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Abstract

Purpose The purpose of the present study was to evaluate
the prognostic factors and review the outcome of primary
isolated fetal ascites.

Methods A retrospective cohort study was conducted for
fetuses with primary isolated ascites with a prenatal diag-
nosis between 1994 and 2009. The patients were divided
into the favorable group (Group I) whose ascites were
resolved by medical treatment alone and an unfavorable
group (Group II) who required surgical intervention after
birth due to refractory ascites.

Results There were seven patients in Group I and five
patients in Group II. Six of seven patients who developed
ascites after 30 weeks’ gestation were categorized in
Group I, and four of five infants who developed ascites
before 30 weeks’ gestation were categorized in Group IL
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There was a negative correlation between the gestational
age at diagnosis and the severity of the fetal abdominal
distention. In Group II, the ascites resolved in two cases
and was reaccommodated in another two cases after sur-
gery. An infant with trisomy 21 received continuous
drainage and eventually died of infection.

Conclusions The prognosis of primary isolated fetal
ascites can be predicted based on the gestational age at
diagnosis and the severity of the fetal abdominal distention.

Keywords Etal ascites - Chylous ascites - Prenatal
diagnosis - Fetal intervention - Prognosis

Introduction

Fetal ascites is frequently recognized as a symptom in non-
immune fetal hydrops, which arise in response to numerous
causes [1]. Fetal ascites also occurs independently without a
fluid accumulation in any other serosal cavities or subcuta-
neous tissue due to various congenital abnormalities [2—4]. In
contrast, the causes of primary isolated fetal ascites are
unclear. Most of these fetuses develop chylous ascites after
birth [5] which may be caused by either congenital lymphatic
dysplasia or abnormal lymphatic drainage [6, 7]. Although the
prognosis has been reported to usually be favorable for these
infants [5], there are some unfavorable cases with severe
chylous ascites that persists after various types of therapy
including dietary treatment, total parenteral nutrition (TPN)
and surgical intervention [8-10]. However, a few studies have
reported the prognostic factors and proposed optimal man-
agement of primary isolated fetal ascites [6, 11, 12]. There-
fore, a retrospective review of primary isolated fetal ascites
was conducted to evaluate the prognostic factors and explore
the optimal management both in utero and after birth.
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Materials and methods
Study population

A retrospective cohort study was performed for fetuses
with primary isolated fetal ascites at the unit of pediatric
surgery of Osaka university hospital and Osaka Medical
Center and Research Institute for Maternal and Child
Health from 1994 through 2009. Isolated ascites was
defined as fluid collection in the abdominal cavity without
involvement of fluid accumulation in other serosal cavities
or subcutaneous tissue. Cases with secondary isolated fetal
ascites caused by intrauterine infections, cardiovascular
malformations, cardiac arrhythmia, and other fetal mal-
formations such as genitourinary, pulmonary, or gastroin-
testinal anomalies were excluded from this study. This
study was performed in accordance with the rules of both
institutional review boards.

Medical and surgical treatment

Our medical treatment strategies and the surgical indica-
tions were as described below. Dietary treatment was
started with a special diet using either an elemental diet or
medium-chain-triglyceride diet in principle, except for the
cases with mild ascites that could be started on regular
milk. TPN with fasting was performed if the dietary
treatment had either no effect or an increase the amount of
ascites. TPN was considered from the first if the cases
demonstrated severe ascites. Surgical treatment was indi-
cated in order to identify the cause of either lymphatic
leakage or abnormal lymphatic drainage at the site of
mesenteric root including intestinal malrotation, when
refractory ascites had accumulated even after treatment
with TPN for more than 4 weeks. When the site of lym-
phatic leakage could not be identified in spite of Sudan
black oral administration, then fibrin glue may be applied
at the site that is responsible for the lymphatic leakage.

Collected data and analysis

The onset of fetal ascites was detected by routine ultra-
sound scans. Prenatal factors such as gestational age at
diagnosis, duration of persisting fetal ascites, and the
ultrasonographic measured values at third trimester of
pregnancy, such as the abdominal circumference (AC),
fetal trunk area (FTA), femur length (FL), and amniotic
fluid index were reviewed from the medical records. The
postnatal factors including sex, gestational age at birth,
mode of delivery, Apgar scores at 1 and 5 min, body
weight at birth, head circumference at birth, abdominal
circumference at birth, need for TPN, need for surgical
intervention, details of the surgical procedure, duration of
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hospitalization, duration of persisting ascites, and final out-
come were also collected. Cytological count and chemical
analysis of fluid were performed for the identification of chyle
in the cases ascites was sampled transabdominally under
ultrasound guidance either antenatally or postnatally. The
patients were divided according to the clinical course into the
favorable group (Group I) whose ascites were resolved by
medical treatment alone, and unfavorable group (Group II)
who required surgical intervention after birth due to refractory
ascites. Prenatal and postnatal prognostic factors were com-
pared between the two groups.

