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Table 1
Clinical characteristics and the results of ventricular stimulation study.
No Age Sex Symptom FH Order in drug Control sp BB
Induction Pacing site Induction Pacing site Induction Pacing site

1 51 M 1 0 C—ISp Positive RVA Positive RVA -

2 37 M i} 1 C ISP Positive RVOT Positive RVOT -

3 52 M 0 ¢ C— ISP Positive RVA Positive RVA -

4 40 M 4] 1 C->1SP Positive RVOT Negative# -

5 30 M 1 Q C—Isp Positive RVOT Negative# -

6 50 M 2 ¢] C— ISP Positive RVA Negative -

7 68 M 1 0 C— ISP Positive RVA Negative -

8 63 M 1 ] C-> ISP Positive RVA Negative -

9 57 M 1 0 C—ISP Positive RVA Negative -
10 53 M 1 0 C— ISP Positive RVOT Negative -
11 62 M 1 0 C-»15P Positive RVOT Negative -
12 25 M 1 1 C-» ISP Positive RVOT Negative -
13 26 M 0 a C— ISP Positive RVOT Negative -
14 37 M ] 1 C— ISP Positive RVOT Negative -
15 46 M o] 8] C— ISP Positive RVOT Negative -
16 39 M [§] 0 C- ISP Positive RVOT Negative -
17 55 M 2 1 C— ISP-» PRO Positive RVA Negative Positive RVOT
18 28 M 2 0 C—1SP-s PRO Positive RVOT Negative Pesitive RVOT
19 59 M 1 [¢] C-> ISP PRO Positive RVOT Negative Positive RVOT
20 62 M 0 a C-»>ISP-> PRO Positive RVOT Negative Negative
21 62 M 0 4} C— ISP— PRO Positive RVA Negative Positive RVA
22 62 M o] 0 C—ISP— PRO Positive RVOT Negative Positive RVA
23 77 M 1 ¢] C—BB— ISP Positive RVA Positive RVOT Positive RVA
24 71 M 0 1 C—BB—ISP Positive RVA Positive RVA Positive RVA
25 54 M 4] [0} C—» BB— ISP Positive RVA Negative Positive RVOT
26 48 M 1 4] C— BB Positive RVA - Positive RVOT
27 50 M 0 o] C-»BB Positive RVOT - Positive RVOT

M, male; FH, family history of sudden cardiac death; ISP, isoproterenolol; PRO, administration of propranoclol {i.v.); C, control; RVA, right ventricular apex; RVOT, right
ventricular outflow tract, -, not dene; #, non-sustained polymorphic ventricular tachycardia was induced.

fulfilled the following study criteria were selected: (1) diagnosis
of BS; (2) VF > 10 s induced from 2 right ventricular sites [right ven-
tricular apex (RVA) and/or right ventricular outflow tract (RVOT)]
in the control state; (3) electrophysiological stimulation (EPS) also
performed during administration of ISP and/or after intravenous
injection of PRO. In this study, symptomatic was defined as patients
with a history of documented ventricular tachycardia (VT), VF,ora
history of syncope, and asymptomatic was defined as patients with-
out episodes of documented lethal ventricular arrhythmia and/for
syncope.

In addition, patients had undergone ECG, Na* channel blocker
challenge testing, coronary angiography, and cardiac echocardiog-
raphy during their hospitalization (Table 1).

Diagnosis of BS was based on criteria from a previous report
[16] as follows: type 1 ECG shown spontaneously or in response
to Na* channel blocker challenge testing in the standard right
precordial leads (leads V1-3) or one intercostal space above the
standard right precordial leads, and absence of other factors such
as ischemia, electrolyte disturbance, or hypothermia that may
cause ST-segment abnormality. All patients underwent echocar-
diography with careful attention to RV enlargement and/or wall
motion abnormalities to exclude arrhythmogenic RV cardiomyopa-
thy. Implantable cardioverter-defibrillators were implanted in 3
patients in the asymptomatic group and 9 patients in the symp-
tomatic group.

Patients provided written informed consent. This study was
approved by the Institutional Clinical Research and Ethics Com-
mittee of Yamaguchi Graduate School of Medicine.

Na* channel blocker challenge testing

Na* channel blocker challenge testing was performed using
pilsicainide, as previously reported [16]. The so-called “pure Na*
channel blocker” pilsicainide was administered intravenously at
1 mg/kg for 10 min with continuous ECG and non-invasive blood

pressure monitoring. During drug administration, we started mon-
itoring not only the standard right precordial leads V1-3, but also
those recorded from 1 intercostal space higher than the right pre-
cordial leads using the V4-6 electrodes. Drug administration was
immediately stopped when ST elevation (>0.5 mV), extensive QRS
prolongation, unfavorable symptoms, and/or frequent ventricular
arrhythmias were observed. The test was considered positive if
the coved-type ECG pattern (type 1 ECG) appeared in more than
one right precordial lead. Further, the additional ST elevation more
than 1 mm was positive when the patient had already type 1 ECG
immediately before Na* channel blocker challenge testing.

Electrophysiological testing

EPS was performed as reported previously {17,18]. Patients
underwent testing in the fasting state. All previous anti-arrhythmic
agents had been discontinued for at least five half-lives. An intra-
venous propofol infusion was used to achieve general anesthesia.

Recordings

A standard 6F decapolar catheter with 2-mm-wide electrodes
and 2-mm interelectrode spacing were positioned in the high lat-
eral right atrium, His bundle region, coronary sinus, RVA, and RVOT.
The 12-lead surface ECG leads were recorded through a 0.5-100-Hz
filter. ECG was recorded simultaneously with intracardiac elec-
trograms (ICEs). Bipolar endocardial electrograms were recorded
through a 30-150 Hz filter with a sampling interval of 1 kHz using a
computed electric recorder (CardioLAB v51D, GE Medical Systems,
Waukesha, W1, USA).

Stimulation protocol

Programmed electrical stimulation was delivered at twice the
diastolic threshold at a pulse width of 2 ms (Fukuda-denshi, Tokyo,
Japan). Programmed stimulation at basic cycle lengths of 600 and
400 ms at the RVA pacing site started with up to 2 extrastimuli and
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a minimum coupling interval of S;S; 180 ms. The same method
was used at the RVOT pacing site. Then, programmed stimulation
with 3 extrastimuli and minimum coupling intervals of S;S3 and
S3S4 200 ms and rapid pacing down to a cycle length of 240 ms or
2:1 ventricular response were performed at the RVA site. Finally,
the same method was used at the RVOT pacing site. When VF was
induced during pacing, cardioversion therapy was initiated after
observation for several seconds to confirm lack of spontaneous
termination. Direct current (DC) shock was then delivered. Stimula-
tion resumed 5 min after successful cardioversion in all induced VF.
In only one VF episode, cardioversion was not performed because
VF terminated spontaneously at 15.8 s immediately before the
delivery of DC.

