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Congenital Complete
Atrioventricular Block

Congenital complete atrioventricular block is found in 1 of 22,000 live births. Over time,
it has become apparent that these patients represent not a single distinct disease pro-
cess, but several processes with the common manifestation of atrioventricular block.
The evaluation of these patients to determine their risk of sudden death and need for
pacing is not well defined. (Tex Heart Inst J 1997;24:301-7)

M qorquiol 1st described congenital complete atrioventricular block
(CCAVB) in 1901, but there was no electrocardiographic documentation
until 1908.2 The 1st large collaborative study of patients with CCAVB

was performed in 1972, and from it and other studies the incidence of CCAVB
was determined to be approximately 1 in 22,000 live births."- As technology has
progressed, CCAVB can now be diagnosed as early as the 16th week of gestation,
but the true incidence of the disease remains unknown.
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Etiology
There are several theories about the etiology of CCAVB. It may be secondary to
destruction of the normal conduction system or due to abnormal development.
Lev6 studied the conduction system of patients who had been diagnosed with
CCAVB and found 3 pathologic processes: 1) lack of communication between the
atrial musculature and the more peripheral part of the conduction system; 2) in-
terruption of the atrioventricular (AV) bundle; and 3) pathologic changes in an
aberrant conduction system.
The association of CCAVB with maternal connective tissue disease is a well-

described phenomenon. The 1st series demonstrating the association between
maternal systemic lupus erythematosus (SLE) and CCAVB was reported by McCue'
in 1977 and further supported by Chameides.8 Scott and associates9 then demon-
strated a high correlation between isolated CCAVB and anti-Ro (SSA) antibody in
maternal serum, regardless of whether or not the mother had overt symptoms of
connective tissue disease. In his series, all mothers with connective tissue disease
who had a child with CCAVB were positive for the anti-Ro antibody, and 75% of
asymptomatic mothers with a child with CCAVB were also anti-Ro antibody posi-
tive. This is 600 times the expected incidence, thus demonstrating the strong as-
sociation between anti-Ro antibody and CCAVB. Further evidence in support of
this association was provided by the work of Ramsey-Goldman,10 who showed
that the risk of a mother with SLE having a child with CCAVB increased from 1:60
to 1:20 if she was anti-Ro antibody positive. Women with SLE were then studied
prospectively,11 and the risk of their children developing neonatal lupus was
found to be as low as 3% but as high as 32% if the mother was anti-Ro antibody
positive; however, the risk of carditis in the child of a woman with anti-Ro anti-
body was less than 3%.

Later studies focused on which antibodies (e.g., SSA/Ro and SSB/La) might be
causally related to the development of CCAVB and whether levels of antibodies
or degree of symptoms correlated with the development of CCAVB.10"2 Despite
the belief that the maternal antibodies were primarily directed at the fetal con-
duction system, Taylor"3 and Litsey'4 and coworkers demonstrated that maternal
antibodies reacted with all fetal myocardial tissue and were not directed specifi-
cally at the conduction system. The diffuse nature of the antibody reaction may
help to explain the finding of cardiomyopathy in some patients with isolated
CCAVB despite the institution of pacing in the neonatal period.'5 While all agree
that the presence of anti-Ro antibody increases the risk of giving birth to a child
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with CCAVB, there is disagreement as to whether the
titer of the antibody or the severity of disease in the
mother plays a significant role. Many have reported
that neither predicts the presence of CCAVB in the
children.11'16 This view has been supported by scat-
tered reports of twin pregnancies in which only 1
twin developed neonatal lupus and CCAVB.",6'17
The occurrence of CCAVB in only 1 of HLA (human
leukocyte antigen) identical twins in which both the
twins and the mother had elevated anti-Ro antibody
titers also has been reported.'7 Further confusion as
to the interaction between the extent of the disease
in the mother, her antibody status, and future de-
velopment of CCAVB was demonstrated by Waltuck
and Buyon.'8 In this series of 52 mothers and their
55 offspring with CCAVB, identification of AV block
was made either at birth or in utero. Among this
group of mothers, 40% were asymptomatic, 26% had
SLE, 19/o had an undifferentiated autoimmune syn-
drome, and 14% had Sjogren's syndrome. Over the
ensuing 5 years (mean length of follow-up), 50% of
the asymptomatic mothers remained as such and
those who became symptomatic did so at a median
of 1.5 years following the affected birth. Most of the
mothers with SLE at the time of the affected preg-
nancy did not have progression of their disease. Sera
from 100% of the mothers reacted with SSA/Ro and
77% reacted with SSB/La. The antibody profile was
similar between asymptomatic mothers who pro-
gressed to rheumatic disease and mothers who re-
mained asymptomatic. Children born with CCAVB to
these mothers both followed and preceded the birth
of an unaffected sibling. Twenty-two of the 52
women (42%) had 25 subsequent pregnancies, of
which 4 (16%), each from a different mother, re-
sulted in CCAVB. To date, the exact requirements for
development of CCAVB in mothers with anti-Ro or
anti-La antibodies remain unknown.
The association between CCAVB and congenital

