electrocardiogram showed that the baby had a ventricular rate of 60 bpm and an atrial rate of 140 bpm, paroxysmal ventricular tachycardia, and TdP. An echocardiogram showed normal cardiac anatomy with an enlarged left ventricle (LVEDD 35 mm) (Figure 2A), diminished contractility (LVEF 42%), moderate mitral regurgitation, and mild pulmonary hypertension with a pulmonary artery systolic pressure of 33 mmHg. The baby was treated using steroids (prednisone), intravenous immunoglobulin, salbutamol, atropine, diuretic (furosemide), and captopril, but no permanent pacemaker was implanted. During her 8-year clinic visit, the electrocardiogram and echocardiogram showed an improvement in heart rhythm and function, and the dosage of prednisone was subsequently reduced from 2 mg/kg/day to 0.5 mg/kg once every other day step-by-step. At the same time, salbutamol, and atropine were gradually decreased, and was ceased at the relief of symptoms. Finally, her third-degree AVB completely disappeared, no further ventricular tachycardia or Tdp was observed, her heart rhythm restored to sinus rhythm, and her mean heart rate increased to 75 bpm. Only the complete right bundle branch block (CRBBB) with abnormal Q wave on leads II, III, avF, and V6 remained (Figure 3). On the other hand, an echocardiogram revealed a relatively normal heart size (LVEDD 45 mm) and function (LVEF 63%) (Figure 2B).


[image: Figure 1]
FIGURE 1. (A) Echocardiograph showing a third-degree atrioventricular block. (B) Electrocardiography showing a third-degree atrioventricular block combined with Torsades de pointes (Tdp) (up to a maximum duration of 68 s).
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FIGURE 2. (A) Echocardiograph showing an enlarged left ventricle (LVEDD 35 mm) (B) Echocardiograph showing a relatively normal heart size (LVEDD 45 mm) and a mild tricuspid regurgitation.
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FIGURE 3. Electrocardiography showing sinus rhythm and complete right bundle branch block (CRBBB) with abnormal Q wave on leads II, III, avF, and V6.





DISCUSSION

In this study, we describe the clinical and immunological characteristics of maternal autoantibody-mediated arrhythmia and/or cardiomyopathy in “children” rather than neonates. Combined with the children's electrocardiogram and echocardiographic features and significant abnormalities of the maternal immune system, we considered whether the diagnosis of autoantibody-mediated arrhythmia and/or cardiomyopathy was appropriate for the children included in our study. This was considered even in cases where we missed the optimal time to confirm the transplacental passage of maternal autoantibodies. Interestingly, in China, a delay in the management of high-grade AVB or other arrhythmias in the perinatal period is very common. There are several possible reasons for this situation. First, the testing for autoantibodies is not routinely performed during antenatal care. Second, techniques such as fetal Doppler echocardiography are not being performed effectively and screening for cardiovascular disease is often the weak link in newborn screening. Our report is consistent with the previous study that demonstrated that the majority of autoantibody-positive mothers who deliver a child with ACHB are asymptomatic for autoimmune disease (3). This situation increases the difficulty for prenatal diagnosis of autoantibody-mediated disease. Three mothers in our series were positive for anti-Scl-70, anti-nucleosome antibody, and anti-PM-SCL antibody; however, no previous studies have focused on the relationship between these antibodies and autoantibody-mediated arrhythmia or cardiomyopathy.

Autoimmune cardiac channelopathies are a novel and increasingly recognized mechanism of cardiac arrhythmias and/or cardiomyopathy; these are mediated by circulating autoantibodies that interfere with the function of various cardiac ion channels (15). Indeed, autoantibodies critically interfere with cardiac electrical function and promote the development of life-threatening arrhythmic events by affecting the function of cardiac ion channels (15). A large number of studies have clearly demonstrated that anti-Ro/SSA autoantibody cross-reactivity with L-type Ca2+ channels, and subsequent inhibition of ICaL in the fetal heart conduction system are crucial pathogenic mechanisms through which these autoantibodies lead to the development of ACHB (15, 23–25). Increasing evidence indicates that the hERG1 K+ channel is also a specific target of anti-Ro/SSA, which constitutes a novel form of acquired long QT syndrome (LQTS) of autoimmune origin (15, 26). Moreover, there are several other autoantibodies capable of disturbing various ion channels such as the anti-T-type Ca2+ channel, anti-KCNQ1 K+ channel, and the anti-Na+ channel; all of the above antibodies might lead to arrhythmia and/or cardiomyopathy (15). In terms of maternal demographic and clinical data, our results are generally consistent with the majority of previous studies in that the vast majority of the mothers had anti-Ro/SSA antibodies and four mothers also had anti-La/SSB antibodies.