ISP and PRO administration

After examination of the control state, ISP was administered as
a bolus injection intravenously at a dose of 1-2 g, followed by
continuous ISP infusion at a dose of 0.15-0.30 p.g/min until base-
line heart rate increased 20 bpm, at which point EPS was begun.
Sixteen patients received ISP alone (case no. 1-16 in Table 1). In 6
patients, PRO (total dose: 0.1 mg/kg) was injected intravenously at
1 mg/min after EPS under ISP, and EPS was restarted (case no. 17-22
in Table 1). In 3 patients, EPS during ISP was performed after EPS of
PRO (case no. 23-25 in Table 1). In 2 patients, EPS was performed
in the control state and after the administration of PRO (case no.
26-27 in Table 1).

We measured heart rate just before EPS in the control state and
ISP, and then calculated the increased rate of the heart rate (%), (the
difference of the heart rate before EPS between control state and
ISP/the heart rate in control) x 100, to assess the effect of ISP.

In the present study, VF was defined as a fast irregular ven-
tricular rhythm with a continuously changing morphology and a
cycle length <200 ms [19] lasting >10s. A fast irregular ventricu-
lar rhythm with a continuously changing morphology and a cycle
length >200ms for >10s was defined as non-sustained polymor-
phic VT, but not induced VF. VF duration was calculated from the
last stimulation to the last beat of VF.

Signal processing and FFT analysis

The data were analyzed using previously reported methods
[13]. In brief, VF episodes were selected using CardioLAB, then
transferred to a hard disk. Next, binary data from the ventricular
electrogram were retrieved from the hard disk of the Cardio-
LAB system using a USB and made compatible with multipurpose
physio-informatic analysis software (BIMUTAS Il for Windows, KIS-
SEI COMTEC, Ltd., Tokyo, Japan) on a personal computer. Finally,
5 phases of 4-s data were selected as an epoch (Fig. 1A). Surface
ECG (leads 1, aVF, V1, and V5) and rectified bipolar electrograms
(RVOTgistat, RYOT proximals RVAdistal, and RVAproximal) Were analyzed
using 4096-point FFT (spectral resolution: 0.24 Hz) with a Ham-
ming window [13] and the BIMUTAS II. Each of the four surface
ECGs and four ICEs in each epoch was padded to 4096 points with
zeros. Further, data in the last phase >2.0s with 0-padding was
formed to 4096 points for FFT analysis in 4 patients.

The power spectrum of electrograms at each recording site was
obtained, then the dominant frequency (DF) [11-13], defined as
the frequency of the peak with the largest amplitude, was obtained
from each epoch in each phase. We also assessed DF from surface
ECGs to compare with the DF from bipolar electrograms.

Average DF from surface ECGs and ICEs was calculated to allow
quantitative comparison. These values were used as the DF of ECG
(DFgeg ) and the DF of ICE (DFj¢cg) in each phase (Fig. 1B).

The effective refractory period (ERP) was defined as the maxi-
mum coupling interval during a single program stimulation with a
failed ventricular reaction.

Statistical analysis

Data are presented as mean 4+ SD. A simple regression test was
used to determine the relationships among the data. One-factor
ANOVA was used for the change of phase analysis. Repeated-
measure ANOVA was used to analyze differences in the change of
phase between the asymptomatic and symptomatic groups. The
chi-square test for independence was used for comparisons of
prevalence. Student’s t-test (unpaired or paired) was also used as
appropriate. These analyses were performed using StatView 5.0 for
Windows (SAS Institute Inc., Cary, NC, USA).

Results
ERPs and inducibility in controls, ISP, and PRO

ISP significantly shortened the ERP in both the RVA and RVOT
at basic cycle lengths of 600 and 400 ms (Table 2). However, there
was no significant difference in ERP in either the RVA or RVOT at
cycle lengths of 600 and 400 ms for PRO (Table 2).

The mean VF duration was 14.64+2.0s in the control study
(n=27), 145+ 1.5s in the ISP study (n=5), and 14.54+2.1s in the
PRO study (n=10). ISP decreased the incidence of induced VF from
22 patients to 3 patients (13.6%). Thus, ISP prevented VF induc-
tion in 19 patients (86.4%), including 2 patients with non-sustained
polymorphic VT (Fig. 2). ISP also suppressed VF in 1 (33.3%) of 3
patients who tested positive after PRO (Fig. 3 and Table 1).

ISP significantly (p <0.0001) increased. the heat rate just before
EPS from control state (64.9+9.5 beats/min) to ISP (86.1 +14.2
beats/min). There was no significant difference of heart rate
just before EPS in the control state between the negative VF
group (65.6 + 9.7 beats/min) and the positive VF group (62.4 £ 9.7
beats/min). Neither, there was no significant difference (p =0.083)
of the heart rate just before EPS in ISP between the neg-
ative VF group (88.7+13.6 beats/min) and the positive VF
group (75.6+12.6 beats/min). There was a significant difference
(p=0.009) of the increase rate of the heart rate between the nega-
tive VF group during EPS in ISP (20.9% + 4.6%) and the positive VF
group during EPS in ISP (37.3% 4+ 24.0%).

On the other hand, PRO did not change the incidence of induced
VFin the 5 patients. In some patients (Fig. 4), ventricular fibrillation
was induced in a lower stimulation mode, and surface ECG during
VF was disorganized compared with that in the control state. PRO
also induced VF in 5 (83.3%) of 6 patients who tested negative after
ISP (Fig. 3 and Table 1).

DF transition of VF with phase in the control state

In the control state (n=27), the duration of induced
VF was 14.6+2.0s. DFgcg significantly increased with phase
(p<0.0001, one-factor ANOVA; 5.61+0.40Hz, 5.74+0.53Hz,
6.07 +£0.36 Hz, 6.13+0.52Hz, and 6.144+0.50Hz in phases 1, 2,
3, 4, and 5, respectively; Fig. 5, left panel). DFcz also sig-
nificantly increased with phase (p=0.0006, one-factor ANOVA;
5.72 +£0.38 Hz, 5.88+0.43 Hz, 6.054+0.37Hz, 6.144+0.48 Hz, and
6.18 £0.51 Hz in phases 1, 2, 3, 4, and 5, respectively; Fig. 5, right
panel).

