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A patient’s wish: anakinra in
pregnancy

Patients with adult-cnset Still’s disease (AOSD) are at increased
risk for adverse outcomes of pregnancy. An increased rate of
preterm birth, intrauterine growth retardation and a possible
influence of disease activity on pregnancy outcome have been
eported.' Interleukin 1 (IL1) is thought to have 2 key role in the
pathogenesis of AOSD. Interestingly, it has also been related to
an increased risk of preterm birth in animal models®*® An
increasing number of reports on treatment of refractory AOSD
with IL1 receptor antagonist (anakinra) emphasise its dramaric
therapeutic effect and the rarity of its adverse events.'®
However, its effects in pregnancy are not well known. Here
we repert successful continuous treatment of AOSD during
pregnancy and breastfeeding.

A 33-year-old woman with ACSD currently treated with
recombinant [L1 receptor antagonist (IL1ra, anakinra} expressed
the wish to beccme pregnant. Her disease course was refractory
to treztment with prednisone zlone or in combination with
azathioprine or etanercept (fig 1. In July 200€ during a severe
flare while receiving predniscme, anakinra was initiated at
100 mg/day. The patient became rapidly asymptomatic and
prednisone was tapered and subsequently scopped in December
2006.

Despite extensive warning about the lack of knowledge of the
effects of IL1ra on fetal development, she decided te continue
anakinra during pregnancy. Two months after discontinuation
of contraception, pregnancy was diagnosed. The adjusted risk
for trisomy-21 based on age, B-HCG, PAPP-A and length of the
nuchal fold was 1:8100. a-Fetoprotein was normal. Ultrasound
repeatedly demonstrated normal growth and no evidence of
malformation. Doppler analysis of the uterine artery was
alwzys normal. She remained free of signs of AOSD with the
exception of one short flare after having missed 2 single dose of
anakinra (fig 1). In April 2008, she gave spontaneous birth to a
girl at 4045 weeks of gestation: weight: 2700 g {5th centile),
length 46 cm, APGAR Score 7/8/9, umbilical cord arteral pH
7.17. Bih was complicated by retenticn of the placenta
requiring manual abruption. There were no pathological
findings on thorough paediatric examination at discharge.

Postpartum, the mother decided to breastfeed despite
continuation of treatment with anakinra. The child showed
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steady growth (10th to 25th centie) and inconspicucus
psychomotor development during follow-up. The patient
remained free of signs of AOSD until 4 months after delivery
when a flare occurred during continuous monotherapy with
anakinra.

To our knowledge, this is the first report of treatment of
AQOSD with anakinra during pregnancy and breastfeeding.
Treatment with anakinra has not been recommended curing
pregnancy.” No teratogenic effects were demonstrated in znimal
studies of anakinra,® but nidation was thought to be compro-
mised.” Of note, no additional risk for retaining the placenta has
been described. Here, anakinra was highly effective in suppres-
sing disease activity of AOSD, was very well tolerated and
affected neither the conception nor the development of the
child in utero or post partum. However, according tc existing
guidelines patients should continue to receive firm advice about
the potential risks of inhibiting IL1.
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Figure 1 C-reactive protein (squares) and ferritin {circles) serum
concentrations were monitored at the indicated time points. The biack
bar shows the duration of pregnancy. *Highlights the increase in C-
reactive protein after a single missed injection of anakinra. The
respective start of different therapeutic regimens is depicted by arrows
as follows: (1) prednisone (initial dese 1 mg/kg/day); (2} predniscne +
azathioprine (2 mg/kg/day}; (3) prednisone + etanercept {2 x25 mg
subcutaneously/week); {4) anakinra subcutaneously 100 mg/day {first
6 months combined with tapered prednisone).
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new strain of influenza A virus (novel in-
A fluenza A H1N1) that originated in swine has rapidly

spread from the initial outbreak in Mexico and the
southern United States to Canada and many countries in Eu-
rope and Asia. Consequently, the World Health Organization
raised the level of alert for an influenza pandemic to 5 on
Apr. 29, 2009.' Because many infected people are young,’ the

" care of pregnant and lactating women is a concern.**

DOI:10.1503/cmaj.090866

According to the US Centers for Disease Control and Pre-
vention, the novel HIN1 influenza virus is susceptible to os-
eltamivir and zanamivir, neuraminidase-inhibitor antiviral
medications, which target the early phase of the infection.
However, this strain is resistant to adamantanes, such as
amantadine and rimantadine.” The Centers for Disease Con-
trol and Prevention currently recommend antiviral treatment
and chemoprophylaxis with either oseltamivir or zanamivir
against novel HIN1 influenza for people at high risk of com-
plications, including pregnant women.*®

In this report, we summarize information about the
safety of neuraminidase inhibitors for treatment of novel
HINI influenza in pregnant and breastfeeding women.
Although the information about drug safety in this report is
also applicable to seasonal influenza and future pandemics.
the management strategy presented in this article is specific
to novel HIN1 influenza.

Evidence

We performed a literature search to identify reports of the
use of oseltamivir or zanamivir during pregnancy, lactation
and breastfeeding using MEDLINE (1950 to week 2 of
May 2009) and EMBASE (1980 to week 19 of 2009) data-
bases through the OVID system. The search terms were
pregnancy, breastfeeding, human milk, lactation, influenza,
oseltamivir, and zanamivir, or their various combinations.
Relevant information was also gathered through the net-
work of teratogen information services in Japan, where the
use of oseltamivir and zanamivir for patients with con-
firmed influenza was relatively common even before the
current pandemic.®

CMAJ

Key points

® Pregnant women and infants are at high risk of influenza-
related complications.

¢ Limited data suggest that oseltamivir is not a major human
teratogen.

¢ Because of more data about its safety in pregnancy, the
use of oseltamaivir is preferred over zanamavir during
pregnancy.

e Oseltamivir and zanamivir are considered to be compatible
with breastfeeding.

Influenza-related complications

Pregnancy

Little is known about whether influenza viruses are transmit-
ted to the fetus through the placenta, although this class of
viruses is not considered to be teratogenic in humans. Acs and
colleagues' suggested indirect teratogenic effects of maternal
influenza during pregnancy, possibly because of high fever,
based on 1 case-control study and the known effects of hyper-
thermia, which is associated with an increased incidence of
neural tube defects."

