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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.

Meathods and Resulis: Using questionnaires, 128 cases of fetal bradyarhythmia 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).

Conciusions: 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
to <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; Congenttal 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.1® The asso-

F etal congenital bradyarrhythmia is an uncommon but

ciation of CAVB with maternal anti-Ro/Sj6gren’s syadrome
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.>7-%11.12
There is limited evidence for the clinical efficacy of trans-
placental treatment of congenital AVB.13-1 Steroids and i.v.
immunoglobulins are given as anti-inflammatory treatment,
while g-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

aroun (ad)  moun(nae  Pvalue
29.(76.3) 11 (47.8) <0.05¢
2432 2845.7 <0.005t
58+7.9 63+14.7 NSt
16 (42.1) 6 (26.1) NSt
13 (34.2) 7 (30.4) NS¢
26+3.6 -
5648.4 -
34:4.0 35£4.5 Nst
2,1204620 2,5282653 <0.0011
8 7 Ng#
30 16 NSt
14 (46.7) 6 (35.3) NSt
30 (78.9) 17 (73.9) NS¢

Data given as mean=+ 8D or n (%). P<0.05, significant difference.
tStudent’s t-test; fchi-square test and Fisher's exact test.
CAVB, complete atrioventricular block; SSA, Sjagren’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.?>-25

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 <100beats/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<(.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 bradyarthythmia 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 structuradly 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
(Table 1), 38 received transplacental medication. No fetus
showed improvement of heart block. Monotherapy with S-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 f-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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B-sympathomimetics

Steroids
B-sympathomimetics+steroids
Fetal heart rate

Fetal hydrops:

Fetal myocardial dysfunction
Maternal anti-Ro/SSA antibodies

OR 95%Cl P value
49,02 5.18-464.02 <0.008
1.32 0.24-7.20 0.745
725,448.8 0 0.996
1 0.83-1.08 0.824
0.41 0.07-2.39 0:318
1.14 0.20-6.60 0.883
0.22 0.04~1.36 0.105

P<0.05, significant differencs,

Logistic regression was used to adjust for baseline variables known to be assaciated with fetal ventricular heart rate,
fetal hydrops, fetal myocardial dystunction, and maternal anti-Ro/SSA antibody.
OR, odds ratio; Cl, confidence interval; SSA, Sjogren’s syndrome A.

B-sympathomimetics
Steroids
- Fetal heart rate
Fetal hydrops
Fetal myocardial dysfunction
Maternal anti-Ro/SSA antibodies

HR 895%Cl P value
1.186 0.37-3.63 0.792
0.56 0.20-1.58 0.273
0.98 0.92-1.05 0.546
13.84 3.12-61.44 0.001
2,44 0.71-8.40 0.157
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,
tetal hydrops, fetal myocardial dysfunction, and maternal anti-Ro/SSA antibody.
HR, hazard ratio; Cl, confidence interval; SSA, Sjdgren’s syndrome A.

B-sympathomimetics

Steroids

Fetal heart rate

Fetal myocardial dysfunction
Mat /SSA antibodies

OR 95%Cl P value
2 0.35-11.50 0.438
0.27 0.04-1.97 0.188
1.01 0.94~1.08 0.813
5.71 1.14~28.62 0.034
0.71 0.13~3.80 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, Sjogren’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, f-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 Journal

whereas steroids were ineffective, and no evidence of #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%CI: 3.12-61.44;
P=0.001).