DF transition with phase during ISP

VF was induced in only 5 patients during ISP. In the corre-
sponding cases (n=>5), DFgcg in the control state was 5.63 + 0.32 Hz,
5.89+0.30Hz, 6.07+0.36Hz, 6.13+0.33Hz, and 6.18+0.39Hz
in phases 1, 2, 3, 4, and 5, respectively. DFgcg during ISP was
5.84+0.13Hz, 6.12+0.17Hz, 6.27+0.11Hz, 6.17 +£0.19Hz, and
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Fig. 1. (A) Representative case of induced ventricular fibrillation (VF) in the control state. Surface electrocardiogram and intracardiac electrogram in a patient with symp-
tomatic Brugada syndrome (case 5, Table 1). VF was induced by double-mode ventricular stimulation (S1/52/S3 =600/270/210ms) from the right ventricular outflow tract
(RVOT) site. Phase number indicates the 4-s data segment. (B) A Fast Fourier transform (FFT) analysis as in Fig. 2A. Raw data of FFT analysis in phase 1 (left panel) and phase 5
(right panel) are shown. The dominant frequency (DF) is indicated by the number, and the dot represents the maximum point in the power spectrum. DF of ECG (DFgcg ) was
calculated as the mean DF (in leads I, aVF, V, and V5). The DF of intracardiac ECG (DFicg) was calculated as the mean DF (in RVOTd, RVOTp, RVAd, and RVAp). Both DFgcg and
DFice in phase 5 were higher than those in phase 1. The dotted line marks 6.0 Hz. DC, direct current shock delivery; RVAd, the distal pair of the right ventricular apex; RVAp,
the proximal pair of the right ventricular apex; RVOTd, the distal pair of the right ventricular outflow tract; RVOTp, the proximal pair of the right ventricular outflow tract.

Table 2
Effective refractory periods of basic cycle lengths of 600 and 400 ms in the control state, isoproterenol (ISP), and propranolol (PRO).
Control vs. ISP Control vs. PRO
BCL 600ms
RVA {ms) 234£15vs. 22613, n=16, p=0.034 2384:17vs.2364£9,n=11,p=0.749
RVOT (ms) 230:4:12vs.219:: 14, n=16, p=0.029 236::13v5.232:4£12,n=11,p=0.309
BCL 400 ms
RVA (ms) 2134£11vs. 203412, n=25, p=0.001 213+14vs. 215413, n=11,p=0.391
RVOT (ms) 220+17vs. 203 £ 16, n=25, p=0.002 219£10vs. 216 £12,n=11,p=0.343

Comparison of the control state with ISP or PRO was performed only in corresponding data.

BCL, basic cycle length; ISP, isoproterenol; PRO, propranolol. ISP significantly shortened the effective refractory period in both the right ventricular apex (RVA) and the right
ventricular outflow tract (RVOT) at basic cycle lengths of 600 and 400 ms.
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Fig.2. Non-sustained polymorphic ventricular tachycardia was only induced during
isoproterenot drip infusion in case 5. RVOT, right ventricular outflow tract; RVAd,
the distal pair of the right ventricular apex; RVAp, the proximal pair of the right
ventricular apex; RVOTd, the distal pair of the right ventricular outflow tract; RVOTp,
the proximal pair of the right ventricular outflow tract.

6.14+0.28Hz in phases 1, 2, 3, 4, and 5, respectively. By con-
trast, DFjce in the control state was 5.63 £0.30Hz, 5.75 £ 0.33 Hz,
6.00+0.21Hz, 6.15+0.29Hz, and 6.15+0.38Hz in phases 1, 2,
3, 4, and 5, respectively. DFicp during ISP was 5.94+£0.27 Hz,
6.114+0.18Hz, 6.20 +0.13 Hz, 6.18 ::0.27 Hz, and 6.06 £ 0.29Hz in
phases 1, 2, 3, 4, and 5, respectively.

ISP significantly influenced the transition of DFgc¢ and DFjcg
compared with the control state (p=0.0001 in DFgcg, p=0.005 in
DFjce by repeated-measure ANOVA; Fig. 6, upper panel). Note that
DFgcg and DFjcg gradually increased from phase 1 to phase 3 but
not from phase 3 to phase 5.
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Fig. 3. Results of ventricular stimulation and pharmacological testing. VF(+): pos-
itive induction of ventricular fibrillation; VF(-), negative induction of ventricular
fibrillation; ISP, isoproterenol; PRO, propranolol; pts, patients; VT, ventricular tachy-
cardia.

DF transition with phase after PRO

VF was induced in 10 patients after PRO. In the correspond-
ing cases (n=10), DFgce in the control state was 5.7040.38 Hz,
5.75+0.59Hz, 6.15+0.36Hz, 6.17+0.56Hz, and 6.20+0.46Hz
in phases 1, 2, 3, 4, and 5, respectively. DFgcg after PRO was
5.78 +0.45Hz, 6.15+0.40Hz, 6.26+0.47 Hz, 6.28 +0.43 Hz, and
6.49 +£0.49Hz in phases 1, 2, 3, 4, and 5, respectively. By con-
trast, DFcg in the control state was 5.72 £0.36 Hz, 5.81 £ 0.42 Hz,
6.11+0.36Hz, 6.20+0.41 Hz, and 6.26 +0.49Hz in phases 1, 2,
3, 4, and 5, respectively. DFcg after PRO was 5.93+0.42 Hz,
6.20+0.42 Hz, 6.29+0.42Hz, 6.36 - 0.57 Hz, and 6.53 +0.55Hz in
phases 1, 2, 3, 4, and 5, respectively.

PRO significantly influenced the transition of DFgcg and DFcg
compared with the control state (p <0.0001 in DFgcg, p <0.0001 in
DFjcg by repeated-measure ANOVA,; Fig. 6, lower panel). Both DFgcg
and DFc after PRO were relatively high in each phase of the control
state.
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Fig. 4. Ventricular fibrillation was induced from triple mode ventricular stimulation (S;/S2/S3/S4 =600/230/200/200 ms) at the right ventricular apex (RVA) in the control
state (upper panel) and from double mode ventricular stimulation (S;/S2/S3 =400/240/180 ms) at the right ventricular outflow tract (RVOT) after propranolol i.v. (lower
panel). Ventricular fibrillation was induced in a lower stimulation mode, and surface electrocardiogram was disorganized compared with that in the control state.

—240—



52 T. Omiya et al. / Journal of Cardiology 60 (2012) 47-54

Hz DF Hz
7.27 Fee 7.27 PFice

7 P<0.0001 77 P=0.0006
6.8 6.8
6.6 6.6
6.4 6.4
6.2 6.2

6 67
5.8 58-
5.67 5.6
5.47 5.4
5.2° n=27 5.2 7 n=27

5 v 5

1 2 3 4 5 1 2 3 4 5
phase phase

Fig. 5. Transition of dominant frequency of electrocardiogram (DFgcg) and intracardiac electrogram (DFice) in controls. DFecc and DFj¢; significantly increased with phase

increase (p <0.0001 and p=0.0006, respectively).
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Fig. 6. Comparison of the transition of dominant frequency of electrocardiogram (DFgcc) and intracardiac electrogram (DFicg) in the control state and drip infusion of ISP
(upper panel) and PRO (lower panel). Transition of DFgcc and DFjcg with phase was significantly influenced by both ISP infusion (p=0.0001 in DFgc¢ and p=0.005 in DFicg)
and PRO (p <0.0001 in DFgeg and p<0.0001 in DFcg). ISP suppressed the increase in DF with phase increase. Inversely, PRO increased DF in each phase compared with the

control state. ISP, isoproterenolol; PRO, administration of propranolol.