Statistical analyses

The mean and standard deviation or the median and range
were used to describe continuous variables, and the fre-
quency was used to describe the categorical data. Either the
Wilcoxon rank sum test or Student’s ¢ test was used for
comparison of continuous variables. The Fisher’s exact test
was used for analysis of categorical data. Values of
p < 0.05 were considered significant. The statistical anal-
ysis was performed with the JMP software package (Ver-
sion 8.02; SAS Institute, Inc., Cary, NC, USA).

Results

Twelve fetuses with primary isolated fetal ascites were
enrolled in this study. There were six males and six females
and the median gestational age at birth was 36.9 weeks’
gestation. The treatments after birth and outcomes of these
cases are summarized in Fig. 1. The ascites regressed
spontaneously without TPN in six infants. TPN was con-
ducted in the other six cases and one of the infants
improved after the initiation of TPN. These seven cases
were managed only by medical treatment (Group I). The
remaining five infants required surgery or continuous
drainage due to refractory ascites (Group II) (Fig. 1).

Prenatal and postnatal prognostic factors

The gestational age at diagnosis was significantly earlier in
Group II than in Group 1. There were no fetuses whose
ascites resolved spontaneously prior to delivery. Therefore,
the duration of persisting fetal ascites turned out to be
longer in Group II in comparison to Group I. There were no
differences in the amount of amniotic fluid and head size
between the two groups. Both AC and FTA were stan-
dardized by dividing them with FL, which were indicators
of abdominal distention, and were larger in Group II than
in Group I (Table 1). As a result, the severity of abdominal
distention or size was thus considered to be poor prognostic
factors for primary isolated fetal ascites.
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Fig. 1 Overview of the treatments and outcomes after birth for the
infants with primary isolated fetal ascites. The asterisk indicates a
case of continuous drainage alone. ED elemental diet, MCTD
medium-chain-triglyceride diet, NPO non per oral, TPN total
parenteral nutrition

There was a negative correlation between the gestational
age at diagnosis and FTA divided by FL, with a correlation
coefficient of —0.848. Four out of 5 (80%) infants who
developed ascites before 30 weeks’ gestation required
surgical intervention and two of these, in which the ascites
was detected before 20 weeks’ gestation had persistent
ascites for more than 10 months despite any treatment
including repeated surgical procedures. The ascites
resolved spontaneously without any surgical intervention in
6 of 7 (86%) patients who developed ascites after
30 weeks’ gestation (Fig. 2). There were no significant
differences between the two groups in the findings at birth
such as sex, gestational age, Apgar scores, body weight,
and the measured values of the body including the
abdominal circumference (Table 2).

Treatment and outcome

Although six fetuses underwent intrauterine therapeutic
paracentesis for an extremely enlarged abdomen, the

ascites reaccumulated within a few days in all cases. A
cesarean section was performed in five cases because the
enlarged abdomen of the fetuses. Three of the six infants
who underwent intrauterine therapeutic paracentesis could
avoid cesarean section and were delivered transvaginally.
The existence of chyle was confirmed in all cases in Group
II and three cases in Group I, because abdominal para-
centesis was not performed in 4 of 7 cases in Group I
(Table 3). Three infants in Group I were started on an
elemental diet due to moderate ascites, while the others
were started on regular milk. Only one case in Group I
needed TPN due to the ineffectiveness of the elemental diet
and later showed a good outcome. Four infants in Group II
started on either an elemental diet or medium-chain-tri-
glyceride diet due to severe ascites, and all patients of this
group, including other non per oral case subsequently
needed TPN, and eventually underwent surgery (Fig. 1;
Table 3). After Sudan black oral administration, laparot-
omy was performed to identify the presence of either
lymphatic leakage or a lymphatic drainage abnormality in
the retroperitoneum or at the site of mesenteric root
including intestinal malrotation. However, neither the site
of lymphatic leakage nor any abnormal lymphatic drainage
was detected during the laparotomy in all surgical cases,
Fibrin glue was used in region that were thought to be
responsible for the lymphatic leakage in three cases of
Group II. The ascites regressed after surgery in two patients
in spite of the fact that the lymphatic leakage site could not
be identified. Refractory ascites persisted in two patients
even after undergoing more than two surgical procedures.
An infant with trisomy 21 who received continuous
drainage eventually died of infection (Fig. I). Conse-
quently, the duration of hospitalization and persistent
ascites after birth became longer in Group II than in Group
I. The morbidity was 60%, and the mortality was 20% in
Group II (Table 3).