The risk of morbidity from seasonal influenza is higher
among pregnant women,"*" especially in the third trimester,
than among nonpregnant and postpartum women.” This is
consistent with increased mortality among pregnant women
during past influenza pandemics.'"* Although the novel
HIN1 influenza virus may not be as virulent as anticipated,
the increased risk of complications during pregnancy should
be taken into account when caring for affected patients.
According to the Centers for Disease Control and Prevention,
20 recent infections of novel HIN1 influenza in the United
States (15 confirmed and 5 probable) were in pregnant
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Table 1: Outcomes of pregnancies in Japan after therapeutic exposure to oseltamivir in the first trimester

Japan Drug Information Institute

Toranomon Hospital™ in Pregnancy
Characteristic n=65 n=25
Time of exposure, gestational wk, range 1-12 2-10
No. of spontaneous abortions 1 2
No. of therapeutic abortions 0 1
Gestational age at birth, wk, range 35-41* 35-42
No. of preterm births 2* 2
Birth weight, g, range 2090-3810* 2418-3480
No. of infants with a low birth weight 3* 4
No. of infants with a major malformation 1t 0

*n = 42 (women exposed between gestational week 4 and 7 who had a live birth).

+Ventricular septal defect.

women. Of the 13 women for whom sufficient data were
available. 3 were admitted to hospital; 1 of these patients died
of respiratory complications. This patient was started on os-
eltamivir therapy | week after acute respiratory distress de-
veloped.® At present, the groups at high risk of influenza-
related complications from the novel HIN1 influenza are the
same as those for seasonal influenza. These groups include,
but are not limited to, pregnant women and children aged
5 years or less.”

Lactation

Whether influenza viruses are passed into human milk is not
known; however, respiratory droplets are likely to be the
main mode of viral transmission. Because of the anti-infective
benefits of human milk for infants, continuation of breast-
feeding is recommended even if the mother is receiving treat-
ment for novel HINI influenza infection.**

Pharmacotherapy

The Centers for Disease Control and Prevention recommen-
dation? during the current pandemic is that drug treatment and
chemoprophylaxis be considered. along with other public
health measures, for patients at high risk of complications, in-
cluding pregnant women and infants. Recent meta-analyses
have suggested that oseltamivir and zanamivir may be mod-
estly effective in alleviating symptoms of seasonal influenza
in otherwise healthy adults*® and children.” Routine use of
these drugs is discouraged for patients at low-risk of compli-
cations from seasonal influenza, although these neu-
raminidase inhibitors are capable of reducing within-
household spread of the disease, nasal viral load and lower
respiratory tract complications." Data about the effectiveness
of these drugs in high-risk populations, specifically during the
current pandemic, are limited.

Oseltamivir

Oseltamivir is a prodrug that is hydrolyzed by the liver to
its active metabolite, oseltamivir carboxylate, with an elim-
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ination half-life of about 6-10 hours."* The therapeutic oral
dosage for influenza, including novel HINI influenza. for
adults is 75 mg taken twice daily for 5 days, starting within
48 hours of the initial symptoms to capture the early phase
of viral replication. For chemoprophylaxis, the recom-
mended dosage is 75 mg taken once daily for 10 days after
exposure.* Therapeutic and prophylactic dosing schedules
for children are similar (about 2 mg/kg twice a day for
5 days for treatment, and 2 mg/kg once a day for 10 days
for prophylaxis).*

Pregnancy

A study using an ex vivo human placenta model showed that
oseltamivir was extensively metabolized by the placenta.”
Transplacental transfer of the metabolite was incomplete with
minimal accumulation on the fetal side.” In postmarketing
surveillance, 61 pregnant women who were exposed to os-
eltamivir with unknown timing were reported by the manu-
facturer.* Among these pregnancies, there were 10 abortions,
including 6 therapeutic terminations, and 1 case each of tri-
somy 21 and anencephaly.” These findings are consistent
with data from 2 Japanese teratogen information services
(Toranomon Hospital,* and Japan Drug Information Institute
in Pregnancy, National Center for Child Health and Develop-
ment, Tokyo, Japan), which prospectively followed 90 preg-
nant women who took therapeutic doses of oseltamivir
(75 mg twice a day for up to 5 days) during the first trimester
(Table 1). In these 90 cases. there was 1 malformation
(1.1%), which is within the incidence of major malformations
in general population (1%—-3%).

Lactation

Wentges-van Holthe and colleagues™ reported the case of a
lactating woman who received oseltamivir (75 mg twice daily
for 5 days). The maximum milk concentrations of oseltamivir
and its active metabolite were 38.2 ng/mL and 39.5 ng/mL
(equivalent to 43.4 ng/mL of oseltamivir), respectively. The
authors estimated that the infant would have been exposed to
milk containing a maximum of §1.6 ng/mL oseltamivir-
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equivalents, which corresponds to 0.012 mg/kg per day.”
This is much smaller than the pediatric doses (2—4 mg/kg
per day).

Zanamivir

Zanamivir is administered by inhalation with a dry powder
inhaler. The bioavailability of the drug is 10%-20% by in-
halation, compared with 2% by oral administration. About
90% of the absorbed dose is excreted unchanged in the urine.
The elimination half-life in serum of zanamivir is between 2.5
and 5.1 hours.” The therapeutic dose is 10 mg inhaled twice
daily for 5 days starting within 48 hours of the initial symp-
toms. For chemoprophylaxis, the dose is once daily for 10
days after exposure.”® The recommended doses for children
are the same.® Because zanamivir therapy requires the patient
to voluntarily inhale through the device, oseltamivir may be
preferred over zanamivir for young children.

Pregnancy

Three pregnant women were accidentally exposed to
zanamivir during clinical trials.** Among these women,
1 pregnancy was spontaneously miscarried, 1 pregnancy was
terminated, and 1 woman delivered a healthy baby.** The
Japan Drug Information Institute in Pregnancy has informa-
tion about 1 woman who took zanamivir at 4 weeks of gesta-
tion and delivered a healthy baby at term.