Discussion

The occurrence of spontaneous VF in patients with BS is related
to increases in vagal tone [3]. Inversely, VF electrical storm is
sometimes prevented by the increase of sympathetic tone via
ISP administration [7,20]. ST elevation in the right precordial
leads, the specific ECG pattern of BS, increases by parasym-
pathetic agonists and decreases by sympathetic agonists [3].
However, there is little information on the influence of adrener-
gic tone in the induction of VF by ventricular stimulation or VF
frequency measurement by surface ECG and ventricular electro-
grams.

DF transition obtained by FFT during VF

In the present study, surface ECG was analyzed without signal
processing because the shape of the waves is similar to that of sine
waves. On the other hand, bipolar electrograms were analyzed after
signal processing similar to the FFT analysis of atrial fibrillation as
previously reported [13].

Electrical signal characteristics during VF in humans have been
related to the mode of induction {21], duration of the arrhythmia
[19], underlying heart disease [22], or drugs [10]. DF during VF has
been reported as a potential physiologic indicator of VF duration
[23].

—241—



T. Omiya et al. / Journal of Cardiology 60 (2012) 4754 53

DFgc¢ and corresponding DFjcg showed similar values and the
change with phase in present study. The close relationship between
DFgce and DFjcg during the initial phase of induced VF (<3.3 min)
has been reported [24]. Further, DF at the initial phase during
induced VF was highly reproducible [25].

In the present study, both DFycg and DFgeg significantly
increased with phase. This is consistent with previous reports
{10,11]. Initial phase DF was in the 8-12 Hz range in dogs and some-
what lower in humans [11}. In the present study, DFcg of phase 1
in patients with BS was 5.72 + 0.38 Hz, which was higher than that
in previous studies [8,10]. This suggests that the initial phase DF of
induced VF in patients with BS may be higher than that in patients
with apparent heart disease.

Influence of adrenergic activity on DF transition during VF

ISP has been reported to suppress arrhythmic storm in sporadic
cases [7]. In the present study, DFs at the early phase 1 and 2 were
relatively higher than those of control state. This can be explained
by the ventricular ERP shortened by ISP. It seemed that the increase
of DF at the late phase since phase 3 (4-8 s) was suppressed by ISP.
On the other hand, PRO significantly accelerated DF from phase 1
compared with that in the control state.

In VF, a conduction delay occurs at the anterior wall and outflow
tract of the right ventricle and is possibly exacerbated by an abrupt
rise in vagal activity, inducing the random reentry that results in VF
[3]. Therefore, VF suppression may result from the improvement
of a conduction delay at the RVOT site by ISP. In another mech-
anism, beta-adrenergic stimulation induces the increased inward
calcium current and attenuates excess of the outward current,
resulting in action potential change, which suppresses phase 2
reentry [26]. Unfortunately, the detailed mechanism of VF sup-
pression is not clear. However, the results of the present study
are consistent with suppression of the electrical storm of VF by
ISP [7,20] and a decrease of the ] point in the right precordial lead
[3].
Beta-blockers are ineffective for VF in patients with BS [3]. In the
present study, beta-blockers have been shown to have the potential
to aggravate VF in patients with BS.

Limitations of the present study

This study has several limitations. First, the sample sizes were
small. Second, EPS during ISP after PRO may still be influenced
by PRO because of the relatively long half-life of PRO. In fact, the
increased rate of the heart rate of the negative VF group during EPS
in ISP was significantly smaller than that of the positive VF group
during EPS in ISP. This result may suggest the inducibility of VF dur-
ing ISP depends on the effect of ISP on the sympathetic system. In
other words, the inducibility of VF during ISP depends on the con-
centration of ISP. But, we need further examination of this issue.
Third, 2 of the 5 patients underwent administration of PRO before
ISP, and 5 of the 10 patients were subjected to ISP injection before
PRO. The results of DF transition in two groups may be influenced
by these pre-medications. Fourth, clinical and induced VF episodes
in humans may have different spectral characteristics [9]. However,
changes in DF from induced VF should be reflected by the substrate
of VF and in the electrophysiological characteristics in patients with
BS.
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Evaluation of Transplacental Treatment
for Fetal Congenital Bradyarrhythmia
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Background: There are few large studies of fetal congenital bradyarrhythmia. The aim of the present study was to
investigate the effects and risks of transplacental treatment for this condition.

Methods and Results: Using questionnaires, 128 cases of fetal bradyarrhythmia were identified at 52 Japanese
institutions from 2002 to 2008. Of the 128 fetuses, 90 had structurally normal hearts. Among these 90 fetuses, 61 had
complete atrioventricular block (CAVB), 16 had second-degree AVB, 8 had sinus bradycardia, and 5 had other con-
ditions. The 61 CAVB fetuses were divided into those who did (n=38) and those who did not (n=23) receive transpla-
cental medication. Monotherapy with 8-sympathomimetics, steroid monotherapy, and combination therapy with these
agents was given in 11, 5 and 22 cases, respectively. Beta-sympathomimetics improved bradycardia (P<0.001), but
no medication could significantly improve the survival rate. Fetal hydrops was associated with a 14-fold increased
risk of perinatal death (P=0.001), and myocardial dysfunction was a significant risk factor for poor prognosis (P=0.034).
Many adverse effects were observed with steroid treatment, with fetal growth restriction increasing significantly after
>10 weeks on steroids (P=0.043).

Conclusions: Treatment with B-sympathomimetics improved bradycardia, but survival rate did not differ signifi-
cantly in fetuses with and without transplacental medication. it is recommended that steroid use should be limited
1o <10 weeks to avoid maternal and fetal adverse effects, especially fetal growth restriction and oligohydramnios.
(Circ J 2012; 76: 469~-476)

Key Words: Anti-Ro/SSA antibody; Congenital atrioventricular block; Pregnancy; Steroids; Transplacental treatment

life-threatening disease, especially in the case of com-

plete atrioventricular block (CAVB), which has a poor
prognosis because of fetal hydrops, endocardial fibroelasto-
sis and late-onset dilated cardiomyopathy.’? Predominantly
untreated CAVB has a significant mortality rate of 14-34%,
while congenital CAVB is irreversible and requires a pace-
maker in approximately 66% of cases after birth.!9 The asso-