heart disease has been well established. Both Lev6
and Anderson19 have reported examples of lack of
communication between atrial musculature and the
AV node or discontinuity of the AV node-His bundle.
Prior to the advent of fetal detection, 30% to 37% of
patients with CCAVB were diagnosed with an associ-
ated form of congenital heart disease, with L-transpo-
sition of the great arteries ("corrected" transposition)
being the most frequent anatomic defect.5'20 The oc-
currence of CCAVB in patients with L-transposition
of the great arteries may be explained by abnormal
development of the conduction system. During nor-
mal development, the AV node is a posterior struc-
ture. In contrast, patients with L-transposition of the
great arteries have anterior and posterior AV node
structures, but it is the anterior AV node that gives
rise to the bundle of His.6 Whether or not this ante-
rior structure is more unstable or susceptible to in-

jury has not been proven. However, patients with L-
transposition of the great arteries have been shown
to have a much higher incidence of acquired com-
plete atrioventricular block (CAVB), which can oc-
cur at any point during their lives.21'22 Interestingly,
patients with an associated ventricular septal defect
have a lower risk of developing CAVB in later life
than those with an intact ventricular septum.23 Pres-
ently, with the diagnosis of CCAVB commonly occur-
ring prenatally, associated congenital heart disease
is found in up to 53% of fetuses.24 In this group, the
most common heart defect is left atrial isomerism.
The majority of patients with left atrial isomerism
and CCAVB also have an associated AV septal de-
fect.25'26 Discordant AV connection was the 2nd most
common lesion in patients who were diagnosed in
utero.24

Natural History
The natural history of patients with CCAVB is largely
determined by the presence of congenital heart dis-
ease and the time of diagnosis. In patients diagnosed
prenatally there is a high rate of termination, fetal
hydrops, and fetal and neonatal death. Different se-
ries report up to 50% fetal and neonatal death. Mor-
tality was highest in patients with associated
structural cardiac defects or fetal hydrops.2426 In one
series of patients with CCAVB and associated struc-
tural cardiac disease, only 14% survived the neona-
tal period, compared with 85% survival in patients
with isolated CCAVB.24

The prognosis of patients diagnosed in the neo-
natal period is significantly better than that of pa-
tients diagnosed prenatally. Again, however, the
mortality is higher in those with associated congeni-
tal heart disease. Before the advent of prenatal diag-
nosis, 32% to 40% of patients were diagnosed at
birth.5'20'27'28 The mortality of those without associ-
ated structural heart disease was 15% but increased
to 42% in patients with heart disease. These data
preceded the advent of neonatal pacing and there-
fore may reflect a higher mortality than is currently
observed.
The mortality in patients diagnosed outside the