Dilated cardiomyopathies can be diagnosed in utero together with autoimmune CHB, or may develop after birth; when DCM develops after the neonatal period, it is referred to as late-onset or delayed DCM (20, 22, 27). Morel et al. found that 22 of 174 (12.7%) children with CHB had no signs of DCM, either at birth or during the neonatal period, but ultimately developed late-onset DCM during the follow-up. However, neonatal DCM was observed in 13 children with CHB (6.9%) (20). It is noteworthy that three (21.4%) children had CLBBB complicated with DCM in our series. To date, there are no data regarding the incidence of new-onset LBBB in young patients with DCM; generally, the conduction abnormalities are a part of the natural history of DCM (28). The previous study has shown that myocardial fibrosis correlates with CLBBB (29). Based on the available evidence, it is difficult to determine whether DCM or CLBBB was the initial problem for these three babies. In addition, EFE also occupies a certain proportion of the cardiac manifestation of neonatal lupus (9, 20) and isolated EFE associated with maternal antibodies can be present in the absence of CAVB (13). In our study, a 3-month-old boy whose mother had Sjogren's syndrome was diagnosed with EFE without conduction abnormalities; fortunately, the IVIG and glucocorticoid achieved some positive clinical effects. Although information relating to DCM or EFE caused by autoantibodies remains sparse, we believe that the incidence of this condition induced by autoantibodies is relatively common in clinical practice. Therefore, further research is needed to explore the relationship between cardiomyopathy and autoantibodies, especially maternal autoantibodies.

The therapeutic principle is extremely similar for heart block and other heart involvements of neonatal lupus, including corticosteroids, and intravenous immunoglobulin. Additionally, beta-adrenergic agents, and pacemaker implantation are particularly crucial for patients with third-degree AVB and an extremely low heart rate (1, 3, 5, 6, 12, 18, 19). To date, a series of studies have shown that the IVIG might be effective in preventing the passively acquired autoimmune CHB by several potential mechanisms: First, by lowering or even eliminating maternal antibodies in the fetal circulation; then, by decreasing the placental transport of maternal antibodies; and finally, by regulating the fetal and neonatal immune system (6, 17–19). Although not uniformly effective, corticosteroids, especially fluorinated steroids, have been associated with the reversal of first- and second-degree heart block; however, third-degree heart block has not yet been reversed with any treatment (1, 5, 19). Furthermore, considering the side effects of steroids, the routine administration of steroids remains controversial.

To the best of our knowledge, case 4 in our study is the first case of CAVB, Tdp, and DCM that has been almost cured by the long-term administration of glucocorticoid; this case also provides us with some insight into the effect of steroids. The 3-month-old girl had third-degree heart block, Tdp, and DCM; after a relatively long duration of prednisone treatment, the heart block, severe ventricular tachycardia, as well as the heart size and function gradually restored to almost normal. So far, the growth and development of this girl are similar to that of her peer group and no obvious side effects have been observed. This therapeutic effect reflects the immune-mediated nature of this disease and suggests that steroids might actually have the capacity to reverse complete heart block. More importantly, this is the newest and most remarkable evidence for a possibility that complete heart block may be recoverable rather than irreversible. Although this opinion is contrary to all previous research (1, 5, 19), it is an exciting area that should be investigated further. Despite the success of this case, this approach also has great risks and is not recommended as a regular treatment in clinical practice without ample evidence.

Our study has a number of limitations owing to its retrospective design, the rarity of autoantibody-mediated arrhythmia, and/or cardiomyopathy and the lack of in utero details, which limit the power of the analyses. Furthermore, we were unable to determine the exact date when the heart involvement occurred. Ultimately, since only one child had a significant improvement with the usage of steroids, we could not evaluate the underlying mechanism and full effect of this therapy. Thus, more research, both experimental and clinical, should be conducted in order to fully elucidate these points.

In conclusion, autoantibody-mediated arrhythmias and/or cardiomyopathy are severe complications related to maternal autoantibodies, mainly anti-Ro/SSA and anti-La/SSB antibodies. Although the administration of steroids may have the ability to reverse complete AVB, further studies are needed to understand the mechanisms and to determine the security and validity of these findings.
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