Kaplan-Meier survival curves are shown in Figure. 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%CL 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

Vol.76, February 2012
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A
100
With beta-symphatomimetics
(n=33)
3 751 l__j
St Without beta-symphatomimetics
% (n=28)
=50
© Log rank P=0.88
|2
0 254
0-
T 1 T 1
0 > 10 15
Follow-up period (weeks)
B
100 —— : With steroids (n=27)
| P —
R 75 . .
Her Without steroids
)] -
- n=34
« (n=34)
_ 50
© Log rank P=0.26
1=
=
D 25 Figure. Kaplan-Meier survival curves
(log-rank test and Cox proportional
hazard model) for the primary end-
point (fetal death or neonatal death})
| in fetuses treated (A) with and without
0 y , B-sympathomimetics and (B) with
0 5 10 and without steroids. Follow-up peri-
od, time from diagnosis in utero to
: fetal | h. Signifi dif-
Follow-up period (weeks) o gRB S

statistically significant (OR, 0.27; 95%CT: 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: S-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. 79beats/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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uen(:i'z:t) on No rr;:c:(g:)at n P value
i-Ro/SSA antibodies 4 3 NSt
Gestational age at diagnosis (weeks) 28+4.3 26+5,0 NSt
Fetal heart rate at diagnosis (beats/min) 70£9.0 79£10.4 <0.05
Fetal hydrops 2 2 NS*
.Eetal myocardial dysfunction 3 2 N&#
Gestational age at initiation of therapy (weeks) 29x4.8 -
Fetal heart rate atinitiation of therapy (beats/min) 70+10.0 -
Gestational age at delivery (weeks) 35:3.8 37+2.1 NSt
- Birth weight (g) 2,207+688 2,533+544 NSt
Delivery mode
Vaginal 2 5 NS*
Cesarean ssction 6 3 NS*
D AVB at delivery
: e 3 2 NSt
3 3 NSt
1 0 NSt
: 1 3 N&#
Neonatal survival 7 (87.5) 7 (87.5) Ns#

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

Steroid Non-ster No treatment
treatment (n=23) treatment (n=10) (n=30)
© Tre it (weeks). 8.8+4.4 5.6+3:2 -
Gestational age at delivery (weeks) 3612.6 35.812.6 36.8£3.0
Birth weight (g) - 2,201£525" 2,413£5652 2,713512*
Fetal arrythmia: CAVB 21 6 23
“/Fetal armythmiz: 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
; fficiency 1.(4.3) 0 o

Data given as meanx 8D 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.

<10 weeks (n=12} 210 weeks (n=11) P value
(weeks) 5.4£2,7 12,6425 <0.01t
al age at delivery (weeks) 35+3.2 36+1.7 NSt
@ 2,1842569 22182503 NSt
Maternal diabetes 0 1(9.1) NS#
 Fetal growth restriction 1(8.3) 5 (45.5) <0.05+
Fetal aligohydramnios 0 2{18.2) NS
" Neanatal adrenal iciency g 149.1). NSt

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

tStudent’s t-test; *chi-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

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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Lars

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 investigaie the effects and
risks of transplacental treatment for fetal congenital bradyar-
rthythmia 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 maternal 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 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.*5 Congenital CAVB develops in 1-5% of
anti-Ro/SSA antibody-positive pregnancies, typically between
18 and 24 weeks of gestational age. Predominantly untreated
CAYVB 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 pregpancies 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/SS A antibodies with heart conduction (electrophysiological
theory).? Consistent with these respective theories, steroids
and i.v. immunoglobulins are used for anti-inflammatory treat-
ment, while -sympathomimetics are given for fetal pacing.

Several studies have found that a ventricular heart rate
<55beats/min is a risk factor for fetal and neonatal death,**¢ and
have recommended transplacental treatment with -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.3%3! In the present study, fetal ventricular heart rate did not
influence fetal hydrops and prognosis, but treatment with a 3-
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.1>-% Jaeggi
et al reported a significant improvement in the outcome of
fetal CAVB simultaneously with the introduction of routine
perinatal treatment guidelines in 1997.7 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 B-sympathomimetics to keep the fetal heart rate above
55beats/min.*' 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.?** 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.?s 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 Congenital 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.333¢ Similarly, the present
study found a lack of superiority of transplacental treatment
for second-degree AVB with bradyarrhythmia.