Lactation

A peak concentration of zanamivir in the serum after a 10 mg
oral-inhalation dose ranges from 34 to 96 ng/mL.” Assuming
a maternal serum concentration of 100 ng/mL, a milk-to-
plasma ratio of 1.0 and an intake of milk of 150 mI/kg per
day, the maximum amount of zanamivir that a 5 kg infant
would ingest would be about 0.075 mg/day, which is much
lower than the recommended prophylactic dosage for children
of 10 mg/day inhalation.

Vaccine

The seasonal influenza vaccine does not appear to provide
protection against novel HIN1 influenza.”* Currently no vac-
cine for novel HINI influenza exists. However, vaccination
for seasonal influenza should continue because of higher mor-
bidity among pregnant women and possible concurrent epi-
demics with novel HIN1 influenza.®* Once developed, it is
unlikely that an inactivated vaccine against novel HIN1 in-
fluenza would be contraindicated for pregnant and lactating
women, similar to regular influenza vaccines.?*

Discussion

Pregnant women, especially those in the late stages of preg-
nancy, are at high risk of complications from influenza, in-
cluding novel HINI influenza. Although the data are limited,
this should be considered during the current novel HINI1 in-
fluenza pandemic.

If treatment or chemoprophylaxis is required for pregnant
women during the current pandemic, oseltamivir appears to
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be the drug of choice because there are more data on its safety
in pregnancy. The data suggest that oseltamivir is not a major
teratogen for humans. Zanamivir may also be used, but there
are less data available about its safety for pregnant women.

Both oseltamivir and zanamivir are considered to be com-
patible with breastfeeding. Continuation of breastfeeding by a
woman taking these medications is unlikely to lead to sub-
stantial drug exposure by the infant. Adjustment of dose be-
cause of breastfeeding is not necessary. If mother—infant con-
tact is clinically allowed, breastfeeding during oseltamivir or
zanamivir treatment is acceptable. If an infant being breastfed
by the mother receiving oseltamivir or zanamivir needs direct
treatment or chemoprophylaxis, the recommended dose of os-
eltamivir or zanamivir for infants should be given. Therapy
should start within 48 hours of the initial symptoms. ’

Prospective data collection with robust follow-up should
continue for both oseltmivir and zanamivir,

This article has been peer reviewed.
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Abstract The effectiveness of transplacental drug ther-
apy for prenatally diagnosed isolated congenital complete
atrioventricular block (CCAVB) is controversial. Nine
cases of prenatal isolated CCAVB were treated from 2002
to 2007. Ritodrine was administered transplacentally to all
fetuses and betamethasone to those whose mothers tested
positive for maternal anti-SSA/Ro antibodies. Six of the
nine patients had an anti-SSA/Ro-positive mother and
received transplacental betamethasone 4 mg/day at a
median gestational age of 28 weeks (range, 24-31 weeks).
No patients exhibited an improvement in the degrees of
complete heart block, and one patient died in utero. No
serious adverse events occurred. After the mean follow-up
period of 1.7 + 1.3 years, all five patients treated with
transplacental betamethasone experienced a good cardiac
function, whereas one of the three patients not treated with
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transplacental betamethasone experienced cardiomyopathy
and died at the age of 4 months. Pacemaker implantation
was required for seven of the eight live-born infants.
Transplacental betamethasone therapy for the patients
with isolated CCAVB neither improved the degree of
atrioventricular block nor decreased the rate of patients
requiring pacemaker implantation, but it probably reduced
the risk for the development of myocardial disease.

Keywords Anti-SSA/Ro antibody - Atrioventricular
block - Betamethasone - Congenial - Fetal hydrops

Congenital complete atrioventricular block (CCAVB) is a
relatively rare disease among children with normal heart
structures, with an estimated incidence of 1 in 14,000-
20,000 live births [18]. Isolated CCAVB often is associated
with maternal anti-SSA/Ro or anti-SSB/La antibodies.
Among mothers with positive test results for anti-SSA/Ro
or anti-SSB/La antibodies, the rate of bearing an infant
with isolated CCAVB is 1-2% [2, 7, 10], and 16% mothers
with a previous affected offspring had a second affected
child [4].

A previous study found that patients with positive
maternal antibodies had a worse prognosis [20]. The
deposition of the antibodies along the conduction system
and the myocardium of the fetus may trigger immune-
mediated inflammation and result in fibrosis of the atrio-
ventricular node and endocardium [12]. Regardless of the
maternal antibody status, pacemaker implantation was
required for 63-95% of patients, and death due to dilated
cardiomyopathy was not uncommon [4, 13, 20].

Transplacental steroid therapy is reported to be inef-
fective in terms of reversing the severity of atrioventricular
block, but it probably could reduce fetal and neonatal
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morbidity and mortality [14, 17]. However, reports on the
clinical outcome of fetuses with isolated CCAVB who
have received transplacental therapy are limited.

This study aimed to review the clinical course of infants
with a prenatal diagnosis of isolated CCAVB who were
treated with transplacental ritodrine, betamethasone ther-
apy, or both.

Materials and Methods

We studied all cases of isolated CCAVB diagnosed pre-
natally at our institution from 2002 to 2007. Complete
atrioventricular block was diagnosed when no mechanical
relation existed between atrial and ventricular contraction
on fetal M-mode echocardiography. Patients with complex
cardiac anomalies such as heterotaxy syndrome and con-
genitally corrected transposition of the great arteries were
not included in the study. Nine cases eventually were
identified and included in the study.

The medical records of the affected patients were
reviewed. The collected data included status at presenta-
tion, maternal symptoms of collagen disease, type and
duration of transplacental therapy, changes in fetal heart
rates, and outcome of pregnancy. Postnatal electrocardio-
grams were reviewed for the degree of atrioventricular
block, heart rates, QRS widths, and QTc intervals. Data
regarding postnatal treatment, presence or absence of car-
diomyopathy, and status at the most recent follow-up
assessment also were collected.

All mothers were tested for the presence or absence
of anti-SSA/Ro and anti-SSB/La antibodies using the
Ouchterlony double immunodiffusion test.

