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Abstract

To evaluate the efficacy of dexamethasone (DEX) in anti-SSA/Ro-exposed fetuses newly diagnosed
with congenital heart block (CHB). Previous use of DEX has been anecdotal with varying reports of
therapeutic benefit. Multicenter open label study non-randomized involving 30 pregnancies treated
with DEX (22-3" degree; 6-2" degree; 2-15t degree) and 10 untreated (9-3" degree;1-15 degree).
Initial median ventricular rates, age at diagnosis, and degree of cardiac dysfunction were similar
between groups. Six deaths occurred in the DEX group. There was no reversal of 3™ degree block,
with therapy or spontaneously. In fetuses treated with DEX, 1/6 with 2" degree progressed to 3™
degree and three remained in 29 degree (postnatally-- one paced, two progressed to 3'9); two reverted
to normal sinus rhythm (NSR) (postnatally--one progressed to 2'9). DEX reversed both fetuses with
15t degree to NSR by seven days with no regression upon discontinuation. Absent DEX, the one
15t degree detected at 38 wks had NSR at birth (overall stability or improvement 4/8 DEX vs. 1/1
non-DEX). Median gestational birth age was 37 weeks vs. 38 weeks, DEX vs. non-DEX, p=0.019.
Prematurity and small for gestational age were restricted to the DEX group. Pacemaker use and
growth parameters at birth and one year were similar between groups. In conclusion, these data
confirm the irreversibility of 3" degree block and progression of 219 to 3™ degree despite DEX. A
potential benefit of DEX in reversing 15t or 2"d degree was supported in rare cases, but should be
weighed against potential steroid side effects such as growth restriction.
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Introduction

Methods

Although evidence is limited and uncontrolled, maternal dexamethasone (DEX) has been
utilized to treat fetal CHB in the anticipation that it may reduce the degree of block and/or
prevent or ameliorate an associated cardiomyopathy (1). Accordingly, a multicenter study was
initiated to prospectively evaluate the efficacy of DEX in anti-SSA/Ro exposed fetuses newly
diagnosed with varying degrees of CHB. This study was part of the PR Interval and
Dexamethasone Evaluation (PRIDE) study, in which the unaffected fetuses were reported
separately (2). Randomization of the treatment was not feasible given the rapidity with which
Institutional Review Board (IRB) approval was required. Thus, therapeutic decisions were
made by the physicians and patients.

Patients entered this prospective, multicenter, observational study between December 2000
and April 2006. A total of 40 pregnant women with anti-SSA/Ro antibodies (+/— anti-SSB/La
antibodies) were enrolled from 33 centers across the U.S. by participating clinicians who
included rheumatologists, pediatric cardiologists, and obstetricians. The study was approved
by the IRB of NYU School of Medicine. Written informed consent was obtained from all
subjects who agreed to have medical records and echocardiographic tapes sent to the principal.

Although the initial study was designed to be a randomized controlled trial of DEX 4 mg per
day compared to placebo, this was not feasible for two reasons: 1) it proved impossible to
obtain IRB approval from the many sites within a week of identification of an affected fetus;
and 2) the first several women refused randomization. Therefore, the decision to treat with
DEX was made by the managing physicians.

At study entry, all patients fulfilled the following criteria: 1) presence of anti-SSA/Ro and/or
anti-SSB/La antibodies documented by a commercial laboratory or in the research laboratory
of JPB; and 2) presence of any degree of fetal heart block, diagnosed echocardiographically.
Exclusion criteria included the presence of structural heart disease associated with heart block
(e.g., heterotaxia, complete atrioventricular septal defect), or the absence of acceptable quality
imaging as determined in the core laboratory.