LaTS

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 arthythmia such as VI/TdP in patients with LQTS, and
therefore use of these drugs should be avoided in fetuses
with QTc interval prolongation.3$*? 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 S-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 >55 beats/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

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

Cenclusion

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 concemn.
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ABSTRACT

flow’ are as

Screening of the congenital heart disease (CHD) is one of the most important techniques in prenatal ulirasonographic examination. Step
by step screening methods for taking account for the level of screener, especially in the area with poor detection rate, is needed for
starting effective fetal CHD screening. In this review, the fetal cardiac screening is divided into two methods accounting for steps for
learning screening technique; the basic screening and the advanced screening. Basic screening is a simple method even for the one
who is not familiar to the cardiac anatomy. The goal of this basic screemng is to detect most of the ductal dependent lesions mciudmg
transposition of the great arteries. For the basic screenmg‘, ‘location’ and ‘size’ of the heart and vessels are checked in standard four-
chamber view and three-vessel view. Advanced screening is a screening for detecting all fetal CHDs, including total anomatous pulmonary
venous return. For the advanced screemng, the side of the heart is defined, and then the ‘detail anatomy' and the ‘function and blood

all standard screening views, including one fetal abdominal transverse view and three fetal chest transverse views,
, threg-vessel and three-vessel and trachea view.

Keywords: Fetal echocardiography, Fetal screening, Congenital heart disease.

INTRODUCTION

Screening of the congenital heart disease (CHD) is one of the
most important techniques in prenatal ultrasonographic
examination. Recent conventional ultrasound equipment can
visualize cardiac anatomy in utero from 16 weeks of gestation
even by the transabdominal approach.' Referral to the tertiary
care center after effective screening of fetal CHD can make it
possible to diagnose detail anatomical abnormality and to plan
appropriate perinatal management. Prenatal diagnosis of CHD
can improve the outcome of the fetuses with CHD.*

For the screening, detail anatomical assessment of the CHD
is not needed. The purpose of the screening is to detect the
fetuses with possibility of having CHD, and to refer to the fetal
cardiac center. Several methods with simple technique have
been proposed for effective screening. However, learning the
technique for obtaining the images in sufficient quality still
requires certain training, hence, the detection rate of fetal CHD
is varied between the areas.’ Different condition of the region
and country, such as medical system and political environment,
may be one of the causes of difficulty for establishing effective
fetal CHD screening program. An issue for poor detection rate
in some regions seems to be caused by the feeling of difficulty
for starting fetal cardiac screening for the screeners who are
not familiar to the fetal echocardiography. Hence, step by step
screening methods for taking account for the level of screener
in certain area is needed for increasing the area for starting
fetal CHD screening.

In this review, we present the fetal cardiac screening dividing
into two methods account for step for learning screening
technique; the basic screening and the advanced screening. The

basic screening is a very simple method even for the screener
who is not familiar to the somewhat complicated cardiac
anatomy. The advanced screening is the method of goal for all
fetal sonographic screener who is trying to detect all major CHD.

INDICATIONS OF THE SCREENING

Appropriate ultrasonographic screening of fetal CHD is
indicated for all pregnant women.”* Unlike in the newbom
period, the presence of severe cardiac disease in the fetus, such
as heart murmur and cyanosis, cannot be detected by physical
examination. Therefore, fetal ultrasonographic screehing of a
completely healthy mother with an uneventful pregnancy is the
only method of identifying the majority of cases of congenital
heart disease in utero.

The first screening ultrasound should be performed at
approximately 20 weeks of gestation, if termination of
pregnancy is to be considered as an option in complex cardiac
problems, and there is some restriction in gestational age by
law for termination. Screening has to be performed sufficiently
early to make it possible to refer the case to a fetal cardiac
center and to allow the parents to make their decision. The
second screening for fetal CHD should be performed at
approximately 30 weeks of gestation because some cardiac
abnormalities develop more obvious structural abnormality in
later gestation.