Statistical Analysis

The data are expressed as frequencies, mean + standard
deviation, and median and range, as appropriate. Com-
parisons between groups were performed using Fisher’s
exact test for categorical variables and the Mann-Whitney
U test for continuous variables. All p values less than 0.05
were considered statistically significant.

Results

Clinical Features

Table | summarizes the clinical features of all nine cases
included in the study. Five mothers had been pregnant pre-
viously, but none of their offspring had a history of complete
atrioventricular block. The median gestational age at diag-
nosis was 27 weeks (range, 23-30 weeks), and all mothers
were referred to our institution after fetal bradycardia was
detected using a routine fetal ultrasound examination. Fetal
hydrops was diagnosed in three fetuses at the time of
diagnosis, and no other fetus had hydrops thereafter.

Eight mothers (89%) delivered live offspring, whereas
one mother had an intrauterine fetal death. Two neonates
(cases 3 and 7) had structural cardiac anomalies: small

Table 1 Characteristics of the nine cases with a prenatal diagnosis of isolated congenital complete atrioventricular block (CCAVB)

Case Sex Maternal GA at Prenatal treatment Hydrops GA at Birth CHD Postnatal Pacemaker Mode Outcome
antibodies ?::fenk(;s)ls Ritodrine Betamethasone });z};ks) ;c;xght treatment age (days) ;f:alll:)w-up
M SS-A 23 + + - 32 2,338 - ISP 24 VVI  Alive (3.9)
2 F - 30 + - + 30 1,624 - ISP, 4 VVI- Alive (2.9)
DOA
3 M - 27 + - + 28 1,332 VSD ISP, 4 VVI  Alive (2.8)
DOA
4 F SS-A 24 + + - 35 1,634* - ISP, Alive (1.6)
DOA
5 M SS-A 29 + + - 36 2,300° - ISP 40 VVI  Alive (1.0)
6 F SS-A 27 + + - 37 2460 - ISP 297 VVI  Alive (0.8)
7 F - 28 + - - 37 2816 PS ISP 11 VVI DCM,
died at
4 months
8 F SS-A 29 + + - 36 1,884° - ISP 3 VVI  Alive (0.4)
9 - SSA 23 4 + 3 - - - - = -  IUPa
30 weeks

GA, gestational age; CHD, congenital heart disease; SS-A, anti SS-A/Ro antibody; ISP, isoprenaline; VVI; DOA, dopamine; IUFD, intrauterine

fetal death
# Small for gestational age
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muscular ventricular septal defect in the former and
pulmonary valve stenosis in the latter. Postnatal electro-
cardiography confirmed the diagnosis of CCAVB in all
live-born infants.

Six mothers tested positive for anti-SSA/Ro antibodies,
whereas none tested positive for anti-SSB/La antibodies.
Among the six mothers with positive anti-SSA/Ro antibod-
ies, four experienced some symptoms of collagen disease.
However, only one mother had a previous diagnosis of
collagen disease. None of the mothers had been treated with
steroids at the time of referral to our institution.

Transplacental Therapy and Outcome of Pregnancy

Beta-mimetic agent (ritodrine) was administered to all nine
mothers as soon as CCAVB was diagnosed. Five fetuses
(56%) showed a persistent increase in their heart rate by
more than 5 bpm for at least 2 weeks after initiation of the
beta-mimetic agent (Fig. 1).

Betamethasone was additionally administered if the
mothers tested positive for anti-SSA/Ro antibodies. All six
mothers with anti-SSA/Ro antibodies received betametha-
sone therapy at the median gestational age of 28 weeks
(range, 24-31 weeks). Betamethasone therapy was initi-
ated at a dose of 4 mg/day in all cases. In two cases, the
same dose of betamethasone was maintained for 10 weeks
(case 4) or 6 weeks (case 9) until the end of pregnancy. In
four cases, the dose was tapered after 2—4 weeks.

The betamethasone therapy did not improve the degree
of atrioventricular block in any patients treated. Three
mothers exhibited adverse effects attributable to the trans-
placental betamethasone therapy, which included mood
disorder, insomnia, and increased appetite. However,
betamethasone therapy was not discontinued for any of
these mothers because serious adverse effects did not occur.

Of the three fetuses with hydrops, one (case 9) died in
utero at the gestational age of 30 weeks. In this case, the fetal
heart rate was 42 bpm at the time of diagnosis—the lowest
among all the cases. It even decreased to 35 bpm, indicating
absence of response to transplacental therapy with ritodrine
and betamethasone. In the other two fetuses, the initial fetal
heart rate was 55 bpm (case 3) or less (case 2) at the time of
referral to our institution. Because the maternal anti-SSA/Ro
antibodies were negative, both of these fetuses were treated
with transplacental ritodrine alone. However, increases in
the fetal heart rates were subtle, and these two fetuses
showed no improvement in fetal hydrops. Their mothers
underwent preterm cesarean section at the gestational age of
30 weeks (case 2) and 28 weeks (case 3).

Of the six fetuses without hydrops, all but one infant
were born after the gestational age of 35 weeks. In case 1,
the fetus was delivered by cesarean section at 32 weeks
gestation because of placenta previa and vaginal bleeding.

~—case1 —#—case5 —@—case8
—case 4 —-case6 -{case9

Fetal heart rate (beats per minute)

50 -

4DD\q

30 t + + . —+ t +
23 25 27 29 31 33 35 37
Gestational age (weeks)

[~D-case 2 —D—case 3 ——case ﬂ

80

w

70

40 + t t 1 t = t
23 25 27 29 31 33 35 37

Fetal heart rate (beats per minute)
Z

Gestational age (weeks)

Fig. 1 Fetal heart rate of patients treated transplacentally with
betamethasone and ritodrine (a) and with ritodrine alone (b). Five
(56%) of the fetuses had a persisting increase in heart rate of more
than 5 bpm for at least 2 weeks after initiation of the beta-mimetic
agent. No cases showed improvement in the degree of complete heart
block. In the cases with fetal hydrops (open square), the fetal heart
rates were lower than 55 bpm at least once. In the cases without fetal
hydrops, the fetal heart rates never fell below 55 bpm throughout
pregnancy
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In none of the six cases did the fetal heart rate fall below
55 bpm throughout pregnancy (Fig. 1). The combined rate
of intrauterine fetal death and premature delivery (before
35 weeks gestation) was significantly higher in the fetuses
with hydrops than in those without hydrops (100% vs.
17%; p = 0.047).