F etal congenital bradyarrhythmia is an uncommon but

ciation of CAVB with maternal anti-Ro/Sjogren’s syndrome
A (SSA) antibodies is well established, but the trigger for the
maternal antibody interaction with the fetal Ro particle is
unknown in some cases of antibody-exposed babies. %1112
There is limited evidence for the clinical efficacy of trans-
placental treatment of congenital AVB."3-'® Steroids and i.v.
immunoglobulins are given as anti-inflammatory treatment,
while f-sympathomimetics are used for fetal pacing.?® A recent
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Maternal anti-SSA antibodies
Gestational age at diagnosis (weeks)
Fetal heart rate at diagnosis (beats/min)
Fetal hydrops
Fetal myocardial dysfunction
Gestational age at initiation of therapy (weeks)
Fetal heart rate at initiation of therapy (beats/min)
Gestational age at delivery (weeks)
Birth weight (g)
Delivery mode
Vaginal
Cesarean section
Permanent pacemaker implantation
Neonatal survival

Medication No medication P value
group (n=38) group (n=23)

29 (76.3) 11 (47.8) <0.05¢
2413.2 2815.7 <0.005t
58%7.9 63x14.7 NSt

16 (42.1) 6 (26.1) NS#

13 (34.2) 7 (30.4) NS*
26+3.6 -

56:8.4 -
34240 35+4.5 NSt
2,120+620 2,528:653 <0.001t
8 7 NS#
30 16 NGt
14 (46.7) 6 (35.3) NSt
30 (78.9) 17 (73.9) NGH

Data given as mean+SD or n (%). P<0.05, significant difference.

tStudent’s t-test; fchi-square test and Fisher's exact test.

CAVB, complete atrioventricular block; SSA, Sjogren’s syndrome A.

cohort study found an improved survival rate of >90% with
initiation of maternal high-dose dexamethasone at the time of
CAVB detection, and maintenance of this drug during preg-
nancy with use of f-sympathomimetics to keep fetal heart rates
at >55beats/min.** It was also suggested that prolonged use
of dexamethasone might render fetuses with congenital CAVB
less likely to develop the additional manifestations of myocar-
ditis, cardiomyopathy, and hydrops fetalis, thus improving the
overall outcome. Use of steroids, however, is controversial
because of the potential risks for the fetus, including problems
with neurological development, growth retardation, and oligo-
hydramnios.**-

Few large studies of fetal congenital bradyarrhythmia have
been performed in Japan. The aims of the present study were
to determine the features of fetal congenital bradyarrhythmia
in Japan, and to examine the effects and risks of transplacental
treatment for this condition.

Methods

Subjects

Data were collected using questionnaires sent to Departments
of Perinatology and Pediatric Cardiology at 750 institutions in
Japan over 7 years (2002—2008). The response rate was 60.7%
(455 institutions). Fetal bradyarrhythmia was defined as ven-
tricular heart rate <100 beats/min at the time of diagnosis.? The
following perinatal data were also collected: gestational age
at diagnosis and delivery, presence or absence of a congenital
heart defect (CHD), type of bradyarrhythmia, method of diag-
nosis, presence or absence of maternal autoantibodies such as
anti-Ro/SSA antibodies, presence or absence of fetal hydrops,
presence or absence of fetal myocardial dysfunction, fetal ven-
tricular and atrial heart rate at presentation, prenatal treatment,
mode of delivery, and outcome. Adverse effects related to pre-
natal treatment were also evaluated.

Statistical Analysis

Statistical analysis was performed using STATA 11.1 (Stata-
Corp, College Station, TX, USA) and JMP 9 (SAS Institute,
Cary, NC, USA). Data are presented as mean+SD or number
of patients and were analyzed using Student’s t-test. Categor-
ical variables were evaluated on chi-square test and Fisher’s

exact test. Logistic regression was used to adjust for baseline
variables known to be associated with fetal ventricular heart
rate, fetal hydrops, fetal myocardial dysfunction, and maternal
anti-Ro/SSA antibody. Time to fetal or neonatal death was
analyzed using the Kaplan-Meier method with a log-rank test
and a Cox proportional hazard model. P<0.05 was considered
significant.

Results

Baseline Characteristics

A total of 128 cases were registered from 52 institutions during
7 years (2002-2008). All cases of fetal bradyarrhythmia were
diagnosed during fetal life using echocardiography. In 8 cases,
magnetocardiography was performed due to fetal bradyarrhyth-
mia and family history of long QT syndrome (LQTS). Of the
128 fetuses, 38 (29.7%) had CHD, 15 had left atrial isomerism,
1 had right atrial isomerism, 5 had atrioventricular septal de-
fect, 4 had corrected transposition of the great arteries, 4 had
pulmonary stenosis, and 9 had other conditions. Patent ductus
arteriosus and atrial septal defect were categorized as an ab-
sence of CHD. Ninety fetuses (70.3%) had a structurally nor-
mal heart, of whom 61 had CAVB, 16 had second-degree
AVB, 8 had sinus bradycardia, 3 had sick sinus syndrome. Nine
LQTS cases occurred in combination with another condition.

CAVB

Of the 61 fetuses with a structurally normal heart and CAVB
(Tabie 1), 38 received transplacental medication. No fetus
showed improvement of heart block. Monotherapy with f-sym-
pathomimetics was given in 11 cases, steroids were given in 5
cases, and combination therapy with these agents was used in
22 cases. No transplacental medication was given in 23 cases.
Ritodrine hydrochloride was used as the 3-sympathomimetic
agent. Steroids tended to be used in fetuses that were positive
for maternal anti-Ro/SSA antibody throughout pregnancy, but
the chosen steroid differed among institutions. Maternal i.v.
immunoglobulin was not used. After birth, a pacemaker was
implanted based on the Japanese guidelines of syncope, ven-
tricular heart rate <50beats/min, decreased cardiac function,
LQTS, and a sudden pause longer than 2-3-fold the regular
ventricular heart rate.
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OR 95%Cl P value

B—sympathomimetics : _ 49.02 - 5.18-464.02 <0.005
Steroids 1.832 0.24-7.20 0.745
B-sympathomimetics+steroids 725,448.8 0 0.996
Fetal heart rate 1 0.93-1.08 0.924
Fetal hydrops 0.41 0.07-2.39 0.319

" Fetal myocardial dysfunction 1.14 - 0.20-6.60 0.883
Maternal anti-Ro/SSA antibodies 0.22 0.04-1.36 0.105

P<0.05, significant difference.

Logistic regression was used to adjust for baseline variables known to be associated with fetal ventricular heart rate,
fetal hydrops, fetal myocardial dysfunction, and maternal anti-Ro/SSA antibodly.

OR, odds ratio; Cl, confidence interval; SSA, Sjogren’s syndrome A.

HR 95%Cl P value
-B-sympathomimetics 1.186 0.87-3.63 . 0.792
Steroids 0.56 0.20~1.58 0.273
Fetal heart rate 0.98 0.92-1.05 0.546
Fetal hydrops 13.84 3.12-61.44 0.001
Fetal myocardial dysfunction . 2.44 0.71-8.40 0.157
Maternal anti-Ro/SSA antibodies 1.07 0.33-3.47 0.906

P<0.05, significant difference.