neonatal period is significantly lower and ranges
from 3% to 18%; again, those with associated struc-
tural defects have a higher mortality.5'20 The overall
mortality in patients without structural heart disease
has been reported to be 5% to 8% and in those with
heart disease 29% to 40%.520 While the mortality of
patients both with and without structural heart dis-
ease has been affected by the ability to pace patients
during infancy and childhood, there has been no
study specifically focused on this age group since
the advent of early pacing. Additionally, the previ-
ously mentioned studies citing higher mortality in
those with structural heart disease did not directly
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address the severity of that heart disease and its as-
sociated mortality alone. For the above reasons, the
currently observed mortality may be lower than what
is reported.
Many patients, both with and without associated

congenital heart disease, have survived into adult-
hood.520'234 Unfortunately, there are few data on
adult patients with heart disease, and most of our
knowledge is based on small series and case re-
ports.'3033 There have been 2 large prospective stud-
ies looking at the long-term morbidity and mortality
of adults with CCAVB without associated congenital
heart disease.3234 Surprisingly, in some patients,
higher degrees of AV block may revert to a lower
degree ofAV block (i.e., 2nd- or lst-degree AV block),
despite CCAVB that began in the neonatal period
and persisted into childhood.32-34 Patients have re-
verted to normal sinus rhythm with lst-degree AV
block as late as their 3rd decade of life. Many women
with CCAVB have been able to tolerate pregnancy
without the benefit of pacemaker therapy; however,
some women had their 1st Adams-Stokes attack dur-
ing pregnancy. Of concern are adult patients with
CCAVB and no associated heart disease who were
asymptomatic during childhood and adolescence
and may have their 1st Adams-Stokes attack in adult-
hood, which can be fatal. Despite the absence of
symptoms in childhood, 50% of patients will de-
velop symptoms in adulthood and 10% will die pre-
maturely.32'34 A long-term issue in the adult with

VaVR Vl

CCAVB is the development of mitral insufficiency.
The etiology of this is unclear; it may be due to the
presence of long-standing left ventricular dilatation,
or it possibly may be a long-term result of more ex-
tensive immunopathologic damage to the fetal heart.34
Mitral insufficiency can occur in up to 10% of adults
with CCAVB, beginning as early as the teenage years
or as late as middle adulthood. Resolution of mitral
insufficiency after pacemaker implantation has been
reported to occur only rarely.34

Diagnostic Modalities and
Prospective Risk Assessment
No diagnostic modality alone has been shown to
predict mortality, and therefore the prospective
need for pacing in this population is not well de-
fined. Multiple studies have been performed to elu-
cidate risk factors that can be used to determine who
should have a pacemaker implanted.
The surface electrocardiogram has been used to

determine resting heart rate, the quality of the es-
cape rhythm, and the QTc (Fig. 1). The mean resting
heart rate in patients with CCAVB is reported to be
between 40 beats/min and 60 beats/min and slows
with increasing age. 5,27,32,3436 Currently, pacing is rec-
ommended for patients with symptomatic bradycar-
dia. Many have tried to use resting heart rate alone
to predict syncope or sudden death; Michaelsson
and Engle5 reported a mortality of 4.3% in 23 infants
without heart disease with a ventricular rate greater
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Fig. 1 A 1-month-old infant with congenital complete atrioventricular block.
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than 55 beats/min and an atrial rate less than 140
beats/min, as opposed to a mortality of 29% in 17
infants with slower ventricular rates and faster atrial
rates. Further studies did not find a difference in
mean heart rates in patients who subsequently de-
veloped syncope or died.2734 Other studies, however,
have found a statistical difference in mean resting
heart rates,3235 although the actual differences in
heart rates are quite small. In one study, the heart
rate of patients with symptoms was 42 beats/min
versus 46 beats/min in those without symptoms,
and in another study it was 44 beats/min versus 55
beats/min. It is important to mention that these risk
assessments have been based on resting heart rates
and not heart rates during sleep or the lowest heart
rate recorded dluring Holter monitoring. Interest-
ingly, a slowing of patients' heart rates not only oc-
curs throughout childhood but also has been
documented in adults with CCAVB.34 The width of
the QRS has been used to infer the stability of the
underlying escape rhythm, with the presence of a
wide QRS escape rhythm interpreted as evidence of
an unstable pacemaker (Fig. 2). Despite this assump-
tion, studies have failed to document an increased
risk of syncope or mortality in patients with a wide
QRS escape rhythm in the absence of heart dis-
ease.2 "32'34 These data nmust be evaluated with the
knowledge of the small number of patients without
heart disease and a wide QRS escape rhythm. Pro-
longed QTc has been reported to occur in 7% to 22%
of patients with CCAVB and is an unfavorable prog-