CONCEPT OF BASIC AND
ADVANCED SCREENING

Basic Screening

Basic screening is a simple method even for the one who is not
familiar to the cardiac anatomy. This screening method can be
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applied when the detection rate of fetal CHD is low in that
region. The goal of this basic screening is to detect most of the
ductal dependent lesions including transposition of the great
arteries (TGA). Although, standard four-chamber view and
three-vessel view are used in this basic screening, the check
point is only limited to the location and size of the heart and
vessels. Checking the detail anatomy of the heart is not required
if the purpose of the screening is limited to detect major CHD,
except total anomalus pulmonary venous drainage (TAPVR).

Advanced Screening

Advanced screening is a screening for detecting all fetal CHDs
as much as possible, including TAPVR. First, the side of the
heart is defined. Then, all standard screening views including
one fetal abdominal transverse view and three fetal chest
transverse views are checked. In all view, detail anatomy and
function and blood flow of the heart and vessels, in addition to
the location and size, are checked.

FETAL HEART SECTIONS FOR SCREENING CHD

For the fetal heart screening, defining the side of the heart is
needed (advanced screening). The other views are four
transverse images of the fetus. First one is an abdominal
transverse image of the fetus, and remaining is three simple
transverse images of the fetal chest, such as the four-chamber,
the three-vessel, and the three-vessel and trachea view (Figs 1
and 2). In each view, checking points are divided into location,
size, detail anatomy and function and blood flow.

Defining the Side of the Heart

Since conventional ultrasound image is two-dimensional in
nature, the side of the image depends on the probe direction,
and cannot be interpreted from the 2D image itself. Hence, the
side of the fetal heart has to be defined at the beginning of the
examination (Fig. 3).% A longitudinal section of the fetal chest
or abdomen is imaged with the fetal head positioned at the right
side of the screen. Then, a fetal transverse section is imaged by
rotating the probe by 90° clockwise. Regardless of fetal position,

‘

Three-vessel and
trachea view

I

* Three-vessel view

Four-chamber view

Fig. 1: Three transverse sections of the fetal chest, four-chamber,
three-vessel, and three-vessel and trachea view

Fig. 2: Location of the each transverse section of the fetal heart

1. Alongitudinal section of the fetus with the fetal head at the
right side of the screen
2. Rotate the probe 90° clockwise

Obtained transverse view visualize the fetus from inferior to

superior
l/ @ |

Fig. 3: Step for deciding the side of the fetal heart

the obtained image should be used to visualize the fetus from
inferior to superior. In this view, the side of the heart and
stomach should be defined whether it is left side (normal) or
right side (abnormal). The easy way to interpret the side of the
heart is that the heart is rotated clockwise after the probe is
rotated clockwise.

Transverse Section of the Fetal Abdomen

Assessment of location is sufficient in this view. The stomach
is left side, same as the fetal heart. In front of the fetal spine,
the descending aorta (dAo) is positioned left side, and the
superior vena cava (SVC) is positioned right and anterior to
the dAo.

Four-Chamber View

A four-chamber view of the fetal heart is obtained by a transverse
section of the lower part of the fetal chest (Figs 2, 4 and 5).
This four-chamber view can detect more than 50% of CHDs,
such as single ventricle, hypoplastic left ventricle (Fig. 6) and
Ebstein’s anomaly (Figs 7 and 8).

The location and size in this four-chamber view should be
assessed for basic screening (Figs 4 and 5). There are three
check points in each of location and size assessment in four-
chamber view. For the location assessment, the fetal heart is
positioned at left side of the chest, and the heart axis is about
45%. The dAo is positioned at the left anterior to the spine. For
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re two atria of equal size
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The venlricu!ar septum crux of the heart,

the two atrioventricular valves, the foramen
ovale, the pulmonary veins, papillary
muscle

Function
ventricular contraction, valye regurgitation

dAo

Fig. 4: Check list of four-chamber view

Fig. 6: A four-chamber view of a fetus with hypoplastic left heart
syndrome. The left ventricle (LV) is small and endocardium of LV is
high echogenic due to endocardial fibroelastosis. LA, left atrium; LV,
left ventricle; RA, right atrium; RV, right ventricle

the size assessment, the fetal heart occupied approximately
1/3rd of the fetal chest. There are two atria of equal size, and
two ventricles of equal size.