Logistic regression was used to adjust for baseline variables known to be associated with fetal ventricular heart rate,
fetal hydrops, fetal myocardial dysfunction, and maternal anti-Ro/SSA antibody.

HR, hazard ratio; Cl, confidence interval; SSA, Sjogren’s syndrome A.

OR 95%Cl P value

B-sympathomimetics B 2 0.35-11.50 0.439
Steroids 0.27 0.04-1.97 0.198
Fetal heart rate 1.01 0.94-1.08 0.813
Fetal myocardial dysfunction 5.71 1.14-28.62 0.034
Maternal anti-Ro/SSA antibodies ] 0.71 0.13-3.90 0.698

P<0.05, significant difference.

Logistic regression was used to adjust for baseline variables known to be associated with fetal ventricular heart rate,
fetal myocardial dysfunction, and maternal anti-Ro/SSA antibody.

OR, odds ratio; Cl, confidence interval; SSA, Sjégren’s syndrome A.

The anti-Ro/SSA antibody-positive rate was significantly
higher in fetuses treated with transplacental medication com-
pared to those who did not receive this medication (76.3% vs.
47.8%; P=0.031). Gestational age at diagnosis was signifi-
cantly lower in those receiving transplacental medication (24.0
weeks vs. 28.3 weeks; P=0.003). Fetal ventricular heart rate at
diagnosis did not differ between the 2 groups, but the ven-
tricular heart rate was significantly lower in fetuses treated
with transplacental medication (56 beats/min vs. 63 beats/min;
P=0.034). Birth weight was also significantly lower in fetuses
treated with transplacental medication (2,120g vs. 2,528 g;
P=0.006). Gestational age at delivery, neonatal survival rate,
and pacemaker implantation rate did not differ between the 2
groups.

Multivariate analysis was performed with adjustment for
baseline variables with a known association with fetal ventricu-
lar heart rate, fetal hydrops, fetal myocardial dysfunction, and
the presence of maternal anti-Ro/SSA antibodies (Tables 2-4).
In this analysis, S-sympathomimetic treatment was signifi-
cantly associated with improved bradycardia (odds ratio [OR],
49.02; 95% confidence interval [CI]: 5.18-464.02; P<0.001),

Circutation Sournal

whereas steroids were ineffective, and no evidence of a syner-
gistic effect was obtained. The presence of maternal anti-Ro/
SSA antibodies may inhibit improvement of bradycardia, but
this effect was not significant (OR, 0.22; 95%CI: 0.04—1.36;
P=0.105). Drug therapy had no significant effect on survival.
Fetal ventricular heart rate and the presence of maternal anti-
Ro/SSA antibodies also had no influence on prognosis, but
fetal hydrops was associated with a 14-fold increased risk of
perinatal death (hazard ratio [HR], 13.84; 95%CT: 3.12-61.44;
P=0.001).

Kaplan-Meier survival curves are shown in Figare. The
primary endpoint was. intrauterine death or neonatal death.
Beta-sympathomimetic treatment was not associated with im-
proved prognosis. Steroid also did not improve the prognosis
(HR, 0.56; 95%CI: 0.20-1.58; P=0.273). Fetal myocardial
dysfunction was a significant risk factor for fetal hydrops (OR,
5.71; 95%CI: 1.14-28.62; P=0.034). Fetal ventricular heart
rate and the presence of maternal anti-Ro/SSA antibodies were
not associated with fetal hydrops. Beta-sympathomimetic treat-
ment did not inhibit development of fetal hydrops. Steroids
tended to inhibit fetal hydrops, but again this effect was not
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100+ . o
With beta-symphatomimetics
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~ Without beta-symphatomimetics
Q -
® (n=28)
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g Log rank P=0.88
2
@ 25-
0-
li i H 1
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Follow-up period (weeks)
B
100 —— With steroids (n=27)
[
X 75 * ”
~ Without steroids
e (n=34)
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cg Log rank P=0.26
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jos
o 25~ Figure.  Kaplan-Meier survival curves
(log-rank test and Cox proportional
hazard model) for the primary end-
point (fetal death or neonatal death)
B in fetuses treated (&) with and without
0 T : B-sympathomimetics and (B) with
0 5 10 and without steroids. Follow-up peri-

Follow-up period (weeks)

od, time from diagnosis in utero to
fetal or neonatal death. Significant dif-
ference defined as P<0.05.

statistically significant (OR, 0.27; 95%CI: 0.04—1.97; P=0.198).
Drug therapy had no significant effect on improvement of fetal
myocardial dysfunction.

Second-Degree AVB With Bradycardia

Of the 90 fetuses with a structurally normal heart, second-de-
gree AVB was present in 16 cases (Table 5). Transplacental
medication was given in 8 of these cases: f-sympathomimetic
monotherapy in 4, steroids in 3, and a combination of these
therapies in 1. In the 8 medication cases, fetal ventricular heart
rate at diagnosis was significantly lower than that in the non-
medication cases (70beats/min vs. 79 beats/min; P=0.017).
No other clinical characteristics differed significantly between
the 2 groups. Of the 8 medicated fetuses, 3 developed CAVB,

3 maintained second-degree AVB, 1 improved to first-degree
AVB, and 1 had no AVB at the time of delivery. Of the 8 non-
medicated fetuses, 2 developed CAVB, 3 maintained second-
degree AVB, and 3 had no AVB at the time of delivery. Sur-
vival rate did not differ between the groups (87.5%).

Adverse Effects of Transplacental Treatment

Treatment-related adverse events were examined in the 63
fetuses with a structurally normal heart and no fetal hydrops
(Table 6). Steroids were given in 23 cases, drugs other than
steroids were given in 10 cases, and no treatment was given in
30 cases. Gestational age at delivery did not differ among
these 3 groups. In the steroid group, birth weight was signifi-
cantly lower than in the non-treatment group (2,201g vs.
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Maternal anti-Ro/SSA antibadies
Gestational age at diagnosis (weeks)
Fetal heart rate at diagnosis (beats/min)
Fetal hydrops
Fetal myocardial dysfunction
Gestational age at initiation of therapy (weeks)
Fetal heart rate at initiation of therapy (beats/min)
Gestational age at delivery (weeks)
Birth weight (g) - :
Delivery mode
Vaginal
Cesarean section
Degree of AVB at delivery
Complete )
Second
First
~“None
Neonatal survival

No medication P value
(n=8)
3 NS#
26+5.0 NSt
79104 - <0.05t
2 2 NSt
3 2 NSt
29+4.8 -
70+10.0 -
35+3.8 37+2.1 NGt
2,207+688 2,533+544 NSt
2 5 NSt
6 3 NG#
3 2 NSt
3 3 NSt
1 0 Ngt
1 3 NS#
7 (87.5) 7 (87.5) NGt

Data given as mean=SD or n (%).
P<0.05, significant difference. tWilcoxon test; *chi-square test and Fisher's exact test.
AVB, atrioventricular block; SSA, Sjdgren’s syndrome A.

