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Abstract

Introduction: Antibody-mediated complete atrioventricular
block (CAVB) is considered irreversible. We sought to exam-
ine the effects of transplacental steroids on fetal AV conduc-
tion. Methods: Fifty-nine fetuses diagnosed with CAVB at
our center from 1996 to 2018 were reviewed. Routine dexa-
methasone administration to birth was used to limit cardiac
inflammatory damage. Restoration of fetal AV conduction
was classified as “unexpected” treatment response. Results:
CAVB resolved in 5/29 (17%) fetuses first treated <24-week
gestation with 8 mg/day of dexamethasone, when com-
pared with 0/30 (0%) when treatment was initiated later
and/or at a starting dose of 4 mg/day (odds ratio 13.69; 95%
confidence interval 0.72-260.13; p = 0.024). Treatment re-
sponse was also associated with a faster ventricular rate at
diagnosis (median [range]: 80 [60-97] beats per minute
[bpm] vs. 58 [38-92] bpm; p = 0.0036). CAVB reappeared in
all 5 responders either prenatally (n=1) or postnatally before

(n = 3) or after (n = 1) the first year of life. When compared
with infants with treatment-resistant CAVB (median follow-
up 10.3 years), responders (median follow-up 12.3 years) re-
quired postnatal pacing less frequent (2/5 [40%] vs. 45/49
[92%]; p = 0.013). Conclusions: In a subgroup of CAVB fe-
tuses, dexamethasone transiently restored AV conduction.
This was associated with a lower rate of postnatal pacing
when compared with nonresponders.
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Introduction

Isolated complete atrioventricular block (CAVB) is
predominantly associated with the fetal exposure to high-
titer anti-Ro antibodies [1]. These maternal antibodies
cross the placenta and, in the susceptible fetus, may trig-
ger inflammation, necrosis, and fibrosis of the AV node
[2,3], which commonly manifests as sudden-onset CAVB
between 18 and 24 gestation weeks. Development of
CAVB may be preventable if the inflammation is detected
and treated with transplacental steroids at an early disease
state of incomplete first- or second-degree heart block [4,
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5]. Restoration of 1:1 AV conduction is not expected once
AV nodal conduction is completely blocked [4, 6]. In this
situation, transplacental anti-inflammatory medication
has primarily been advocated to treat or prevent anti-
body-mediated disease of the working myocardium [7].
The aims of this study of fetuses with CAVB were to de-
termine (a) short- and long-term effects of perinatal ste-
roids on the AV conduction system and (b) if conduction
improved, to identify factors associated with improve-
ment in AV conduction.

Methods

The Review Ethics Board of the Hospital for Sick Children
(IRB) approved this retrospective study (#1000011904). The need
of written parental consent of patient enrollment was waived by
the IRB.

Patients

Included in this retrospective study were all 59 fetuses that re-
ceived transplacental steroids for immune-mediated CAVB from
January 1996 to December 2018. Eligible cases were identified
from our Fetal Cardiac Program database. The presence of mater-
nal anti-Ro antibodies was confirmed in all cases by solid-phase
enzyme-linked immunosorbent assay or chemiluminescence im-
munoassay at time of heart block diagnosis [1, 5]. Treatment rec-
ommendations included the maternal administration of (1) oral
dexamethasone from CAVB diagnosis (8 mg/day for 2 weeks, 4
mg/day to 28-30 weeks, and 2 mg/day to birth), (2) oral salbutamol
(30-40 mg/day) for fetal bradycardia <50 beats per minute (bpm),
and (3) intravenous immune globulin (IVIG; 1 g/kg or maximum
70 g/dose every 2-3 weeks, single neonatal dose of 2 g/kg) if in-
creased cardiac echogenicity suggestive of endocardial fibroelasto-
sis (EFE) was diagnosed. Prior to 2005, the recommended starting
dose of dexamethasone was 4 mg/day [7]. Reflecting the treatment
modification, most (15/20; 75%) fetuses before 2005 were started
on 4 mg/day, while 36/39 (92%) subsequent cases received 8 mg/
day for the first 2 weeks of treatment.