Discussion

Fetal ascites is generally a part of the symptoms in cases
with nonimmune fetal hydrops, which refers to fluid col-
lection in at least two body cavities or to fluid collection in

Table 1 Prenatal findings of

the infants with primary isolated Group I (n =7) Group Il (n = 5) p
fetal ascites Gestational age at diagnosis (days)* 225 (192-250) 196 (127-216) 0.016
BPD biparietal diameter, Duration of persisting feta‘l’ ascites (days)" 36 (13-60) 60 (37-137) 0.016
FL femur length, HC head Amniotic fluid index (cm) 18.0 + 7.89 22.1 4 8.15 0.393
circumference, AC abdominal BPD/FL® 14.7 + 0.79 15.4 £+ 0.69 0.127
circumference, FTA fetal trunk gy ® 4.9 + 0.40 54 + 048 0.108
f':edi " AC/FL® 54+ 053 64 + 094 0.037
, L ooah W range FTA/FL® 13 +0.25 18 + 042 0.038
Mean + standard deviation
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Fig. 2 The relationship between the gestational age at diagnosis and
fetal trunk area (FTA) divided by femur length (FL) indicated a
negative correlation with a correlation coefficient of —0.848. The
open circles represent the infants in Group I and the closed circles
represent the infants in Group IL The asterisk shows the cases
persisting ascites after surgical intervention

one cavity plus diffuse subcutaneous edema. The etiology
of nonimmune fetal hydrops include numerous causes such
as chromosomal anomalies, intrauterine infections, cardiac
failure, and structural anomalies of various organs [1].
Fetal ascites sometimes occur independently without a

fluid accumulation in any other serosal cavities or subcu-
taneous tissue. Favre et al. [3] analyzed a large series,
focusing on nonimmune fetal ascites, and reported that the
fetal ascites accompanied by fetal hydrops had more
unfavorable prognosis in comparison with isolated fetal
ascites without an association of hydrops. Several investi-
gators have reported that these isolated fetal ascites are
often caused by cardiac [13], renal [14], gastrointestinal
[15], pulmonary [16] and metabolic disorders [17]. The
prognosis for these cases is mostly favorable, although the
presence of isolated fetal ascites is a rare diagnosis and
work-up should be followed to ensure a proper diagnosis as
most of the cases are associated with other abnormalities
[18].

In contrast, isolated fetal ascites occasionally occurs
primarily without any evident underlying causes. Although
the mechanisms of primary isolated fetal ascites is not fully
understood, most of these fetuses result in chylous ascites
after birth [5, 11]. The causes of congenital chylous ascites
are congenital lymphatic dysplasia [7], obstruction of
lymphatic vessels [10], and leakage from lymph ducts
[6, 7]. Although the prognosis of these infants is usually
favorable [5], there are some unfavorable cases with severe
chylous ascites [19], and the prognostic factors of primary

Table 2 Findings of the infants with primary isolated fetal ascites at birth

Group I (n=7) Group Il (n = 5) p
Sex (M/F) 3/4 312 1.000
Gestational age at birth (weeks)® 37.0 +£ 098 36.6 + 0.75 0423
Apgar score at 1 min® 8.1 + 0.69 7.8 £ 1.09 0.715
Apgar score at 5 min® 83 £ (.76 9.0 £ 0.0 0.064
Body weight at birth (kg)* 292 + 0.30 305+ 034 0.504
Head circumference at birth (cm)* 336+ 123 33.5 +£ 096 0.860
Abdominal circumference at birth (cm)* 358 + 5.84 384 + 3.64 0456
ACHC* 1.1 +£018 1.1 +£0.09 0508
HC head circumference, AC abdominal circumference
* Mean =+ standard deviation
::t::)eni g);e?hu::’:ttflszgdwim ) Group I(n =7) Group Il (n = 5) P
primary isolated ascites Fetal abdominal paracentesis 2 4 0242
Cesarean section 1 4 0.072
Confirmation of chyle 3 5 0.080
Dietary treatment 3 4 0.198
Total parenteral nutrition 1 5 0015
Surgical intervention 0 5 0.001
Duration of hospitalization (days)® 17 (4-40) 79 (18-95) 0.023
Duration of persisting ascites (days)® 25 (5-81) 238 (64-966) 0.005
Morbidity 0 3 0.046
Mortality 0 1 0417

