
The Journal of Rheumatology 2001; 28:2366

From the Lupus Unit, The Rayne Institute, St. Thomas’ Hospital and the
Department of Paediatric Cardiology, Guy’s Hospital, London, England.

Supported by the British Heart Foundation 

P.A. Gordon, MRCP, Lupus Research Unit, St. Thomas’ Hospital; 
E. Rosenthal, MD, MRCPCh, FRCP, Department of Paediatric
Cardiology, Guy’s Hospital; M.A. Khamashta, MD, PhD, MRCP; 
G.R.V. Hughes, MD, FRCP, The Lupus Unit, St. Thomas’ Hospital.

Address reprint requests to Dr. P.A. Gordon, Lupus Research Unit, 
The Rayne Institute, St. Thomas’ Hospital, Lambeth Palace Road, London
SE1 7EH. E-mail:patrick.gordon@kcl.ac.uk

Submitted May 16, 2000 revision accepted August 11, 2000.

Isolated congenital complete heart block (CCHB) is a rare
condition occurring in about 1:20,000 pregnancies1. It is
highly associated with the anti-Ro antibody, which is
present in up to 91% of the mothers of children with
CCHB2. However, CCHB appears to occur in less than 5%
of pregnancies where the mother has anti-Ro antibodies3,4.

In fatal cases of CCHB, antibody has been observed
binding to the myocardium5, and anti-Ro antibody has been
shown to be concentrated in the eluates from the heart as
opposed to other fetal organs6. Anti-Ro antibodies from
mothers of children with CCHB can induce heart block in
Langedorff preparations of rabbit and human fetal hearts7,8.
Mice vaccinated with the Ro/SSA antigen produce pups
with conduction defects8. Such studies have led investiga-

tors to propose a pathogenic role of anti-Ro antibodies in
CCHB.

Mothers of children with CCHB do not present with
conduction disturbances themselves. Researchers have
therefore proposed that either the fetal conducting system is
more susceptible to immunological attack or the anti-Ro
antibody responsible binds to an antigen exclusive to the
fetal conducting system.

CHB has been described in adult anti-Ro/SSA positive
patients and an association between anti-Ro antibodies and
cardiac conduction defects and myocarditis has also been
reported9,10.

No previous studies have investigated the occurrence of
electrocardiographic defects in mothers with anti-Ro/SSA
antibody who have had offspring with CCHB. Prolonged
cardiac conduction in this group would favor a role for a
common antigen as the target in CCHB; however, a normal
conduction in mothers would favor an antigen exclusive to
the developing fetal heart.

MATERIALS AND METHODS
We enrolled 19 anti-Ro/SSA antibody positive mothers with children with
CCHB who were recruited from the pediatric pacemaker clinic or our
connective tissue disease (CTD) unit. Maternal age ranged from 25 to 57
years (mean 37.4 ± standard deviation, SD, 8.6).

We also consecutively recruited 111 patients with systemic lupus
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erythematosus (SLE) or positive anti-extractable nuclear antigen antibodies
(ENA) from one of the CTD clinics. Two of these patients were male (one
anti-Ro/SSA positive, the other not). Of the 111 patients there were 49
patients with anti-Ro/SSA antibody, none of whom had a child with CCHB.
In this group the age ranged from 18 to 76 years (mean 45.9 yrs ± SD 12.8).
There was a control group of 62 patients with either SLE or other positive
ENA attending the CTD clinic. In this group the age ranged from 20 to 63
years (mean 44.3 ± SD 12.4).

ENA was assessed by counter-immunoelectrophoresis on a modifica-
tion of the method described by Bunnet, et al11 using bull’s spleen as the
source of antigen. The classification of SLE was made using the revised
1982 American College of Rheumatology criteria12. If the patient did not
fulfil the criteria for SLE, criteria for other CTD were assessed.

For the diagnosis of Sjögren’s syndrome (SS) we used the preliminary
criteria for SS developed by the Epidemiology Committee of the European
Economic Community13, limiting item VI to the presence of anti-SSA/SSB
antibodies. We do not routinely perform histology or perform tests of sali-
vary gland involvement and did not for this study. In some patients with
children with CCHB it was not possible to perform Shirmer’s test and a dry
test was presumed if there was a positive history of dry eyes. Therefore SS
may have been overdiagnosed in this group.

Electrocardiography (ECG) was performed on all patients using Nihon
Kohden Corp. ECG-8000 series machines. The heart rate, PR, QRS, and
QTc intervals were measured automatically and reviewed by one observer
(PAG). Measurements of cardiac conduction intervals were compared
between 3 groups: women with children with CCHB, patients in the CTD
clinic who were Ro negative, and patients in the CTD clinic who were Ro
positive. Comparisons were made using Student’s t test and chi-squared
test. A p value < 0.05 was considered statistically significant.

RESULTS
Mothers of children with CCHB had a lower incidence of
CTD compared to patients attending the CTD clinic (Table
1). Mothers with children with CCHB and CTD had either
SLE (3 patients, 16%) or SS (9 patients, 47%). Seven of the
mothers with children with CCHB did not fulfil criteria for
any CTD and 5 of these were completely asymptomatic. All
mothers with children with CCHB were anti-Ro/SSA posi-
tive, as were 49 of the 111 patients from the CTD clinic.

The CTD clinic patients were significantly older than the
mothers of children with CCHB (p < 0.02). The mothers of
CCHB children had a mean age of 37.4 years (range 25 to
57) compared to 45 years (range 18 to 76) for the CTD clinic
patients. There was no significant age difference between
anti-Ro/SSA positive (mean 45.9 yrs, range 18 to 76) and

anti-Ro/SSA negative patients in the CTD clinic (mean 44.3
yrs, range 20 to 63).