The assessment of the detail anatomy and the function and
blood flow is included for advanced screening. Sufficient

Screening of Fetal Heart for the Congenital Heart Diseases

Fig. 7: A four-chamber view of a fetus with Ebstein’s anomaly. The
heart is quite enlarged and fills almost the entire chest. The right atrium
(RA) is enlarged because of severe tricuspid valve regurgitation. LA,
left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle

Fig. 8: Afour-chamber view of a fetus with atrioventricular septal defect.
A large one common atrioventricular valve is revealed, and the crux of
the heart is not formed. LV, left ventricle; RV, right ventricle

knowledge of cardiac anatomical feature and usage of color
Doppler are required for these assessments. For the assessment
of the detail anatomy, the crux of the heart, the Ventricular
septum, flap of the foramen ovale, the atrioventricular valves,
the pulmonary veins and the papillary muscles should be
checked. Next, function and blood flow should be assessed.
Good contraction of each ventricle is carefully checked. By the
color Doppler flow, location of the pulmonary venous return
can be confirmed. In addition, regurgitant jet at the mitral valve
and tricuspid valve can also be detected.

Three-Vessel View

The three-vessel view can be obtained by sweeping superior
from the four-chamber view (Figs 2, 9 and 10).” This view can
detect abnormal connections between the ventricles and the great
arteries, such as TGA (Fig. 11) and tetralogy of Fallot.

The location and the size in this three-vessel view should
be assessed for basic screening (Fig. 9). There is a just one
check point in each of location and size assessment in three-
vessel view. For the location assessment, three vessels are
straightly aligned from left anterior to the right posterior. In
another ward, the most anterior vessel is located at the most
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left side. For the size assessment, the vessel size is aligned from
the largest to the smallest when the straightly aligned vessels
are followed from left anterior to right posterior. The most left
anterior side vessel, the main pulimonary artery, is of the largest
sizé. The central vessél, the ascending aorta (aAo), is medium
in size. The most right posterior side vessel, the superior vena
cava, is the smallest.

In order to assess the location of the three vessels with
confidence, sweepifig movement of images from the four-
chamber view to the three-vessel view is useful. Using this
moving image with sweeping, connection from both the ventricle
to the vessels is visualized, so that the location of the vessel is
clearly assessed. The ascending aorta and the main pulmonary
arteries have cross relationship in normal heart (Fig. 12). By
this sweeping movement, the connection from the left ventricle
to the ascending aorta is first visualized. The ascending aorta is
located posteriorly to the right ventricle and running from left
to the right side according to the sweeping movement of the
images. After this, the connection from the right ventricle to
the main pulmonary artery is visualized. The main pulmonary
artery is located anteriorly to the aorta just posterior to the chest-
wall, and running from right to left side according to the
sweeping movement of the images. The most obvious
abnormality of this cross relationship of the two vessels is TGA.
For the fetus with TGA, two vessels are aligned to parallel and
straight rather than cross (Fig. 13), making the most left-side
vessel, the main pulmonary artery, located posteriorly to the
right sided ascending aorta (Fig. 11).

" The assessment of the detail anatomy and the function and
blood flow are required for advanced screening. For the detail
anatomy assessment, the most left side vessel, the main
pulmonary artery, is branching pulmonary arteries. It also
connected to descending aorta via the ductus arteriosus at a
slightly superior slice of three-vessel view. For the blood flow
assessment, color Doppler flow reveals laminar flow in both
the main pulmonary artery and the ascending aorta, directed
from anterior to the posterior.