* Median with range
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isolated fetal ascites have not been fully elucidated because
of its small population.

Therefore, a retrospective review of primary isolated
fetal ascites was conducted to evaluate the prognostic
factors. The results demonstrated that the most important
prognostic factor was the gestational age of onset for fetal
ascites. In fact, 86% of the patients who had fetal ascites
detected after 30 weeks’ gestation regressed without sur-
gical intervention. In contrast, 80% of the infants who
developed fetal ascites before 30 weeks’ gestation even-
tually required some kind of surgical intervention. In par-
ticular, two patients whose ascites were detected before
20 weeks’ gestation experienced the chylous ascites more
than 10 months after birth, despite treatment, including
repeated surgery. In addition, there was a negative corre-
lation between the gestational age at diagnosis and the
severity of the fetal ascites, which was also a prognostic
factor of primary isolated fetal ascites. These results indi-
cated that the gestational age of the onset of fetal ascites
may suggest the etiology or mechanism of fetal ascites,
because congenital chylous ascites is caused by several
types of lymphatic abnormalities [11, 20], and the type of
lymphatic abnormalities determines the outcome [5, 7].

The development of the lymphatic system commences
after 5 weeks’ gestation and will be completed by
16 weeks® gestation [21]. Therefore, the appearance of
fetal ascites before the complete formation of lymphatic
system suggests the abnormal development of the lym-
phatic system, and the appearance after the formation of
this system suggests an accidental abnormality in the
lymphatic system. Ascites detected after 30 weeks’ gesta-
tion in the current series were more likely to regress
spontaneously with medical treatment alone. These facts
implied that fetal ascites that appeared later in pregnancy
may be caused by a localized occlusion or leakage of a
lymphatic duct, and thus, often regresses spontaneously [3]
or will respond to conservative therapy using a medium-
chain-triglyceride diet or TPN {[22]. The involvement of
Tymphatic abnormalities may be greater in the fetuses with
ascites detected between 20 and 30 weeks’ gestation than
in the later onset cases. Even though conservative treat-
ments may be ineffective in these cases [8], surgical
intervention may be effective and indicated. An explor-
atory laparotomy may therefore improve ascites due to
adhesion of the lymphatic leakage area [8, 23] and decrease
the chyle flow [24], even if no responsible lesion is iden-
tified during the surgery.

In contrast, ascites noticed before 20 weeks’ gestation
were refractory and persisted despite various types of
treatment. Surgical correction of the lymphatic system or
adhesive therapy may be ineffective for these intractable
ascites because these cases may be closely correlated with
a congenital defect in the development of the lymphatic
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system [25]. More aggressive surgical therapy such as a
peritoneovenous shunt may be required in such intractable
cases, though this procedure has a higher incidence of
serious complications, such as sepsis [26]. Intrauterine
paracentesis had no effect on preventing an enlarged
abdomen because of rapid reaccumulation of the ascites.
However, intrauterine therapeutic paracentesis is useful for
avoiding cesarean section by reducing the abdominal size
over a short term and to ensure the safe delivery of the
baby [26]. This procedure was performed in six fetuses and
avoided cesarean section in two of them.

One major limitation of this study was that this retro-
spective study consisted of a small series of single insti-
tutions. However, primary fetal ascites is uncommon as a
cause of isolated fetal ascites, which is rare in the fetal
ascites diagnosed before birth [18], and thus, the study has
generalizable information which is useful to practitioners
for predicting the prognosis. In the present study, the
prognosis of primary isolated fetal ascites can therefore be
predicted by the gestational age at the time of diagnosis
and it may be possible to estimate the optimal management
for these fetuses both in utero and after birth based on these
prognostic factors.
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The outcome and prognostic factors of twin—twin transfusion
syndrome following fetoscopic laser surgery

Haruhiko Sago'?*, Satoshi Hayashi'2, Mari Saito®, Hiromi Hasegawa®, Hiroshi Kawamoto®, Naomi Kato!,
Yukiko Nanba!, Yushi Ito!, Yuichiro Takahashi®>®, Jun Murotsuki®®, Masahiko Nakata?’, Keisuke Ishii®®
and Takeshi Murakoshi®?