Methods

Serial fetal echocardiograms to birth (n = 56) or in utero demise
(n = 3) were obtained in all cases. Fetal atrial (A) and ventricular
(V) rates and AV chronology were assessed from simultaneous
superior vena cava/aorta Doppler flow and atrioventricular M-
Mode tracings, respectively [5]. Doppler-derived AV duration was
measured if there was 1:1 AV conduction and compared with pub-
lished reference values [8]. Diagnosis of CAVB was defined by the
complete absence of AV conduction with independent atrial and
ventricular rhythms. Resolution of CAVB with treatment to first-
degree AV block (AVB I), second-degree AV block (AVB II), or
normal AV conduction was classified as “unexpected” treatment
response. The diagnosis of AVB II was based on the intermittent
failure of AV conduction. In type-1 AVB II, the nonconducted
atrial event was preceded by conducted beats that displayed pro-
gressive AV interval (AVI) lengthening, while the AV duration did
not change in type-2 AVB IL. 1:1 AV conduction with AVI > 3 z-
scores was considered prolonged and defined as AVB I. Adminis-
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tration of a single neonatal dose of IVIG (2 g/kg) and prednisone
for 2-3 months was advised if improved AV conduction or EFE
persisted to birth. AHA/ACC Class I indications of CAVB were
used as indications for permanent pacing [9, 10]. Collected patient
data included gestational age of CAVB diagnosis, longitudinal
echocardiographic and electrocardiographic findings, treatment,
and outcome to December 2019.

Statistical Analysis

Data are expressed as mean with standard deviation, median
(range), or proportions as appropriate. Baseline clinical and echo-
cardiographic findings were compared among fetal cohorts with
versus without a treatment response. Fisher’s exact test was used
for categorical variables and Student’s ¢ test or Mann-Whitney U
test for continuous variables. Kaplan-Meier estimates and log rank
were used to plot freedom from pacemaker implantation and to
assess between-cohort differences. Data were analyzed with Graph
Pad Software for Windows (Graph Pad Inc., San Diego, CA, USA).

Results

Table 1 shows the findings of 59 study cases without
(nonresponders) versus with (responders) improvement
in AV conduction on anti-inflammatory treatment. Pa-
tients diagnosed <24 gestation weeks were significantly
more likely to receive 8 mg/day of dexamethasone when
compared with a later CAVB diagnosis (p = 0.0037).

Prenatal Effects

CAVB persisted in 54/59 (92%) cases. This includes
30/30 fetuses that received dexamethasone after 24 gesta-
tion weeks and/or at a starting dose of 4 mg/day (group
1). In contrast, restoration of AV conduction was docu-
mented in 5/29 (17%) fetuses treated for the first 2 weeks
with 8 mg/day of dexamethasone and <24 gestation weeks
(group 2) (group 2 vs. 1: odds ratio 13.69; 95% confidence
interval 0.72-260.13; p = 0.024). Reversal of CAVB was
furthermore significantly associated with a faster ventric-
ular rate (VR) at the time of CAVB diagnosis, while other
findings were largely comparable among the cohorts.

Outcome of Responders

Figure 1 illustrates the prenatal and postnatal evolu-
tion of AV block of the 5 responders. CAVB reappeared
in all of them either prenatally (n = 1) or postnatally be-
fore (n = 3) or after (n = 1) the first year of life:

Case 1 has been previously reported [11]. Dexametha-
sone was started following CAVB diagnosis (VR 80 bpm)
at 21 + 4 weeks gestation. AV conduction improved to
type-1 AVB Il at 22 + 3 weeks, AVB I (AVI 170 ms) at 23
+ 4 weeks, and normal 1:1 conduction (AVI 140 ms) at 27
weeks. The AV conduction deteriorated to 2:1 AVB at 29
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Fig. 1. Prenatal (left panel) and postnatal (right panel) evolution in AV conduction of the 5 treatment responders
(cases 1-5; see result section for details). AVB, atrioventricular block; III, third-degree or complete; II, second-
degree; 1, first-degree; AV, atrioventricular.