Three-Vessel and Trachea View

The last screening view, three-vessel and trachea view (Figs 14
and 15), can be obtained by farther superior sweep from three-
vessel view.® This view may be included to the advanced

Location

Straight alignment from the left
anterior to the right posterior
Size

mPA > aAo > SVC

Anatomy

Branching of pulmonary arteries
ductus arteriosus

Function

Colar Doppler laminar flow

Fig. 9: Check list of three-vessel view

‘Fig. 11: A three-vessel view reveals a right anterior ascending aorta

(aAo) and left posterior main pulmonary artery (PA). ant, anterior; SVC,
superior vena cava

ke

Fig. 13: Abnormal parallel connection of the ventricles and the greatvessels
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screening. This three-vessel and trachea view is useful for

Location detecting variable vascular rings, which ‘sometimes cause

Ductus arteriosus The ascending aorta is running marked airway problems postnatally (Fig. 16).
L—q— Aortic arch 23:;?:;‘2;% ttgeﬁﬁr:f:ffgiggg For the location assessment, the aortic arch crosses anterior
8YC/| yescending aorta side of the trachea from right anterior to the left posterior, and

connected to the descending aorta. There isno ‘size’ assessment

in this view. For the detail anatomy assessment, the ascending

Cﬂ?‘mmy g aortais connected to the descending aorta via the aortic arch and
-shape connection with the ; . : . -

R P e Aranosus isthmus, and the aortic arch and the ductus arteriosus makes V

Function shape at the left side of the trachea. For the function and blood
dAo Trachea ?':&,nztc:g:catmi gfa rr:‘c;‘l‘lcx;rl‘)dogsl:enrJ . flow assessment, the color Doppler flow reveals the flow to the
R same direction at both the ascending aorta and the ductus

arfertosus.

Fig. 14: Check list of the three-vessel and trachea view

ROLE OF THREE-DIMENSIONAL
ECHOCARDIOGRAPHY TO THE SCREENING

Three-dimensional (3D) echocardiography may have important
role for the both the basic and advanced screening of abnormal
fetal heart.>'° The information of the side of the heart is already
included to the 3D data, and the four simple transverse views
for screening can be obtained from the 3D data set (Fig. 17).
For the conventional two-dimensional echocardiography, fetal
movement and limited window due to the fetal position often
makes it difficult to do fetal heart screening. Whereas in the 3D
echocardiography, any optimal screening image can be obtained
without fetal movement once the 3D data set of the fetal heart
is acquired and saved into the hard disk.

For only the basic screening, still 3D data set is sufficient
to assess the location and the size using the four-chamber view
and the three-vessel view (Fig. 18). For the advanced screening,
STIC method is needed to assess the detail anatomy and the
function and blood flow. The STIC method, 3D images with

Fig. 15: A fetal echocardiographic image of three-vessel and heart beat, can be c'reated by automatic calculation of fetal heart
trachea view rate from the acquired data set.

Arch

Fig. 16: A three-vessel and trachea view of the fetus with vascular ring ~ Fig. 17: Three-dimensional echocardiography in a case \(vith common
caused by right sided aortic arch. The aortic arch is running right side atrioventricular valve (asplenic syndrome). Optimal 2D cutting plane can
of the trachea, and the ductus arteriosus (DA) is running left side of the be created from the 3D data set and demonstrated from optimal angle
trachea which making vascular ring
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Fig. 18: Three-dimensional echocardiography in a case with common
atrioventricular valve. Multiple paralle! cutting planes obtained from 3D
data set demonstrate the connection from the cardiac chambers to the
vessels

CONCLUSIONS

Since the recent development of the fetal echocardiography and
development of the perinatal management, the issue of the
prenatal diagnosis of the fetal CHD is the screening system. In
order to start fetal cardiac screening system in certain region,
where the screeners are not familiar to the screening of CHD,
step by step screening methods for taking account for the level
of screener in certain area is needed. We present the fetal cardiac
screening divided into two methods accounting for steps for
learning screening technique; the basic screening and the
advanced screening. The basic screening using only four-
chamber view and three-vessel view with the assessment of
location and size does not require complex knowledge of cardiac
structures. Using this basic screening method, we believe more
region start the systematic fetal screening program, and more
fetuses have benefit for recent advanced perinatal management
of CHD.
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Abstract