The mean birth weight was 2,049 + 507 g (range,
1332-2816 g). Three infants were small for gestational
age, and all these infants tested positive for maternal
anti-SSA/Ro antibodies.

Postnatal Treatment

Eight pregnancies resulted in live births, and isoprenaline
infusion was initiated during the neonatal period for all eight
infants. Isoprenaline therapy was successfully tapered for
two infants (cases 4 and 6), both of whom tested positive for
maternal anti-SSA/Ro antibodies. The remaining six infants
needed pacemaker implantation at a median age of 7.5 days
(range, 3-40 days). The indications for pacemaker implan-
tation were bradycardia with ventricular rates less than
55 bpm in five infants and ventricular dysfunction with a
wide QRS escape rhythm in one infant (case 7).

Three patients with birth weights less than 2,000 g were
treated initially with temporary epicardial pacing. Two of
these three patients (cases 2 and 3) were born prematurely
due to fetal hydrops. We had adopted a staged approach for
hydropic fetuses. Before placing temporary epicardial
leads, we stabilized their respiratory and circulatory
condition by isoprenaline and dopamine infusion, supple-
mentation of pulmonary surfactant, and if necessary,
surgical drainage of pulmonary effusion. Although peri-
cardial effusion developed in one patient, requiring surgical
drainage, temporary pacing could be successfully switched
to permanent pacemaker implantation in all the patients
when their body weights increased to 2,500 g.

For the patients discharged without pacemaker implan-
tation, the QRS widths and QTc intervals tended to be
shorter than for those discharged after pacemaker implan-
tation (QRS widths, 64 £+ 5.7 vs. 97 £+ 28 ms; p = 0.05;
QTc intervals, 374 + 67.9 vs. 454 & 379 ms; p = 0.08).
However, we found no statistically significant differences.

Outcome of Affected Infants

After the mean follow-up period of 1.7 & 1.3 years (range,
0.4-3.9 years), seven patients were alive and one patient
(case 7) had died of dilated cardiomyopathy at the age of
4 months. In this case, fetal echocardiography performed at
the 28th gestational week had shown myocardial hyper-
trophy. Because the maternal anti-SSA/Ro antibody was
negative, the patient had not received transplacental steroid
therapy. At birth, echocardiography showed pulmonary
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valve stenosis and severe heart failure, with a left ven-
tricular ejection fraction of 50% and a left ventricular
end-diastolic diameter of 22 mm. Although the baby
was treated postnatally with pacemaker implantation and
methylprednisolone pulse therapy in addition to pharma-
cologic therapy with diuretics, vasodilators, and inotropic
agents, the cardiac function continued to deteriorate, and
the patient died at the age of 4 months.

The remaining seven patients experienced a good car-
diac function without the development of any significant
valve insufficiency. Of the two patients discharged initially
without pacemaker implantation, one (case 6) experienced
an abrupt pause in ventricular rhythm that exceeded 3.7 s
on Holter monitoring at the age of 9 months and therefore
received pacemaker implantation. Finally, at the mean
follow-up period of 1.7 & 1.3 years, one of the eight
patients (13%) had experienced dilated cardiomyopathy,
and the remaining seven (88%) had required a permanent
pacemaker.

Discussion

With fetal echocardiography coming into wide use, cases
of isolated CCAVB are increasingly being identified pre-
natally, mostly before the gestational age of 30 weeks [13].
Because prenatally diagnosed CCAVB cases are reported
to have higher mortality and require pacemaker implanta-
tion more frequently [13], various types of transplacental
therapy have been attempted [1, 5]. Although transpla-
cental therapy with steroids, beta-mimetics, or both is
becoming commonplace, reports on the outcome of these
therapies are limited, and there is no widely accepted
regimen of transplacental therapy to date.

Maternally administered steroids have been used for the
treatment of isolated CCAVB. Although several studies [9,
19] have reported that heart block of less advanced degrees
reverted to normal sinus rhythm after transplacental steroid
therapy, reports documenting the reversal of complete
atrioventricular block are rare [12]. However, it has been
suggested that transplacental steroid therapy may reduce
the incidence of more severe myocardial disease. Jaeggi
et al. [14] reported that the rate of immune-mediated
postnatal complications such as hepatitis, myocarditis, and
endocardial fibroelastosis was significantly lower for cases
treated- with transplacental dexamethasone administration.
These authors recommended transplacental dexamethasone
therapy for all isolated CCAVB cases regardless of the
maternal antibody status.

Our study also suggests the efficacy of transplacental
steroid therapy in preventing myocardial disease. In our
series, all the six mothers testing positive for anti-SSA/Ro
antibodies had received transplacental betamethasone
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therapy. One fetus with hydrops died in utero. Although the
transplacental betamethasone therapy neither improved the
degree of complete atrioventricular block nor prevented
postnatal pacemaker implantation, none of the five sur-
viving infants experienced dilated cardiomyopathy, and all
experienced a good cardiac condition with normal left
ventricular ejection fraction. The only patient who died of
dilated cardiomyopathy in our series had not received
betamethasone prenatally.

It is reported that transplacental steroid therapy may
cause oligohydramnios, which sometimes prompts pre-
mature delivery or fetal death [14]. No patients in our
series experienced such serious adverse effects. Prenatal
exposure to dexamethasone may lead to adverse obstetric
events such as spontaneous abortion, stillbirth, and neo-
natal adrenal insufficiency [6]. In addition, there is
concern about the adverse neurodevelopmental effects of
prenatal steroid exposure. Brucato et al. [3] studied 14
children with isolated CCAVB who had been exposed
prenatally to a high dosage of dexamethasone and found
that all these patients had normal intelligence at the mean
age of 5 years.