Table 1. Characteristics of study cases without (nonresponders) versus with (responders) improvement in AV
conduction on transplacental dexamethasone treatment

Variables Nonresponders Responders p values
n 54 5
CAVB diagnosis, weeks 23 (17-33) 21 (20.4-24) 0.18
Heart rate at diagnosis, bpm 58 (38-92) 80 (60-97) 0.0036
Heart rate >70 bpm, n (%) 5(9) 4 (80) 0.0013
EFE at diagnosis, (%) 12/54 (22) 2/5 (40) 0.58
Prenatal dexamethasone, n (%) 54/54 (100) 5/5 (100)
Start of treatment, weeks 24 (17-33) 21 (20.4-24) 0.12
Starting dose <24 weeks >24 weeks <24 weeks >24 weeks
4 mg/day 5 13 0 0
8 mg/day 24 12 5 0
Duration of treatment, weeks 11.5 (2-18) 15 (12.9-17.7) 0.04
Prenatal IVIG, n (%) 10/54 (20) 3/5 (60) 0.067
Start of treatment, weeks 20.5 (17-25) 23 (20.4-26) 0.21
Prenatal salbutamol, #n (%) 20/54 (37) 0/5 (0) 0.16
Start of treatment, weeks 30 (20-35) -
Duration of treatment. weeks 5(1-11) -
Oligohydramnios, 7 (%) 6/54 (11) 1/5 (20) 0.48
Age at delivery, weeks 36.7 (23-39) 36.0 (36.0-38.1) 0.51
Weight at delivery, kg 2.49(0.31-3.4) 2.27 (1.61-2.47) 0.75
Permanent pacemaker implant, n (%) 45/49 (92) 2/5 (40) 0.013
Follow-up, years 10.3 (1.1-18) 12.3 (1.5-16.5) 0.69

bpm, beats per minute; CAVB, CAVB, complete atrioventricular block; EFE, endocardial fibroelastosis; IVIG,
intravenous immune globulin; AV, atrioventricular. Median (range) or #n (%). Fisher’s exact test for categorical
variables and Student’s ¢ test or Mann-Whitney U test for continuous variables were employed, as appropriate.
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Fig. 2. Kaplan-Meier freedom of pacemaker implantation compar-
ing nonresponders (blue line) and responders (red line) to prena-
tal CAVB treatment with dexamethasone (Log rank, x* = 5.19;
p =0.023). CAVB, complete atrioventricular block.

weeks despite high-dose dexamethasone (6 mg/day) and
IVIG and to CAVB at 34 weeks. At 17.5 years, this female
is asymptomatic and unpaced (average VR 51 bpm).

Case 2 presented with CAVB (VR 97 bpm) at 21 weeks
gestation. On dexamethasone, this improved to intermit-
tent type-2 AVB Il at 22 weeks and to type-1 AVBII from
25 + 4 weeks to delivery. The girl was delivered at 34 + 6
weeks for oligohydramnios when type-1 AVB II was con-
tirmed by ECG. Holter at 13 and 26 months of life, respec-
tively, showed predominant and finally permanent
CAVB. At 15 years of life, she is well and unpaced (aver-
age VR 59 bpm).

Case 3 was referred at 24 weeks for fetal CAVB (VR 60
bpm) and ascites. The effusion resolved with dexametha-
sone but CAVB continued to 29 weeks when the steroid
treatment was reduced to 2 mg/day as per protocol. At 31
weeks, AVB I (AVI 220 ms) with a heart rate of 135 bpm
was noted. The boy was electively delivered at 36 + 5
weeks and AVB I (PR interval 184 ms) confirmed by
ECG. Holter at 5 months of life showed intermittent AVB
2 with an average heart rate of 82 bpm. He presented with
decreased appetite and lethargy at 8 months when severe
ventricular dysfunction and CAVB (VR 46 bpm) were
noted for which he required an emergency pacemaker
implant. He is well at 12.3 years of life with normalized
cardiac function.

Case 4 was diagnosed with CAVB (VR 95 bpm) and
echogenic AV valvar papillary muscles at 21 weeks. On
dexamethasone and IVIG, 2:1 AVB was documented at
23 weeks that had improved to AVB I (AVI 220 ms) 2
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weeks later. AVB I (PR interval 216 ms) was confirmed
after the girl’s delivery at 36 weeks. She was well until 6
months of life when she presented in heart failure second-
ary to spontaneously ruptured tricuspid valvar chordae
and a new diagnosis of CAVB (VR 94 bpm). The tricuspid
valve was successfully repaired. She is asymptomatic and
unpaced (VR 48 bpm) at 12.1 years of life.

Case 5 presented at 20 + 3 weeks with CAVB (VR 75
bpm), EFE, and runs of ventricular tachycardia up to 255
bpm. On dexamethasone and IVIG, the tachycardia re-
solved. Variable AV conduction (AVB I, type-1, and
type-2 AVB II) with heart rates at around 110 bpm was
documented from 24 weeks to birth at 38 weeks. The AV
conduction deteriorated to 2:1 AVB at 1 month and
CAVB (VR 54 bpm) at 3 months when the girl underwent
elective epicardial pacemaker implant. She remains well
at 1.5 years of life.