! Department of Maternal-Fetal and Neonatal Medicine, National Center for Child Health and Development, Tokyo, Japan
2Japan Fetoscopy Group, Tokyo, Japan

3Division of Clinical Research, National Center for Child Health and Development, Tokyo, Japan

Department of Pediatrics, Tokyo Metropolitan Komagome Hospital, Tokyo, Japan

SDepartment of Fetal-Maternal Medicine, Nagara Medical Center, Gifu, Japan

SDepartment of Obstetrics and Gynecology, Tohoku University Graduate School of Medicine, Sendai, Japan

Perinatal Care Center, Yamaguchi University Hospital, Ube, Japan

8Maternal and Perinatal Care Center, Seirei Hamamatsu General Hospital, Hamamatsu, Japan

Objectives To evaluate the outcome and preoperative risks of twin—twin transfusion syndrome (TTTS)
following fetoscopic laser surgery (FLS).

Methods A retrospective cohort study of a series of 181 consecutive cases of TTTS before 26 weeks’
gestation subjected to FLS at four centers in Japan between July 2002 and December 2006.

Results The chances of survival of at least one twin at 28 days of age and 6 months of age were 91.2% and
90.1%, respectively. The rate of major neurological complications in survivors at 6 months of age was 4.7%.
Preoperative findings that were significant risk factors for death were as follows: (1) being donor [odds ratio
(OR): 3.01, 95% confidence interval (CI): 1.24-7.31, P = 0.015]; (2) reversed (OR: 11.78, CI: 3.05-45.55,
P < 0.001) and absent (OR: 3.95, CI: 1.66-9.43, P = 0.002) end-diastolic velocity in the umbilical artery
(EDV-UA) of the donor; and (3) reversed blood flow in the ductus venosus of the recipient (OR: 2.35, CL:
1.04-5.29, P = 0.040).

Conclusions FLS leads to high survival rates and low neurological morbidity for fetuses in TTTS. FLS is
an effective therapeutic option for TTTS before 26 weeks of gestation. Preoperative Doppler findings of the
umbilical artery and the ductus venosus are useful in predicting prognosis following FLS. Copyright © 2010
John Wiley & Sons, Ltd.

KEY worps: fetal therapy; fetoscopic laser surgery; odds ratio; prognostic factor; twins; twin-twin transfusion

syndrome; ultrasound

INTRODUCTION

Twin—twin transfusion syndrome (TTTS), which occurs
in 10% of monochorionic twin pregnancies, is associated
with high perinatal morbidity and mortality (Mahony
et al., 1990; Saunders et al., 1992). Blood flow imbal-
ance between twins via placental vascular anastomoses
is assumed to be responsible for TTTS (Diehl et al.,
2001; Bermidez er al., 2002). Fetoscopic laser coagu-
lation of placental vascular anastomoses is believed to
treat TTTS and improve the survival rate and neurolog-
ical outcomes (De Lia et al., 1990, 1995; Ville et al.,
1995). Retrospective studies have noted that fetoscopic
laser surgery (FLS) resulted in higher survival rates and
lower rates of neurological complications (Ville et al.,
1998; Hecher er al., 1999; Quintero et al., 2003). One
prospective randomized trial by the Eurofoetus group

*Correspondence to: Haruhiko Sago, Department of Maternal-
Fetal and Neonatal Medicine, National Center for Child Health
and Development, 2-10-1 Okura, Setagaya-ku, Tokyo 157-
8535, Japan. E-mail: sagou-h@ncchd.go.jp

Copyright © 2010 John Wiley & Sons, Ltd.
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has demonstrated that FLS is a superior and more
effective first-line treatment compared to serial amniore-
duction (Senat et al., 2004). However, a prospective
randomized trial performed in the United States failed to
complete the study with unfavorable results (Cromble-
holme ez al., 2007). We began performing FLS for TTTS
in Japan in 2002 (Ishii et al., 2007; Murakoshi et al.,
2008). We evaluated the cutcome of FLS with regard to
its effectiveness as a treatment for TTTS.