One recent large study of extremely low-birth-weight
infants by Lee et al. [16] showed that prenatal betameth-
asone exposure was associated with increased likelihood of
unimpaired neurodevelopmental status at corrected ages of
18 to 22 months compared with prenatal dexamethasone
exposure or no prenatal steroid exposure. Although the
dose and the duration of steroids administered in trans-
placental therapy for CCAVB differ from those for
extremely low-birth-weight infants, prenatal dexametha-
sone exposure may be more harmful than prenatal
betamethasone exposure in terms of neurodevelopmental
status. Therefore, transplacental therapy with betametha-
sone currently seems to be better than therapy with
dexamethasone. The efficacy and safety of transplacental
betamethasone therapy for CCAVB should be evaluated in
a prospective randomized trial.

Transplacental therapy with beta-mimetics is reported to
increase the fetal ventricular heart rate in some CCAVB
cases, but this approach does not seem to be universally
effective [14, 17]. Whereas Jaeggi et al. [14] used beta-
mimetics only for cases with a fetal ventricular rate less
than 55 bpm, we administered beta-mimetics to all the
mothers regardless of the fetal ventricular rate because we
consider that all affected fetuses will benefit from an
increase in their ventricular rate. In our series, five (56%)
of nine fetuses showed a persistent increase in their heart
rate by more than 5 bpm for at least 2 weeks after the
initiation of the beta-mimetic agent. Unfortunately, the
transplacental ritodrine therapy was not effective for three
fetuses with hydrops in our series, suggesting the limita-
tions of the therapy in severely affected cases.

Former reports have shown that risk factors for poor
prognosis for isolated CCAVB patients include fetal
hydrops, positive maternal anti-SSA/Ro antibodies, and
endocardial fibroelastosis [13, 20]. In our series, the com-
bined rate of intrauterine fetal death and premature delivery
(before 35 weeks gestation) was significantly higher for
fetuses with hydrops than for fetuses without hydrops. We
did not find any differences in prognosis between fetuses
born to mothers with and those without anti-SSA/Ro
antibodies, partly because of too few cases. However, it is
noteworthy that one fetus experienced dilated cardiomy-
opathy and two experienced hydrops despite negative
maternal anti-SSA/Ro antibodies. It seems that patients
without maternal anti-SSA/Ro antibodies do not always
have a better prognosis than those with maternal anti-SSA/
Ro antibodies.

No patients in our series experienced endocardial
fibroelastosis. The heart rates of the three fetuses with
hydrops were 55 bpm or less at the time of referral to our
institution, and the fetus with the lowest heart rate even-
tually died in utero. Thus, a low fetal heart rate could
possibly predict poor prognosis. Grove et al. [11] reported
that a fetal heart rate lower than 55 bpm before 28 weeks
gestation was associated with greater likelihood of a poor
outcome. Jaeggi et al. [13] reported that the majority of
fetuses with a heart rate lower than 55 bpm did not survive
the perinatal period, but this observation did not reach
statistical significance.

A large proportion of patients with isolated CCAVB
require pacemaker implantation. Previous reports have
shown that pacemaker implantation was required for 63%
to 95% of patients [4, 13, 20]. In our series, pacemaker
implantation was necessary for seven patients (88% of the
live-born infants) after the mean follow-up period of
1.7 & 1.3 years. Of the five live-born infants who had
received the transplacental betamethasone therapy, four
(80%) required pacemaker implantation. Five patients
underwent pacemaker implantation during the neonatal
period, one at 40 days of age and one more patient at the
age of 9 months.

For the premature hydropic fetuses, we adopted the
staged pacing approach, as formerly reported [8, 21].
Before placing the temporary epicardial leads, we stabi-
lized the respiratory and circulatory condition of the
patients by isoprenaline and dopamine infusion, supple-
mentation of pulmonary surfactant, and if necessary,
surgical drainage of pulmonary effusion. This approach
successfully bridged the interval until a permanent pace-
maker could be implanted. A previous report described
temporary epicardial pacing for a neonate weighing as little
as 930 g [21]. Although the decision of performing pre-
mature delivery must be carefully considered, the initial
staged pacing approach with the use of temporary
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epicardial pacing can improve the outcome of premature
hydropic fetuses with isolated CCAVB.

Although all our patients, except for one who experi-
enced dilated cardiomyopathy and died at 4 months of age,
had a good cardiac condition, a close long-term follow-up
is essential. Kurosaki et al. [15] reported that the total
mortality rate for patients with isolated CCAVB who
underwent pacemaker implantation during the neonatal
period was 30% after a median follow-up period of
5.6 years, and that the cumulative probability of freedom
from dilated cardiomyopathy at 10 years was 59%.

The limitations of our study need to be addressed. Our
series included only a small number of patients, and the
follow-up periods were relatively short. The gestational
ages at which the transplacental drug therapy was initiated
may have been too late in some cases. In addition, the ways
of tapering betamethasone varied across cases, although the
initial dose was 4 mg/day in all cases.

In conclusion, transplacental betamethasone therapy for
the patients with isolated CCAVB neither improved the
degree of atrioventricular block nor decreased the rate of
patients requiring pacemaker implantation, but it probably
decreased the risk for the development of myocardial dis-
ease. Fetal hydrops in patients with isolated CCAVB
relates to intrauterine fetal death and premature delivery. A
large proportion of patients with isolated CCAVB require
pacemaker implantation. The initial staged pacing
approach with temporary epicardial pacing can improve the
outcome for premature hydropic fetuses with isolated
CCAVB.
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Introduction

A high dose of intravenous immunoglobulin (HIVIg)
therapy is effective and widely used in various
thrombocytopenic
purpura, Guillain-Barré syndrome, Kawasaki’s dis-
ease, and myasthenia gravis.'™ To assess the efficacy
of this therapeutic option in women with recurrent
spontaneous abortion (RSA) of unexplained etiol-
double-blind,
controlled trials of a medium dose of intravenous
immunoglobulin (IVIg) therapy, in which 20-40 g of

diseases including idiopathic

ogy, randomized,

Problem

A high dose of intravenous immunoglobulin (HIVIg) therapy is effective
in various diseases such as autoimmune diseases, and also is expected to
have efficacy in recurrent spontaneous abortion (RSA). The aim of this
study was to understand immunological mechanisms of this therapy.