Outcome of Nonresponders

Of 54 nonresponders, 3 cases died in utero and 2 after
birth following withdrawal of care (extreme prematurity;
asphyxia). Table 1 and Figure 2 illustrate the differences
in timing of postnatal pacing between responders and ac-
tively managed nonresponders. The median age at pace-
maker implant of nonresponders was 5 days.

Discussion

The current understanding of the pathomechanism of
immune-mediated CAVB includes that the deposition of
maternal anti-Ro antibodies in the fetal heart may initiate
a cascade of inflammatory responses that in turn contrib-
ute to the fibrosis and calcification of the AV node. This
process can begin as early as 16-18 gestation weeks when
increasing amounts of maternal IgG cross the placenta,
bind apoptotic cardiocytes, and block their physiological
removal [12, 13]. The ensuing inflammation may then
initially manifest as a delay or partial blockage of the
atrioventricular electrical impulse propagation and still
be reversible with transplacental steroids. Indeed, we and
others [4, 5] have shown that prenatal anti-inflammatory
treatment of incomplete AVB may persistently improve
or normalize the AV conduction. Nonetheless, incom-
plete fetal heart block is a rare observation probably due
to a rapid transition from normal AV conduction to
CAVB within less than a week [5, 14].

Once established, CAVB is considered as the clinical
manifestation of irreversible AV nodal damage. This con-
cept is supported by limited pathology data in the medical
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literature. Llanos et al. [3] reviewed the postmortem find-
ings of a handful of fetuses that were diagnosed with
CAVB several weeks before the fetal demise. Extensive fi-
brosis/calcification of the AV node + the bundle of his in
the absence of residual inflammation was documented in
all specimens. Presumably related to a similarly advanced
pathology, none of our study cases diagnosed with CAVB
after 24 gestation weeks responded to anti-inflammatory
medication with an improvement in AV conduction. Our
findings, however, support that high-dose dexametha-
sone may restore AV conduction if treatment is initiated
at an earlier gestational age, arguably closer to the disease
onset, and if the VR is faster than usual for fetal CAVB.
Indeed, sustained reversibility of CAVB with treatment
was exclusively observed in cases treated <24 weeks and
all but 1 responder displayed baseline VRs above 70 bpm.
Supporting the concept of a functional conduction block-
age due to tissue inflammation in these cases, AV conduc-
tion partially resumed within a few days of treatment
(Fig. 1) and then continued to further improve over the
next 2-5 weeks to birth. In case 3, however, diagnosed
later (24 weeks) and with a lower VR (60 bpm) compared
with the other responders, CAVB persisted for >6 weeks
until AVB I was first documented. This observation can-
not be solely explained by an anti-inflammatory treatment
effect but implies other mechanisms to play a role, such as
the new formation of viable fetal AV conduction tissue.

Despite the perinatal use of anti-inflammatory medi-
cation, CAVB eventually reappeared in all responders ei-
ther before or after birth: this outcome, however, was as-
sociated with a significantly lower requirement of postna-
tal pacing when compared with nonresponders (Fig. 2).
Mechanisms to explain the perinatal progression from
incomplete to complete heart block are speculative but
likely include ongoing AV nodal scarring and the physi-
ologic loss of cardiocyte proliferation after birth. Future
treatment strategies to preserve AV conduction beyond
birth may therefore include the addition of anti-fibrotic
medication.

Limitations

As outlined in the method section, dexamethasone
starting doses depended on the era of CAVB diagnosis.
While our findings support the potential of CAVB rever-
sal with 8 mg/day before 24 weeks, there are insufficient
case numbers (n = 5) in this age-group to assess the im-
pact of the high versus low dose steroids. Regression of
CAVB with 4 mg/day has, however, not been reported in
theliterature. Itis also not possible to conclude on the role
of IVIG in this study: although a larger proportion of re-
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sponders were prenatally treated with IVIG (Table 1),
only 2/5 cases did receive a first dose of this medication
at the time of CAVB diagnosis.

In summary, transplacental dexamethasone restored
AV conduction in a subgroup of fetuses with immune-
mediated CAVB. This temporary effect was associated
with alower rate of postnatal pacing when compared with
the cohort of nonresponders.
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