nostic sign (Fig. 3).34 37 It can 1st appear in adulthood
in patients who have previous documentation of a
normal QTc.32'34

Only a few studies have focused on the use of
Holter monitoring to provide a broader overview of
heart rate profiles and, therefore, some indication of
the risk of sudden death or syncope in this popula-
tion. One study27 reported no difference in mini-
mum heart rate, maximum heart rate, incidence of
pauses greater than 3 seconds, or amount of ven-
tricular ectopy between symptomatic and asympto-
matic patients. Levy and coworkers38 found that
some patients had concordant atrial and ventricular
rate changes, though there were others who had
fixed ventricular rates, the implication of which was
unclear. Dewey and coauthors39 prospectively fol-
lowed patients with CCAVB who had Holter moni-
toring every 6 months for a mean of 8 years. Patients
were divided into 2 groups on the basis of their
mean daytime heart rates. All patients who devel-
oped either syncope or sudden death had a mean
daytime heart rate of less than 50 beats/min. In acl-
dition, the majority who developed adverse outcomes
had 1 of the following: frequent episodes of junc-
tional exit block, a flat junctional response, or asso-
ciated tachyarrhythmias. The authors felt that the
association of a slow junctional rate with junctional
exit block or a flat junctional response may he a
manifestation of junctional instability.

Treadmill exercise testing has provided some in-
teresting yet conflicting insights into CCAVB. A sLr-

Fig. 2 A 12-year-old child with congenital complete atrioventricular block and a wide QRS escape rhythm.
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Fig. 3 An 1 1-year-old child with congenital complete atrioventricular block and prolonged QTc (620 msec).

prisingly high number of patients, as high as 90% in
some reports, may have a normal exercise treadmill
evaluation, especially those without associated heart
disease.3240412 Neither exercise tolerance nor the max-
imum heart rate achieved with exercise can be pre-
dicted from the resting heart rate.442 A radionuclide
study43 in a small group of patients with CCAVB
demonstrated that the mechanism of cardiac output
augmentation with exercise is an increase in heart
rate alone and not changes in left ventricular ejec-
tion fraction. Ectopy with exercise occurs in 50% to
70% of patients but its prognostic implication is un-
clear.3234'35.412 Exercise-induced ectopy has been
correlated with increasing age but not with resting
heart rate, exercise tolerance, syncope, or sudden
death.3.4'5'40

Electrophysiologic studies have been performed
on a minimal number of patients with CCAVB.
Supra-, infra-, and intrahisian block have been dem-
onstrated, with suprahisian block being most com-
mon.20,35 The location of block has not predicted
syncope or sudden death. Electrophysiologic testing
has shown that patients may have prolonged junc-
tional recovery times, which could become manifest
if patients develop tachycardia and overdrive sup-
press their intrinsic rhythm.44 However, this finding
has not been correlated with sudden death or syn-
cope.