There were 3 patients with conduction defects; 2 had 1st
degree heart block (PR interval > 210 ms) and one complete
heart block. Both patients with 1st degree heart block were
from the CTD clinic and had SLE; one patient was anti-Ro
positive and the other was anti-Ro/SSA negative. The
patient with complete heart block had SLE and was anti-
Ro/SSA antibody negative but anti-RNP positive. She had
myocarditis and a permanent pacemaker was implanted.
Two patients were in atrial fibrillation and therefore the PR
interval could not be analyzed; both patients were from the
CTD clinic, both were 58 years old. One of these patients
was anti-Ro/SSA antibody positive, the other was not.

There was a significantly shorter PR interval in the
mothers with CCHB children (145 ± 19.5 ms) compared to
the patients attending the CTD clinic (158 ± 22.5 ms) (p <
0.02). This difference was significant whether comparisons
were made only with anti-Ro/SSA positive patients from the
CTD clinic (p < 0.02) or only anti-Ro/SSA negative patients
(p < 0.05). There was no significant difference in PR interval
between Ro positive and Ro negative patients in the CTD
clinic (Table 2).

There were no significant differences in the heart rate or
other ECG variables (QRS duration, QTc interval) between
mothers with CCHB children and patients attending the
CTD clinic (Table 2).

DISCUSSION
We were unable to observe any abnormality of cardiac
conduction significantly associated with the anti-Ro/SSA
antibody. We were also unable to confirm the association
between anti-Ro antibodies and cardiac conduction defects
in adults described by Logar, et al10.

Contrary to the hypothesis that a common antigen could
be the target for anti-Ro antibody induced conduction
disturbances, women who had had children with CCHB had
significantly shorter PR intervals and fewer ECG abnormal-
ities compared to the CTD clinic controls.

There are 2 likely explanations for this observation. First,
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Table 1. Diagnosis of patients in the study.

Diagnosis Anti-Ro Positive Anti-Ro Negative Mothers of
CTD Patients (%) CTD Patients (%) Children with

CCHB (%)

Systemic lupus erythematosus 29 (60) 48 (78) 3 (16)
Sjögren’s syndrome 11 (22) 2 (3) 9 (47)
Other conditions* 3 (6) 7 (11) 0
No or incomplete criteria 6 (12) 5 (8) 7 (37)

for a specific CTD
Total 49 (100) 62 (100) 19 (100)

*Mixed connective tissue disease, discoid lupus erythematosus, Jo-1 polymyositis, rheumatoid arthritis, subacute
cutaneous lupus erythematosus, primary antiphospholipid syndrome, and systemic sclerosis.
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the average age of the patients in the CTD clinic was signif-
icantly greater and increasing age is associated with a
prolonged PR interval even in apparently healthy individ-
uals14. Second, the patients in the CTD clinic had a signifi-
cantly higher incidence of CTD than mothers with children
with CCHB. Clinically significant myocarditis is rare but
well recognized in SLE, while minor conduction distur-
bances, which are possibly related to milder inflammatory
phenomena of the cardiac tissue, are much more
common15,16. Conduction defects have been reported to
occur in up to 14.5% of patients with SLE after 10 years of
disease17.

Interestingly, the QTc in the Ro positive CTD group were
longer than in the Ro negative CTD group. This difference
was approaching significance at p = 0.063. Given the recent
finding of longer QTc in children born to Ro positive
mothers18, this finding may warrant further investigation
with a larger group of patients or with more sophisticated
methods of QTc measurement. It should be noted that the
QTc is a measurement of repolarization and not of conduc-
tion; therefore a difference in QTc between the groups may
signify a different pathological process.

The lack of a significant association between the pres-
ence of the anti-Ro/SSA antibody and disturbances of
cardiac conduction in this study suggests that the antibody is
not pathogenic to the conduction system in the adult.

If the anti-Ro/SSA antibody has no effect on the human
adult cardiac conducting system this would favor the
hypothesis that the epitope for the antibody is accessible
only in the fetal as opposed to the adult heart. The obvious
candidate is the anti-Ro/SSA antigen but this is an intracel-

lular protein. Recently it has been shown that during apop-
tosis La/SSB and Ro/SSA antigens are detectable on the
surface of the apoptotic blebs. Not only has this been
demonstrated in keratinocytes after exposure to ultraviolet
light to induce apoptosis19, but also in cardiac myocytes
undergoing apoptosis20. Thus uniquely, during fetal devel-
opment, the Ro/SSA antigen may be exposed on the cell
surface of cardiac cells. Both these experiments, however,
were performed in vitro, while in vivo apoptotic cells are
rapidly removed by the phagocytic system without inducing
an inflammatory response. In the midgestational rat, apop-
tosis has been observed in the fetal heart21.

Thus due to passive transfer, anti-Ro/SSA antibodies
may bind to apoptotic cells and trigger an inflammatory
response damaging neighboring non-apoptotic cells. It has
been demonstrated by Manfredi, et al that apoptotic cells
opsonized by antibody trigger a significantly greater release
of tumor necrosis factor-α from scavenger macrophages
than apoptotic cells that are not opsonized by antibody22,23.

In conclusion our study suggests that adult conduction
defects are not associated with the anti-Ro antibody, as in
CCHB, but rather to CTD itself. This implies that conduc-
tion defects and myocarditis in CTD are due to a different
pathological process than that causing CCHB in children.
Further study of the effect of the anti-Ro antibody on the
QTc in adults is warranted.
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