Method of study

By flowcytometric analyses, we examined phenotypic changes of a vari-
ety of immunological cells including natural killer (NK) cells, cytotoxic T
cells, regulatory T cells and macrophages in peripheral blood of RSA
women with HIVIg therapy (n = 8).

Results

Expression percentages of inhibitory CD94 on NK cells significantly
(P=0.01) increased after the therapy (58.8 +21.4% versus
71.0 £ 17.6%).

Conclusion
Mechanisms of possible efficacy of HIVIg therapy for RSA may include
enhancement of CD94 expression and subsequent suppression of NK cell
cytotoxicity.

immunoglobulin is infused weekly or every
2-4 weeks during early pregnancy, have been per-
formed.”"® Conclusions drawn from these IVIg
trials are controversial. However, recent reports of
meta-analysis'' and systematic review'? concerning
efficacy of 1VIg therapy suggest that a medium dose
of IVIg are effective among women with secondary
RSA.

On the other hand, our group tried HIVIg therapy
for RSA women, in which 100 g of immunoglobulin
was infused intravenously over the course of 5 days
during early pregnancy. A high live birth rate was

and placebo-
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observed among these women who had a history of
four or more spontaneous abortions and underwent
HIVIg therapy.'*!* Additionally, using a mouse
model of immunological reproductive failure, a
recent study demonstrated that intraperitonial injec-
tion of a high dose of immunoglobulin restored the
fecundity.'®

We previously reported that HIVIg therapy reduced
natural killer (NK) cell activity'® and Th1/Th2 bal-
ance'® in the blood of RSA women. However, immu-
nological mechanisms of possible efficacy of HIVIg
therapy for RSA have not been fully elucidated. In
this study, to understand these immunological mech-
anisms, using flowcytometric analyses we examined
phenotypic changes of a variety of immunological
cells including NK cells, cytotoxic T cells (CTLs), regu-
latory T cells (Tregs) and macrophages in peripheral
blood of RSA women with HIVIg therapy.

Subjects and methods

Patient Characteristics

Study subjects consisted of eight consecutively seen
Japanese patients (30-41 years old), who had a his-
tory of four or more (mean 4.9, range 4-7) consecu-
tive abortions, in the Hokkaido University Hospital.
The previous abortions of all the eight patients
occurred <10 weeks of gestation. Only one patient
experienced a full-term normal delivery followed by
five consecutive abortions. All the patients had
received therapies of luteal hormone, herbal medi-
cine, steroid hormone, low dose aspirin and/or hep-
arin during their previous pregnancies. They
underwent examinations of ultrasound, hysterosal-
pingography, endomerrial biopsy and conventional
blood analyses for RSA screening, and were diag-
nosed as having RSA of unexplained etiology. The
conventional blood analyses included chromosome
karyotypes of couple; measurements of progesterone
in mid-luteal phase, prolactin, thyroid, liver, kidney
functions, haemostatic coagulation factors such as
d-dimer, factor XII, protein C, protein S; and
autoimmune factors such as antinuclear antibody,
complements, anticardiolipin, beta 2-glycoprotein
I-dependent anticardiolipin antibodies and lupus
anticoagulant.

They underwent HIVIg therapy (intact type immu-
noglobulin 20 g daily in the course of 5 days; a total
100 g) with written informed consent immediately
after a gestational sac was detected in a uterus by

302

ultrasound. The peripheral blood samples were
obtained prior to commencement of HIVIg (4-
5 weeks of gestation) and 1-3 days after completion
of HIVIg (5-6 weeks of gestation). The gestational
age of all pregnancies was determined from basal
body temperature.

Two of the eight pregnancies ended in spontane-
ous abortion. Of the two abortions, one was with
chromosome 10 trisomy, and the other with 18 tri-
somy. The other six pregnancies ended in full-term
normal deliveries.

Flow Cytometric Analysis

The peripheral blood samples were suspended in
phosphate buffered saline (PBS) containing 0.2%
bovine serum albumin (BSA) and 0.1% sodium azide.
A lysing solution containing NH4Cl and EDTA was
added for 10 min at room temperature to lyse the ery-
throcytes. Peripheral blood cells were washed twice
with PBS and resuspended with 1 mL of PBS before
flow cytometric analyses using antibodies as follows.
For the NK cell analyses, the cells were stained with
Peridinin-Chlorophyll-Protein Complex (PerCP)-con-
jugated anti-CD3 (SK7) mAb (Becton Dickinson, San
Jose, CA, USA), fluorescein isothiocyanate (FITC)
conjugated anti-CD3 (HIT3a) mAb (Becton Dickin-
son), allophycocyanin (APC) -conjugated anti-CD56
(NKH-1) (Beckman Coulter, Inc., Fullerton, CA,
USA), anti-CD158a (EB6)- R-phycoerythrin (PE)
(Immunotech, Marseille, France) and anti-CD9%4
(HP-3B1)-PE (Immunotech). Cytotoxic T cells were
analyzed with mAb as follows: PerCP-conjugated
anti-CD3 (SK7) mAb (Becton Dickinson), anti-CD8
(B9.11)-APC (Immunotech) and anti-CD28 (CD28.2)-
PE (Immunotech). For the staining of intracellular
perforin, the cells were washed and fixed with fixa-
tion buffer (CALTAG Laboratories, Burlingame, CA,
USA), and then washed with permeabilization buffer
(CALTAG). These fixed and permeabilized cells were
stained with mouse anti-human perforin (dG9) (Bec-
ton Dickinson) with RPE-Cy5-conjugated F(ab)2
fragment of rabbit anti-mouse immunoglobulins
(DAKO Cytomation, Glostrup, Denmark), and then
stained with anti-CD3 (SK7)-FITC (Becton Dickin-
son), anti-CD56 (NKH-1)-PE (Beckman Coulter) and
anti-CD8 (B9.11)-APC (Immunotech). Tregs were
analyzed with mAb as follows: PerCP-conjugated
anti-CD4 (SK3) mAD, anti-CD25 (2A3)-APC (Becton
Dickinson), anti-FOXP3 (PCH101)-FITC (eBioscience,
San Diego, CA, USA), anti-CD28 (CD28.2)-FITC (Im-
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munotech), anti-CD152 (BN13)-PE (Immunotech)
and anti-CCR4 (1G1)-PE (Becton Dickinson). For
the macrophages analyses, the cells were stained
with anti-CD163 (GHL/61)-PE (BD Pharmingen, San
Diego, CA, USA), FITC-conjugated anti-CD68
(KIM7) mAb (CALTAG Laboratories, Burlingame
CA, USA), anti-CD80 (MAB104)-PE (Immunotech),
anti-CD86 (FUN-1)- R-phycoerythrin:Cyanine-5.18
(PE-Cy5) (BD Pharmingen), anti-HLA-DR (L243)-
PerCP (Becton Dickinson), anti-CD206 (19.2)-APC
(BD Pharmingen), mouse anti-MMP-9 (56-2A4)-
purified, mouse anti-PPAR-y (E-8)-purified (BD
Pharmingen), goat anti-mouse IgG (H+L)-PE (Beck-
man Coulter), anti-CD36 (NLO7)-APC (BD Pharmin-
gen) and anti-CCL22 (57203)-PE (R&D Systems Inc.,
Minneapolis, MN, USA).