Data were obtained on maternal health status as well as previous and current pregnancies.
Mothers could be clinically asymptomatic or have a rheumatic disease. Rheumatologic
diagnoses were assigned based on case report forms filled out by the participating obstetricians
and cardiologists performing the echocardiograms and verified by telephone interviews and
review of medical records when available. The following categories were assigned in the
majority of cases: 1) asymptomatic if a patient denied any clinical symptoms which would be
consistent with systemic lupus erythematosus (SLE) or Sjogren's syndrome (SS); 2)
undifferentiated autoimmune disease if insufficient criteria for SLE of SS; 3) SLE if four
American College of Rheumatology criteria were satisfied (3); and 4) possible, probable, or
definite SS if patients had at least dry eyes and/or dry mouth plus evidence of objective criteria
in addition to autoantibodies as per the European Classification (4); 5) SLE and SS.

Fetal echocardiographic protocols were established focusing on the evaluation of structural
heart disease, the presence of hydrops fetalis or abnormal fluid collections, the assessment of
systolic ventricular function by M-mode or two-dimensional echocardiography, the presence
of valvular regurgitation by Doppler, and the qualitative tissue characteristics on two-
dimensional echocardiography (5).

Heart rate and rhythm were determined by Doppler or M-mode echocardiography, allowing
for the detection of 2"d or 3" degree CHB. To detect 15t degree block, the fetal mechanical
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Doppler PR interval was determined during 1 to 1 conduction, according to a method previously
developed and validated (5,6,7). Briefly, from an apical 5 chamber or left ventricular long axis
view, the pulsed Doppler sample volume was placed in the left ventricular outflow tract
between the anterior leaflet of the mitral valve and the aortic valve. The pulsed Doppler signal
thus obtained showed simultaneously the mitral valve inflow and the aortic outflow signals. A
time interval was then measured from the onset of the mitral “a” wave (mechanical atrial
systole) to the beginning of aortic flow (mechanical ventricular systole). A PR interval of >150
msec (3 S.D. above the mean) was considered 1%t degree block.

All submitted fetal and postnatal echocardiograms and electrocardiograms were over read in
the core lab. Any disputed results were adjudicated by consensus opinion. Electrocardiograms
and echocardiograms were requested at birth and at one year of age. Growth parameters at birth
and one year were evaluated.

All sera were initially evaluated in the clinical immunology laboratory of the NYU-Hospital
for Joint Diseases. Specifically, screening evaluation for the presence of antibodies to anti-
SSA/Ro and/or anti-SSB/La was done by ELISA (Diamedix Corporation, Miami, FL). In this
commercial test, the cutoff for normal has been established at 19 E.U. for both SSA/Ro and
SSB/La. However, patients with anti-SSA/Ro titers lower than 35 E.U. were not included in
the study. In addition to evaluation by commercial ELISA, sera were also evaluated by ELISA
using the recombinant proteins 48kD SSB/La, 52kD SSA/Ro, and 60kD SSA/Ro which were
synthesized and purified as previously described (2,8).

Continuous variables such as gestational age and ventricular rate at diagnosis were compared
between treatment groups using the Mann-Whitney test (Graph Pad, Instat3 software).
Categorical variables were compared using the Fisher's Exact Test (Graph Pad, Instat3
software). P-value < 0.05 was considered statistically significant.

Forty mothers identified with a CHB-fetus were enrolled. The maternal health status was as
follows: 11 women were asymptomatic, 10 had SS, six had SLE, one had SLE/SS, one had
discoid lupus, 10 had UAS, and one had rheumatoid arthritis. Recurrent fetal disease was
common: four women (10%) had a prior offspring with CHB, and five women (13%) had a
previous infant with the characteristic rash of neonatal lupus. All mothers with a previously
affected child were in the DEX group.

Thirty of these mothers elected to take DEX and were thus assigned to the DEX group and 10
did not and were assigned to the non-DEX group. DEX was given at 4 mg/day with total
cumulative doses ranging from 28-532 mg (mean = 257 mg +/- 185 S.D.). Five fetuses in the
DEX group had been previously enrolled in the PRIDE study (3 3" degree block, 2 15t degree
block) (2).