There is a paucity of echocardiographic data in
patients with CCAVB. Cecconi45 reported normal

shortening fractions in patients with CCAVB. We per-
formed a longitudinal study of patients with CCAVB
in collaboration with The Children's Hospital of
Boston in which we examined ventricular geometry
and function and performed wall stress analysis. We
found that the left ventricle in patients with CCAVB
is moderately dilated, with normal geometry and
enhanced systolic function. The degree of left ven-
tricular dilatation and enhanced function did not sig-
nificantly change with the age of the patient.46

To Pace or Not To Pace
The remaining controversy is over whom to pace
and when to pace. There is no argument that any
symptomatic patient (i.e., a patient with syncopal
episodes or congestive heart failure) requires pac-
ing. However, this does not represent the majority
of the CCAVB population. The consensus among
electrophysiologists is that the presence of signifi-
cant congenital heart disease is an indication for
pacing even though it currently is not listed as a
Class I indication in the American Heart Association/
American College of Cardiology guidelines.47 Current
debate centers on what to do with asymptomatic pa-
tients who present as neonates, children, and young
adults. In the newborn patient, most electrophysi-
ologists use the current heart rate guidelines for
pacing an asymptomatic neonate (i.e., any infant
with an awake resting heart rate less than 55 beats/
min). Strong consideration would be given to pac-
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ing in the presence of significant pauses on 24-hour
electrocardiographic monitoring. Our practice is al-
ways to implant a permanent pacemaker in the pres-
ence of a prolonged QTc (longer than 460 msec), a
wide QRS escape rhythm, or complex ventricular ec-
topy (couplets or greater) (Table I).
The toddler who is diagnosed with CCAVB with-

out associated heart disease presents the most diffi-
cult clinical decision. Many times these patients will
not have a Class I indication for pacing, but discus-
sion with the family and testing may elicit many rela-
tive indications for pacemaker implantation. Significant
time must be spent with the family to elucidate a
history of exercise intolerance (i.e., prolonged naps
or sleep, or irritability at school). Many children may
develop a sedentary lifestyle not as a preference but
as an adaptive mechanism, and this may be the hard-
est symptom by far to elicit in the history obtained
from the parents. A history of symptomatic brady-
cardia is equally difficult to ascertain and one must
ask about nightmares and possible syncopal or pre-
syncopal episodes. Holter monitoring is useful for
discovering long pauses and monitoring heart rates
during sleep. Many times the decision to pace will
depend upon clinical signs and symptoms as well as
parental comfort and access to health care. The pa-
tient who does not receive a pacemaker should be
reevaluated yearly.
We recommend that adolescents who have been

asymptomatic and have no evidence of cardiac dys-
function be evaluated yearly with an electrocardio-
gram, Holter monitoring, and a treadmill exercise
test. A careful history in which the clinician looks for

TABLE 1. Indications for Pacing in Patients with
Congenital Complete Atrioventricular Block at Texas
Children's Hospital

Class Indications

Heart rate <55 beats/min in a neonate or
<40 beats/min in a child or adolescent

Associated congenital heart disease
Symptomatic bradycardia
Long naps
Nightmares

Exercise intolerance
Pauses >3 seconds while awake or >5
seconds while sleeping

Wide QRS escape rhythm
Prolonged QTc
Complex ventricular ectopy (couplets or

greater) regardless of escape rhythm

11 Ventricular ectopy with exercise
Prolonged subsidiary pacemaker recovery time

subtle symptoms of bradycardia and exercise intol-
erance is also an important part of the evaluation.
Despite the scant data on echocardiographic moni-
toring, an echocardiogram is useful in looking for
worsening function, increasing heart size relative to
body size, and the development of mitral regurgi-
tation, any of which we would consider a relative
indication for pacing. The decision to pace an asymp-
tomatic patient in this population will depend on the
patient's lifestyle, the parental comfort level, and
relative indications for pacing.

Over time it has become apparent that the popu-
lation of patients with CCAVB represents not a single
distinct disease process, but several processes with
the common manifestation of AV block. The origin
of CCAVB in patients who later develop ventricular
dysfunction despite pacing remains to be elucidated.
Patients with associated congenital heart disease or
prolonged QTc experience a higher mortality and
should receive pacemakers upon diagnosis (Table I).
The asymptomatic patient with no associated heart
disease still presents a treatment dilemma. Despite
studies in large cohorts of patients without congeni-
tal heart disease, reliable indicators of syncope or
sudden death have yet to be determined.
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