Steroid Non-steroid No treatment

treatment (n=23) treatment (n=10) (n=30)
Treatment (weeks) 8.8+4.4 5.6+£3.2 ~
Gestational age at delivery (weeks) 36+2.6 35.8+2.6 36.8+3.0
Birth weight (g) 2,201+525* 2,41315652 2,713+512*
Fetal arrythmia: CAVB 21 6 23
Fetal arrythmia: Second-degree AVB 1 2 5
Maternal diabetes 1(4.3) 0 0
Fetal growth restriction 6 (26.1) 0 2(6.7)
Fetal oligohydramnios 2(8.7) 0 0
Neonatal adrenal insUfﬁciency 1(4.3) 0 0

Data given as mean=SD or n (%).

tFor fetuses without fetal hydrops and with a structurally normal heart. *P<0.05 (Student’s t-test).
CAVB, complete atrioventricular block; AVB, atrioventricular block.

Treatment (weeks)

Gestational age at delivery (weeks)
Birth weight (g) ‘
Maternal diabetes

_ Fetal growth restriction
Fetal oligohydramnios
Neonatal adrenal insufficiency

<10 weeks (n=12) 210 weeks (n=11) P value

5.4+2.7 12.5+2.5 <0.01f
35+3.2 36+1.7 NSt
2,184+569 2,218+503 NS*
0 1(9.1) NS#

1(8.3) 5 (45.5) <0.05%

0 2(18.2) NS#
0 1(9.1) NS#

Data given as mean=SD or n (%). P<0.05, significant difference.
tStudent’s t-test; fchi-square test and Fisher's exact test.

2,713 g; P=0.001) and fetal growth restriction was close to
being significantly higher than in the non-steroid (26.1% vs.
0%; P=0.050) and non-treatment (26.1% vs. 6.7%; P=0.074)
groups. Adverse effects that might have been attributable to
the use of steroids included development of oligohydramnios

Circulation Journal

in 8.7% of cases, maternal diabetes in 4.3%, and neonatal
adrenal insufficiency in 4.3%. All these adverse effects were
observed in cases of steroid use >10 weeks (Table 7). In par-
ticular, fetal growth restriction increased significantly after
steroid use >10 weeks (45.5% vs. 8.3%; P=0.043).
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LaTs

Of the 90 fetuses with a structurally normal heart, 9 (10.0%)
were diagnosed with LQTS, including 4 diagnosed on electro-
cardiography after birth and 5 diagnosed on magnetocardiog-
raphy during fetal life. The background of the LQTS fetuses
included a family history of LQTS (n=2), maternal anti-Ro/
SSA antibody (n=2), fetal hydrops (n=3), myocardial dysfunc-
tion (n=2), CAVB (n=6), second-degree AVB with bradycar-
dia (n=1), and sinus bradycardia (n=2). In 4 of the 9 cases of
LQTS, emergency cesarean section was performed because of
fetal ventricular tachycardia/torsades de pointes (VI/TdP) at
33-36 weeks of gestation. In 2 of the 9 cases, fetal hydrops
caused neonate death.

Discussion

This is the first large-scale study to investigate the effects and
risks of transplacental treatment for fetal congenital bradyar-
rhythmia in Japan. The results indicate that fetal hydrops is
associated with a 14-fold increased risk of perinatal death, and
that fetal myocardial dysfunction is a significant risk factor
for fetal hydrops. Fetal ventricular heart rate and the presence
of matemal anti-Ro/SSA antibodies were not associated with
neonatal prognosis. Beta-sympathomimetics improved brady-
cardia, but survival rate did not differ significantly with regard
to transplacental medication. Maternal and fetal adverse effects
were observed in cases of steroid use. In particular, fetal growth
restriction increased significantly after steroid use >10 weeks.

Evaluation of Anti-Ro/SSA Antibodies
Ro/SSA is one of the major immunogenic ribonucleoproteins,
and antibodies against these proteins are found in a number of
connective diseases, especially in Sjogren’s syndrome (SS) and
systemic lupus erythematosus (SLE). Anti-Ro/SSA antibodies
are detected in 60-90% of SS cases and in 30-50% of SLE
cases.?*" Interestingly, these antibodies are relatively common
and are detected in 1-2% of randomly tested pregnant women.
Currently, the outcome of anti-Ro/SSA-positive pregnancies is
very good when prospectively followed by multidisciplinary
teamns with experience in this field.! Transplacental passage of
anti-Ro/SSA antibodies from mother to fetus, however, is as-
sociated with a risk of development of neonatal lupus erythe-
matosus (NLE).2#32 NLE is an uncommon but life-threaten-
ing disease of the fetus and neonate, with important cardiac
complications of CAVB, sinus bradycardia, QTc interval pro-
longation, endocardial fibroelastosis, and late-onset dilated
cardiomyopathy.>* Congenital CAVB develops in 1-5% of
anti-Ro/SSA antibody-positive pregnancies, typically between
18 and 24 weeks of gestational age. Predominantly untreated
CAVB has a mortality rate of 14-34%,'® consistent with the
untreated CAVB mortality rate of 26% in the current study.
The association of NLE with maternal anti-Ro/SSA antibod-
ies is well established, but the trigger of the maternal antibody
interaction with the fetal Ro particle is unclear in some anti-
body-exposed babies. The percentage of maternal anti-Ro/SSA
antibody-positive fetuses with CAVB diagnosed in utero is
unknown. Brucato et al and Jaeggi et al found maternal anti-
Ro/SSA antibodies in 92% of 37 CAVB cases,”® whereas in
the present study maternal anti-Ro/SSA antibodies were de-
tected in only 66% of 61 CAVB fetuses with a structurally
normal heart. Jaeggi et al also reported that CAVB occurred
in 5% of prospectively screened pregnancies with anti-Ro/
SSA ELISA levels >100U/ml, but did not occur in pregnan-
cies with levels <50 U/ml.¢ Approximately two-thirds of anti-
Ro/SSA antibody-positive mothers had low anti-Ro/SSA lev-

els and probably little risk of development of fetal cardiac
NLE.? It is unclear why the anti-Ro/SSA-positive rate in
the present study was lower than in other reports. It is unlikely
to be due to the sensitivity of the laboratory methods, but
it is possible that other undetectable antibodies associated
with congenital AVB are present in the Japanese population.
Brucato et al and Lopes et al found similar mortality rates
in the anti-Ro/SSA-positive and -negative groups,”® and in the
present multivariate analysis anti-Ro/SSA antibodies were not
associated with prognosis.