The median titers of anti-SSA/Ro antibodies were high in both groups, 17,280 E.U. vs. 18,048
E.U., p=0.40. Twenty of the thirty mothers in the DEX group had anti-SSB/La antibodies
compared to seven of the ten mothers who did not take DEX, median 218 E.U. vs. 173.5 E.U.,
p=0.91.

As summarized in Table 1, the gestational age at diagnosis was slightly but not significantly
lower in the DEX group (median = 21.5 weeks) versus the non-DEX group (median = 23.5

weeks), p=0.09. Combining the groups and evaluating gestational age at diagnosis the median
was 22 weeks, range 18-38 weeks. Ninety percent were diagnosed in the gestation age range
of 19-28.5 weeks. Fifty percent were diagnosed in the gestational age range of 20-24.5 weeks.
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Median fetal ventricular rates at diagnosis of 2"d or 3™ degree blocks were equivalent between
the groups (60 bpm DEX vs. 60 bpm non DEX, p=0.9). It was not likely that the decision to
treat with dexamethasone was based on heart rate at the time of diagnosis since median heart
rates were not statistically different between the fetuses with third degree in either group, (p =
0.40). As expected, median heart rates were significantly faster in the fetuses with 2"d degree
compared to third degree in the DEX group. Cardiac manifestations other than purely
conduction system disease were defined as any abnormal fluid collection (effusions, ascites,
hydrops), poor myocardial function which may be manifest as tricuspid regurgitation, poor
systolic function of the myocardium, or cardiomegaly out of proportion to bradycardia, as well
as noncardiac effects or steroid (drug) side effects, such as IUGR, oligohydramnios, or fetal
distress, are excluded. These findings suggestive of an associated carditis, were common, but
no different between groups (p=1.0). There were three pericardial effusions, one cardiomegaly,
and three AV valve regurgitation cases in the DEX group (7/30 = 23%) compared to one scalp
edema and one AV regurgitation in the non-DEX group (2/10 = 20%, p=1.0). In the DEX
group, there were 16 females and 13 males (one demise of unknown sex). In the non-DEX
group, there were nine females and one male (p=0.064).

As summarized in Figure 1, 22 fetuses in the DEX group presented in utero with 3" degree
block, none recovered any conduction, and five of these patients died. There were six fetuses
who presented with 2"d degree block, one of whom progressed to 3™ degree at birth and
subsequently died. Three of these fetuses stabilized at 2" degree block at birth, but two
progressed to complete block and the third required a pacemaker although remaining in 2"d
degree block. Two patients reverted to normal sinus rhythm (NSR) in utero, but one of these
progressed postnatally back to 2" degree block. The other remains in NSR at two years. Two
fetuses presented with 15t degree block (one had a previous child with CHB and the other not)
and in each, the PR interval decreased to a normal range within seven days of DEX and
remained in NSR up to two years of follow up (2).

There were six (20%) deaths in this group of 30 fetuses exposed to DEX. Four deaths occurred
in utero. One presented at 20.5 weeks with a dilated right ventricle (RV) and endocardial
fibroelastosis. The second presented at 20 weeks with hydrops fetalis. A third had diminished
amniotic fluid at 27 weeks. Finally, a fetus at 24 weeks had hydrops. Autopsies were done in
three cases and revealed necrosis, fibrosis, and calcification in the conduction system. The two
deaths before 25 weeks revealed an extensive mononuclear cell infiltrate. Two of the deaths
occurred after birth. One was born with 3" degree block but was not paced, required a heart
transplant by one year of age and died at 15 months from transplant rejection (9). Another death
occurred in a child diagnosed with 2"d degree block in utero who progressed to 3™ degree at
birth despite DEX. Although the heart rate was 54 bpm, no pacemaker was placed and the child
died at home at two years of age during a febrile viral illness with seizure.

As summarized in Figure 1, nine fetuses presented with 37 degree block. One fetus was noted
to have an isolated prolonged PR interval during maternal labor at term, with a birth PR interval
of 154 msec, and a completely normal electrocardiogram by one month of age. There were no
deaths in this group.