The Quintero staging has been proposed to stratify
cases of TTTS according to the degree of severity deter-
mined by sonographic findings (Quintero ef al., 1999).
This widely used staging system has less prognostic sig-
nificance in patients treated by FLS (Muratore ef al.,
2009; Rossi and D’ Addario, 2009). Doppler studies have
been employed in an attempt to predict outcomes after
FLS (Zikulnig et al., 1999; Martinez et al., 2003; Chang
et al., 2006; Ishii et al., 2007; Murakoshi et al., 2008).
Although the association between reversed or absent
end-diastolic velocity in the umbilical artery (EDV-
UA) and intrauterine fetal death in the donor has been
described (Martinez ef al., 2003; Chang et al., 2006;
Ishii et al., 2007; Murakoshi et al., 2008), little is known
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about preoperative predicting factors. The aims of this
study were to validate the efficacy of FLS for TTTS
performed in Japan and investigate preoperative findings
that affect the survival of twin fetuses after FLS.

PATIENTS AND METHODS

A retrospective cohort study examined a series of 181
consecutive pregnant women affected by TTTS who
underwent FLS at four centers in Japan between July
2002 and December 2006. The diagnosis of TTTS was
based on a monochorionic twin pregnancy that was com-
plicated by polyhydramnios with a maximum vertical
pocket (MVP) >8.0 cm (with a distended bladder) in the
recipient, and oligohydramnios with an MVP <2.0 cm
(with a nondistended bladder) in the donor. Inclusion
criteria for FLS were TTTS Quintero stages 1 through 4
and a gestational age between 16 and 26 weeks. Exclu-
sion criteria were a major fetal anomaly, ruptured mem-
branes, uncontrolled uterine contractions, and a maternal
condition mandating delivery. All TTTS patients who
qualified the above criteria were offered FLS. The pro-
tocol for the retrospective cohort study was approved by
the institutional review board at each institute.

Routine preoperative ultrasound assessment including
fetal biometry, fetal morphology, amniotic fluid volume,
and placental location was performed followed by color
and pulsed Doppler examination. The fetal weight was
estimated by the Japanese Society of Ultrasound in
Medicine (JSUM) formula using biparietal diameter,
abdominal circumference, and femur length (Shinozuka
et al., 2000). In the Doppler studies, the occurrence of
absent or reversed EDV-UA, reverse flow in the ductus
venosus (RF-DV), and pulsatile flow in the umbilical
vein (PF-UV) was recorded.

FLS for fetoscopic laser coagulation of placental vas-
cular anastomoses was performed in a similar manner
at each institute, based on previously described meth-
ods (Quintero et al., 1998). Under adequate anesthesia
(regional, local, or general in early cases), a 3.8-mm tro-
car was percutaneously inserted into the recipient sac.
A 2-mm fetoscope with a 3-mm cannula (Karl Storz,
Tuttlingen, Germany) was used through a trocar at two
centers. A 3.5-mm diagnostic fetoscope and a 3-mm
operating fetoscope (Richard Wolf, Vernon Hills, IL,
USA) were used through a trocar at the other two cen-
ters. All communicating vessels between the twins on
the chorionic plate of the placenta (including arterio-
venous (AV), arterio-arterial (AA), and veno-venous
(VV) anastomoses) were coagulated selectively using an
output of 15 to 40 W with a 600-um diameter Nd: YAG
(neodymium: yttrium—aluminum-—garnet) laser fiber and
a nontouch technique. The amniotic fluid was subse-
quently drained through the cannula until the MVP
reached less than 6 cm. All patients provided written
consent to undergo FLS, and it was approved by the
ethics committee of each institution.

Perioperative management with prophylactic tocoly-
sis and antibiotics was provided by the four centers in
which FLS was performed. Prenatal care with weekly
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ultrasound examination including pulsed Doppler assess-
ment, and delivery and neonatal management was pro-
vided by the referring perinatal centers. Delivery was
decided according to obstetrical indications by the treat-
ing perinatologist. Neonates were routinely examined by
brain ultrasonography. Magnetic resonance imaging was
performed when clinical examination or ultrasonogra-
phy was suggestive of an abnormality. All infants were
examined by trained pediatricians at 6 months of age at
the referring perinatal centers.