Introduction: The purpose of this study was to investigate
the concentration of maternal serum human chorionic go-
nadotropin (hCG) in twin-twin transfusion syndrome (TTTS)
before and after fetoscopic laser surgery and to clarify the
association between TTTS and hCG. Material and Methods:
The concentration of maternal serum hCG was measured be-
fore fetoscopic laser surgery and 2 and 4 weeks after laser
surgery in 120 patients diagnosed with TTTS. Results: The
preoperative serum concentration of hCG was 6.34 multiples
of the median (MoM; interquartile range 3.52-9.86). The con-
centration of hCG was higher in TTTS of Quintero stage Ill or
IV (7.17 MoM, range 4.21-11.0) compared to stage | or Il (3.37
MoM, range 2.35-7.74). When laser surgery for TTTS was ef-
fective, hCG gradually decreased to less than half the preop-
erative concentration 2 weeks after laser surgery, and the
concentration was further reduced to within the normal
range at 4 weeks. However, the concentration of hCG in 3
cases with TTTS recurrence did not decrease. Discussion: A
close association was observed between the concentration

of hCGand the condition of TTTS. A change in the concentra-
tion of hCG after laser surgery could be a useful marker to
judge the effectiveness of laser surgery in TTTS.

Copyright © 2011 S. Karger AG, Basel

Introduction

Twin-twin transfusion syndrome (TTTS) is a severe
complication of monochorionic twin pregnancies, with
high perinatal loss and significant morbidity. The patho-
genesis of this syndrome remains unclear, but it is known
that unbalanced placental intertwin vascular anasto-
moses play a key role in the pathophysiology of TTTS,
wherein one twin becomes hypovolemic (the donor) and
the other hypervolemic (the recipient). Laser ablation of
placental anastomoses has gained widespread acceptance
as the definitive treatment for severe TTTS between 16
and 26 weeks of gestation [1-3]. One randomized trial
demonstrated that laser surgery is a more effective first-
line treatment than serial amnioreduction for TTTS [4].
Recently, a metaanalysis of comparative studies found
that compared with fetuses undergoing serial amniore-
duction, fetuses undergoing laser ablation were twice as
likely to survive and had an 80% reduction in neurologic
morbidity [5].
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It has been reported that hCG in monochorionic twin
pregnancies complicated by severe TTTS was significant-
ly increased compared to uncomplicated twin pregnan-
cies [6]. It has also been reported that the pathophysiol-
ogy of TTTS is closely related to hCG [7, 8]. However, the
changes in the concentration of hCG after laser surgery
have not been studied sufficiently. Therefore, in the pres-
ent study, the concentration of maternal serum hCG be-
fore and after fetoscopic laser surgery for TTTS was mea-
sured. The purpose of this study was to investigate the
concentration of maternal serum hCG before and after
fetoscopic laser surgery and to clarify the association be-
tween TTTS and the concentration of hCG.

Material and Methods

A total of 120 pregnant women diagnosed with TTTS who un-
derwent fetoscopic laser surgery from March 2005 to October
2009 were studied. Inclusion criteria were that the pregnant wom-
an was diagnosed with TTTS between 16 and 26 weeks of gesta-
tion and had undergone laser surgery at our institute. The diag-
nosis of TTTS was based upon ultrasonographic evidence of a
single monochorionic placenta that was complicated by polyhy-
dramnios with a maximum vertical pocket =8.0 cm (with a dis-
tended bladder) in the recipient twin and oligohydramnios with
a maximum vertical pocket <2.0 cm (with a nondistended blad-
der) in the donor twin.

The exclusion criterion was the occurrence of fetal death after
laser surgery, regardless of whether the fetal death was a single
death or a double death. Further, recurrence was diagnosed when
polyhydramnios/oligohydramnios reappeared after laser surgery.

The concentration of maternal serum human chorionic go-
nadotropin (hCG) was measured before laser surgery and 2 and 4
weeks after laser surgery. Maternal serum hCG was measured by
a chemiluminescent enzyme immunoassay. Changes in the con-
centration of hCG in uneventful cases were compared with those
in 3 recurrent cases. The concentration of hCG was shown as the
multiple of the median (MoM). The median was derived from
singleton pregnancies.