As shown in Table 1, the median gestational age at birth was significantly less in the DEX
group (37 weeks) compared to the non-DEX group (38 weeks), p=0.019. Prematurity was
present in 12 (40%) of the DEX group but in one of the neonates in the non-DEX group. Small
size for gestational age only occurred in the DEX group. Pacemaker use occured in 43% of the
cohort by two years of age, with no significant differences observed between the groups, DEX
(11/26 = 42%) and non-DEX groups (5/10 = 50%), p=0.72. Similar results were obtained when
outcomes were compared between treatment groups in only those who presented in utero with
3" degree block. Three fetuses in the DEX group were also given corticosteroid therapy
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postnatally while none in the non-DEX group received postnatal DEX. Failure to thrive and
congestive heart failure were common.

Growth data are presented in Table 2, with parameters presented by treatment group and
cumulative exposure to DEX. Weight, height, and head circumference were derived
exclusively from prematurity-specific growth curves. Several DEX-treated newborns were
premature and/or small for gestational age (40%) with some persisting in failing to thrive at
one year of age.

Discussion

This component of the PRIDE study (2) comprises prospective observational data obtained
with the use of a structured protocol including serological confirmation and echocardiographic
oversight from 40 fetuses diagnosed with CHB. Confirming and extending published studies,
once fetal 3" degree block was detected, it was irreversible, regardless of treatment with DEX
(1). Moreover, 2" degree block progressed to 3™ degree block despite DEX as previously
reported (10). This study also reaffirms prior findings that anti-SSA/Ro-associated CHB is
usually diagnosed before 27 weeks of gestation, has a high morbidity (43% paced by two years
of age) and a high mortality (20% in the DEX group) (11). That 50% of cases are diagnosed
between 20 and 24.5% weeks of gestation should guide clinicians in the timing of
echocardiograms. Thus, echocardiographic surveillance in advance of 20 weeks might be
important to identify potentially treatable abnormalities.

The rationale for DEX as a potential treatment for CHB is based on the presumed contribution
of inflammation to the pathologic cascade eventuating in fibrosis of the conducting system.
Specifically, autopsy studies of fetuses dying with CHB have demonstrated a macrophage
infiltrate (12) and in vitro studies demonstrate macrophage release of TNFa when cocultured
with apoptotic human fetal cardiocytes bound by anti-SSA/Ro and SSB/La antibodies (13).
Thus, treatment with corticosteroids is reasonable but only fluorinated corticosteroids are
available in active form in the fetal circulation when given to the mother (14). The potential
efficacy of maternal DEX in cases of hydrops or incomplete block has been reported (1). Based
on the one year survival of 90% of 22 DEX treated cases of 3" degree block compared to a
46% survival in untreated cases in a single center, Jaeggi et al. concluded that DEX was an
effective strategy (15). This same group also used beta adrenergic agents. In contrast, based
on asingle anti-SSA/Ro pregnancy in which DEX did not prevent CHB, Breur et al. performed
a meta-analysis of 15 previous studies comprising 93 fetal cases of CHB. The authors
concluded that maternal DEX was neither safe nor effective (16).