Three and four color flow cytometric analyses
were carried out using a FACS Calibur flow cytome-
ter (Becton Dickinson) and CellQuest Software (Bec-
ton Dickinson).

Statistical Analysis

The paired t-test was used to analyze the results.
P < 0.05 was considered as statistically significant.

Results

The gating and frequencies of CD94+ cells in
CD3-CD56+ NK cells are shown in Fig. 1.

Table I shows changes in specific cell percentages
before and after HIVIg therapy. Percentages of natu-

080925 4LLB80043.4.5 1*..003

080925 4LLB30043.4.5 1°..003

ral killer T (NKT) cells detected as CD3+CD56+
increased after HIVIg therapy, but without a statisti-

cal significance (P = 0.08). When we examined
percentages of NKT cells as Va24+Vb11+ cells/CD3+
CD4-CD8- cells, the percentages (mean +S.D.,
0.59 + 0.65%) did not significantly change after HI-
VIg therapy (0.41 + 0.51%). Percentage of NK cells
detected as CD3-CD56+ cells, CTLs detected as
CD3+CD8+ cells, or Tregs detected as CD4+CD25+
cells did not significantly change after HIVIg therapy.
Percentages of macrophages detected as CD68+ cells
increased after HIVIg therapy, but without a statisti-
cal significance (P = 0.06).

Cell percentages of CD3-CD56+ NK cells express-
ing perforin or CD158a did not change after HIVIg
therapy. However, percentages of NK cells express-
ing CD94 significantly (P = 0.01) increased after
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Fig. 1 The gating and frequencies of CD94+ cells in CD3-CD56+ natural killer celis. The peripheral blood was stained with CD3, CD56 and CD94
moncclonal antibodies, as described in Subjects and Methods. A gate (R1) was set on lymphocytes by characteristic forward scatter (FSC) and side
scatter (SSC). The analysis gate (R2) was set for CD3-CD56+ lymphocytes and they were further identified by R-phycoerythrin flucrescence conju-
gating to anti-CD94 monoclonal antibody. CD94+ natural killer cells were detected as a distinct population as marker 1 (M1).
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HIVIg therapy (Table II). When two abortion cases
with fetal chromosome abnormality were excluded,
percentages of NK cells expressing CD94 more signif-
icantly (n =6, P=0.003) increased after the ther-
apy. Fig. 2 shows individual changes in percentages
of CD94+ NK cells.

Cell percentages of CD3+CD8+ CTLs expressed
perforin in similar rato before and after HIVIg ther-
apy. Percentages of CD3+CD8+ CTLs expressing
CD28 decreased after HIVIg therapy, but with a bor-
derline significance (P = 0.05) (Table III).

Cell percentages of CD4+CD25+ Tregs expressing
Foxp3, CD28, CD152, or CCR4 did not change after
HIVIg (Table IV).

No change was observed in the percentages of
CD68+ macrophages expressing CD80, CD86,
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Fig. 2 Changes in percentages of CD94+ natural killer cells; HIVlg, a
high dose of intravenous immunoglobulin therapy. Open circles indi-
cate women whose pregnancies ended in live births (n = 6); and
closed circles indicate women whose pregnancies ended in spontane-
ous abortion (n = 2).
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MMP9, CD206, CD163, HLA-DR, PPAR-y, CD36, or
CCL22 after HIVIg therapy (Table V).

Discussion

The possible pharmacodynamic mechanisms of HIVIg
efficacy for clinical use involve interaction of anti-
idiotype antibodies with pathologic antibodies, sup-
pression of inflammation, and modification of Fc
receptor, T cell, B cell or macrophage functions.* We
for the first time reported possible efficacy of HIVIg
therapy in severe cases of RSA.'>!* However, immu-
nological mechanisms of HIVIg therapy in RSA have
been poorly elucidated.

Concerning NK cell abnormality in spontaneous
abortion (SA), it was reported that peripheral NK
cell activities were abnormally elevated prior to con-
ception and during early pregnancy in RSA women
whose pregnancies were destined to end in SA with
normal fetal chromosome karyotype (SANC), but
this NK cell accentuation was not detected in RSA
women with spontaneous abortion with abnormal
fetal chromosome karyotype (SAAC).'7'® Recently,
we found decreased expression of CD94 molecules,
which are inhibitory receptors on NK cells, in the
decidua of women with sporadic SANC when com-
pared with women with sporadic SAAC or women
with induced abortions.'” These results suggested
that the high activity and decrease in inhibitory
receptor expression of NK cells might be causally
associated with RSA as well as spontaneous abor-
tion.

We previously demonstrated that peripheral NK
cell activity was effectively suppressed by HIVIg ther-
apy in RSA women,'* and demonstrated that expres-
sion of inhibitory CD94 was inversely correlated
with expression of cytotoxic molecule, perforin on
NK cells in the deciduae.'® In this study, we found
no change in peripheral NK cell percentages, but
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