Benefits and Risks of Transplacental Treatment

Congenital AVB is a progressively developing disease that
evolves through 2 fundamental phases: an early phase charac-
terized by the occurrence of still reversible AV conduction
abnormalities (first- or second-degree AVB) and a final phase
in which development of irreversible damage of the conduction
system leads to the appearance of CAVB.? The specific patho-
genetic mechanisms involved in the 2 phases have not been
clarified, but there are 2 main theories. The first is based on an
inflammatory-driven injury elicited by interaction between
anti-Ro/SSA antibodies and specific antigens expressed in the
conduction tissue of the fetal heart (inflammatory theory). The
second theory involves electrophysiologic interference of anti-
Ro/SSA antibodies with heart conduction (electrophysiological
theory).?® Consistent with these respective theories, steroids
and i.v. immunoglobulins are used for anti-inflammatory treat-
ment, while 3-sympathomimetics are given for fetal pacing.

Several studies have found that a ventricular heart rate
<55 beats/min is a risk factor for fetal and neonatal death,*** and
have recommended transplacental treatment with 3-sympatho-
mimetics to increase the heart rate. Jaeggi et al and Maeno
et al, however, found that fetuses with CAVB without CHD
and with a ventricular heart rate of <55beats/min were not at
risk.#31 In the present study, fetal ventricular heart rate did not
influence fetal hydrops and prognosis, but treatment with a -
sympathomimetic agent was significantly associated with im-
proved bradycardia.

To date, evidence of clinical efficacy of transplacental treat-
ment has been limited to cases of congenital AVB.** Jaeggi
et al reported a significant improvement in the outcome of
fetal CAVB simultaneously with the introduction of routine
perinatal treatment guidelines in 1997.% Hutter et al obtained
an improved survival rate of >90% by initiation of mater-
nal high-dose dexamethasone at the time of CAVB detection
and maintenance of this dose during pregnancy, with addi-
tion of 3-sympathomimetics to keep the fetal heart rate above
55beats/min.?t It was also suggested that prolonged use of
dexamethasone might render a fetus with congenital CAVB
less likely to develop additional manifestations of cardiac
NLE such as myocarditis, cardiomyopathy, and hydrops feta-
lis, thus improving the overall outcome. The present findings
suggest that use of steroids might render the affected fetus less
likely to develop fetal hydrops, but that the neonatal survival
rate improved only to 79%. The reason for the relatively bad
prognosis in the present study may have been the difference in
the rate of fetal hydrops compared to the Hutter et al study
(42% vs. 10%). Undetectable autoantibodies or virus infection
may be related to the increased rate of fetal hydrops in the
Japanese population. Furthermore, Hutter et al initiated mater-
nal high-dose dexamethasone at the time of CAVB diagnosis,
at a mean gestational age of 24 weeks. The mean age of diag-
nosis was similar in the present study, but mean gestational
age at which steroids were started was 26 weeks. In addition,
the percentage of steroids used in transplacental treatment was
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lower in the present patients (71% vs. 95%). These findings
suggest that sufficient steroid dose at an early stage is very
important to prevent fetal hydrops and to improve prognosis.

Use of steroids is controversial because of the potential risks
for the fetus and mother, including problems with fetal growth
restriction, oligohydramnios, and neurological development.
Animal models suggest that repeated antenatal steroid doses
can interfere with the growth and development of the imma-
ture brain, and human studies suggest that antenatal and post-
natal dexamethasone may negatively affect a child’s neuropsy-
chological development.?2-24 In contrast, Brucato et al found
no negative effects on neuropsychological development and
intelligence in a cohort of preschool- and school-age children
with CAVB who had been prenatally exposed to maternal anti-
Ro antibodies and prolonged dexamethasone treatment.?® The
association of fetal growth restriction and oligohydramnios
with antenatal steroids is well established, but the amount and
length of steroid treatment that can be used safely is unclear.
‘We note that development of fetal growth restriction and oli-
gohydramnios are dose-related complications of steroids. Con-
sequently, we recommend limiting steroid use to <10 weeks to
avoid maternal and fetal adverse effects.

Prevention of Progression to Congeniial CAVB

There are many case reports describing prevention of congeni-
tal CAVB, and first- or second-degree AVB is also relatively
common and often normalizes spontaneously before or soon
after delivery.3? Recent prospective studies suggest that ste-
roids and i.v. immunoglobulins are not beneficial for prevent-
ing progression to congenital AVB.*33 Similarly, the present
study found a lack of superiority of transplacental treatment
for second-degree AVB with bradyarrhythmia.

LTS

Recent evidence has shown that anti-Ro/SSA antibodies are
associated with prolongation of the QTc interval.** Although
the exact arrhythmogenic mechanisms have not been clarified,
anti-Ro/SSA antibodies may trigger rhythm disturbances
through inhibition of cross-reactions with several cardiac ionic
channels, including calcium channels and the hERG potassium
channel.’%%” Beta-sympathomimetics may trigger life-threat-
ening arrhythmia such as VT/TdP in patients with LQTS, and
therefore use of these drugs should be avoided in fetuses
with QTc interval prolongation.’®* In the present study, in 4
of the 9 LQTS cases, emergency cesarean section was per-
formed because of fetal VI/TdP at 33-36 weeks of gesta-
tional age. Oka et al also recently described atrioventricular
block-induced TdP.# With this background, we recommend
avoidance of f3-sympathomimetics in a fetus with a heart rate
>55 beats/min. Furthermore, assessment of QTc interval pro-
longation on magnetocardiography may be required to eval-
uate the risk of fetal congenital bradyarrhythmia.

Study Limitations

There were several limitations in the present study due to retro-
spective data selection bias and the relatively small sample size.
The nature of a multicenter retrospective observational study
using a questionnaire is such that the clinical data obtained vary
among cases, so treatment bias may exist. Only ritodrine hydro-
chloride was used as S-sympathomimetic treatment, but was
given in cases involving fetal heart rate >55beats/min at some
institutions, while dexamethasone, betamethasone and pred-
nisolone were used as steroids at different doses among insti-
tutions. The follow-up period after birth was insufficient to
permit analysis of long-term morbidity and mortality, and

Circulation Journal

this prevented evaluation of potential long-term benefits and
risks of transplacental medication. Finally, the sample size
might have been too small to detect the effects of steroids on
fetal congenital bradyarrhythmia. The steroid effect may be-
come significant in a study with a higher number of cases.

Guidelines are required for transplacental treatment of fetal
congenital bradyarrhythmia and follow-up after birth. We
expect to analyze long-term outcome of fetal congenital brady-
arrhythmia in a future study. Further large prospective studies
are also needed to establish the most appropriate treatment
strategies in Japan.

Conclusisn

Beta-sympathomimetics improved bradycardia, but survival
rate did not differ significantly in fetuses treated with and with-
out transplacental medication. We recommend limiting steroid
use to <10 weeks to avoid maternal and fetal adverse effects,
with fetal growth restriction and oligohydramnios being of
particular concern.
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