Based on a relatively limited number of cases, there may be a potential benefit for the
gestational use of fluorinated corticosteroids in reversing or stabilizing 15t or 2"d degree CHB,
but these events are rare, and decisions to use DEX must be tempered by the potential adverse
effects of prenatal steroids. Prenatal exposure to steroids has raised concerns of growth
restriction, including head growth, and long-term neurodevelopmental impairments, as well as
oligohydramnios. Leung et al. (17) concluded, in the circumstance of threatened premature
labor, in which antenatal corticosteroids are used to promote fetal lung maturation, that even
brief fetal exposure may not be justified to be repeated more than once. However, in two large
randomized control trials there were no differences in birth weight or head circumference
between repeat and single course antenatal corticosteroids (both only analyzed intramuscular
betamethasone) (18). In a small and underpowered study, Brucato et al. (19) reported no
neurodevelopmental problems in anti-SSA/Ro-SSB/La—exposed children whose mothers had
taken high dose DEX in a context similar to the study herein.
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Prematurity and growth restriction are common findings in fetuses and infants affected by
CHB, as seen in this cohort. The role of DEX—induced adverse effects versus the effects of this
serious disease itself cannot be determined in this unblinded, non-randomized study in which
it is likely that the sickest fetuses were those chosen to receive the drug. Similar to our
experience, Skog et al. (20) reported on the growth of a series of 32 pregnancies in 30 anti-
SSA/Ro 52—positive mothers in which seven fetuses had 2" or 3" degree block, eight
developed 15t degree block, and 17 had normal cardiac conduction. Three of six surviving
fetuses with >15t degree block received fluorinated steroids. Fetuses with 2" or 37 degree
block were smaller by —0.98 +/-0.77 S.D. (Z scores) in weight at birth and did not show any
catch-up during infancy. In contrast, fetuses with 15t degree block or normal conduction had a
weight reduction of — 0.51 +/-1.01 S.D. (Z scores) with a catch-up during early infancy.

Several limitations are acknowledged. The cohort was relatively small albeit the largest
prospectively evaluated within a six year time span and thus was not confounded by major
changes in obstetric care. Although initially designed as a randomized and blinded study, this
was not feasible. The logistics of patient identification throughout the country and obtaining
local IRB approval within a few days of enrollment proved to be an insurmountable challenge.
Mothers and their physicians were often reluctant to agree to randomization to placebo. This
was because they were either convinced that DEX was the standard of care and should be
provided, or that the risks of DEX were too high in the absence of efficacy data. The multicenter
nature of the study led to individual local practitioners often having differing approaches to
diagnosis and treatment of the disease, making uniformity of data difficult and opening the
strong possibility of bias in terms of offering DEX to the sickest fetuses. Finally, this study
was not designed to assess the safety of DEX; therefore any observations should be considered
anecdotal.
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Summary of Outcomes

Initial Detection Birth Follow-Up
Treated 22* (3d degree) 18** (3 degree) 1 death (15 months)
Group (
4 deaths in utero
DEX
(N =30)

3 (2"9 degree)

2** (NSR
2 (3 degree)

6 (2nd degree) § 1 (3" degree) 1 death (2 years)

1 (2nd degree [paced])

2 (1stdegree) 2 (NSR)
1 (2rd degree)
1 NSR
Initial Detection Birth Follow-Up

Non-Treated 9 (31d degree) — 9 (31d degree) > 9 (31 degree)

Group

N=10

( ) 1 (1stdegree) —— 1 (NSR) >
1 NSR

Figure 1.

Summary of outcomes from detection to birth through follow up, separated into treated and
untreated groups. NSR = normal sinus rhythm.

*In one non-fatal case, maternal terbutaline was administered.

**|n two non-fatal cases, postnatal steroids were administered.

***|n one non-fatal case, postnatal steroids were administered, however, there was progression
to 2" degree.
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Table 1
Clinical parameters for the DEX and non-DEX groups

DEX (N=30) No DEX (N=10) p value

Age at Diagnosis (gestational weeks)

N 30 10

Mean 22.1 24.8

Median 215 235 p=0.09
range 18-30 20-38

Ventricular Rate (bpm)

N 28" 9"

Mean 69 62

Median 60 60 p=0.9
range 48-120 50-70

Cardiac manifestations other than purely conduction system disease
N 30 10
** *hk
7 (23%) 2 (20%) p=1.0

Age at birth (gestational weeks)

Fokkk

N 26 10
Mean 36.3 38.2
Median 37 38 p=10.019
Range 28.5-40 36.5-40
Pacemaker
o 26 10
11 (42%) 5 (50%) p=0.72

*
Excludes first-degree block (two for DEX, one for no-DEX).

**
3 pericardial effusions; 1 cardiomegaly; 3 atrioventricular valve regurgitation.

*kk
1 scalp edema; 1 atrioventricular valve regurgitation.

*kkhk
Excludes four deaths.
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