In our institute, laser surgery was performed for TTTS of
Quintero stage [9] I-IV between 16 and 26 weeks of gestation. The
laser surgery was performed as described in a previous report [10].
Prophylactic tocolytics and antibiotics were administered periop-
eratively. Antenatal care with weekly ultrasound surveillance was
performed for 1 month at our institute and later at referral centers.
All patients provided written consent to undergo fetoscopic laser
surgery and to participate in this study, which was approved by
the ethics committee of our institution.

Results

During this study of 120 cases, the twin survival rates
at 1 month after laser surgery were as follows: 2 survivors
in 97 cases (80.8%), 1 survivor in 21 cases (17.5%) and
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double death in 2 cases (1.7%). Among the cases with 2
survivors (n = 97), recurrence of TTTS with polyhydram-
nios/oligohydramnios occurred in 3 cases after laser sur-
gery.

The median preoperative concentration of hCG was
6.34 MoM (interquartile range 3.52-9.86). There was no
clear correlation between the concentration of hCG and
gestational age (R = 0.039). The concentration of hCG was
significantly higher in Quintero stage III or IV TTTS
than in stage I or II disease (Wilcoxon test: p = 0.002;
fig. 1). When laser surgery for TTTS was effective, the
concentration of hCG gradually decreased to less than
half the preoperative concentration 2 weeks after laser
surgery (2.85 MoM, range 1.78-4.68; fig. 2). At 4 weeks
after laser surgery, the concentration of hCG was further
reduced to 1.67 MoM (range 1.12-2.32).

Polyhydramnios/oligohydramnios reappeared after
laser surgery in 3 cases (cases 1, 2, 3; fig. 3). The concen-
tration of hCG in these recurrent cases either remained
elevated 2 weeks after laser surgery or increased to more
than the preoperative concentration.

Case 2 underwent a second laser surgery (stage III
TTTS before surgery). The concentration of hCG de-
creased and the condition improved in the 2 weeks fol-
lowing the second laser surgery. In contrast, in case 1,
who had stage IV TTTS before surgery, polyhydramnios
reappeared and an abnormal Doppler was observed after
laser surgery. In this case, a cesarean section was per-
formed 40 days after laser surgery (at 31 + 3 weeks of ges-
tation). In case 3, who had stage I TTTS before surgery,
polyhydramnios associated with maternal discomfort
and an abnormal Doppler was observed after laser sur-
gery. Because amniotic membrane detachment was seen
after laser surgery, a second laser surgery was not per-
formed. Placental examination of cases 1 and 3, but not
case 2, showed residual anastomoses caused by incom-
plete coagulation of communicating vessels.

Discussion

In the present study, the concentration of maternal se-
rum hCG before and after fetoscopic laser surgery for
TTTS was measured. The preoperative concentration of
hCG was significantly high. Two weeks after successful
laser surgery, the concentration of hCG decreased to less
than half the preoperative concentration, and 4 weeks af-
ter laser surgery, the concentration was further reduced.
However, in recurrent cases of TTTS with polyhydram-
nios/oligohydramnios, hCG remained elevated or even
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Fig. 1. Preoperative hCG concentration in TTTS according to
Quintero stage (120 cases). Medians and interquartile ranges are
shown. Preoperative hCG in stage III or IV TTTS (89 cases) was
significantly higher than in stage I or II TTTS (31 cases) (p =
0.0020, Wilcoxon test).

Fig. 2. Changes in hCG concentration after laser surgery (94 cas-
es). Medians and interquartile ranges of the hCG concentrations
before surgery and 2 and 4 weeks after surgery are shown. The
concentration of hCG decreased to less than half the preoperative
concentration 2 weeks after laser surgery, and the concentration
of hCG was further reduced to within the normal range 4 weeks
after laser surgery. * p < 0.0001 (Wilcoxon test).
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