The primary outcome measures were survival of at
least one twin at 28 days of age, survival of at least
one twin at 6 months of age, and the rate of major
neurological complications in survivors at 6 months of
age. Pregnancy loss was defined as delivery at less than
22 weeks of gestation. Major neurological complications
were defined in all infants as severe intraventricular
hemorrhage (grade 3 or 4), cystic periventricular leuko-
malacia, and other clinically significant abnormalities
(cerebral palsy, hydrocephalus, ventriculomegaly, and
multiple infarction).

Statistical analysis

The odds ratio (OR) was used to estimate the risk of fetal
or neonatal death (all deaths up to 28 days), according
to the risk factors of preoperative findings. We selected
all deaths up to 28 days instead of those in utero as
the outcome for prognostic factors because survival at
28 days was the primary outcome of this study. Univari-
ate analyses were used to estimate the crude ORs and
their 95% ClIs of the preoperative risk factors. These
factors included estimated fetal weight (EFW) [stan-
dardized using JSUM standardization formula (Table 5
footnotes) and categorized to be equal to or less than
—28D and more than —2SD], the MVP in the donor and
in the recipient, nonvisualization of the donor’s bladder,
EDV-UA of the donor (categorized as reverse, absent,
or normal), RF-DV of the donor, PF-UV in the donor,
EDV-UA of the recipient, RF-DV of the recipient, PF-
UV in the recipient, hydrops in the recipient, and gesta-
tional age at FLS. The gestational age at delivery, which
was not a preoperative finding, was also used in univari-
ate analysis for reference. Multiple logistic regression
models were used to control for the possible confound-
ing effects between the preoperative variables, which
showed significant ORs in the univariate analysis. We
used the generalized estimating equation (GEE) method
for modeling the twins simultaneously, and included
some interaction terms to estimate their risks separately.
The reported P values were two-sided. P < 0.05 was
considered to be statistically significant. Analyses were
performed using SAS software version 9.1.2 (SAS/STAT
software: user’s guide, version 9.1. SAS Institute Inc.;
2004, Cary, NC, USA)

RESULTS

A total of 181 patients underwent laser surgery. The
mean gestational age at the time of surgery was

Prenat Diagn 2010; 30: 1185-1191,
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21.2 weeks. Approximately 50% of the cases were found
to have an anterior placental location. Most of the cases
(75%) were at Quintero stage 3 or 4 (Table 1). In two
cases, the procedure was not completed because of the
difficulty in observing all communicating vessels in an
anterior placental location and turbid amniotic fluid.
There was no maternal death. One case of placental
abruption and two cases of mirror syndrome (these cases
were previously reported) were observed (Hayashi et al.,
2006; Matsubara et al., 2008). There were six cases of
treatment failure including one case of TTTS, which
resulted in delivery at 26.6 weeks of gestation and five
cases of twin anemia polycythemia sequence that were
diagnosed by neonates’ blood analyses followed by dye
injection studies of placenta (Lopriore et al., 2007). In
these six cases, two donors and two recipients died. In
addition, two donors and two recipients showed major
neurological handicaps.

Pregnancy outcomes are presented in Table 2. The rate
of premature rupture of membranes within 28 days after
FLS was 7.7%. Delivery before 24 weeks, which was
including pregnancy loss, occurred in 13 cases (7.2%).

Table 1 —Baseline characteristics (n = 181)

Age (year)® 31.0+45
Nulliparity: n (%) 100 (55%)
Gestational age at surgery (week)® 212425
Location of placenta: n (%)
Anterior 89 (49%)
Posterior 92 (51%)
Quintero stage: n (%)
Stage 1 14 (8%)
Stage 2 30 (17%)
Stage 3 113 (62%)
Stage 4 24 (13%)
#Mean =+ standard deviation.
Table 2—Pregnancy outcomes (n = 181)
Pregnancy complications
Pregnancy loss within 7 days 4 (2.2%)
after FLS: n (%)
PROM within 7 days after 7 (3.9%)
FLS: n (%)
PROM within 28 days after 14 (7.7%)
FLS: n (%)
Gestational age at delivery (week)
Median 329
Interquartile range 29.3-36.1
Gestational age at delivery: n (%)
<24 weeks® 13 (7.2%)
24 to <28 weeks 20 (11.1%)
28 to <32 weeks 40 (22.1%)
32 to <34 weeks 36 (19.9%)
34 to <36 Weeks 19 (10.5%)
>36weeks 53 (29.3%)
Birth weight (g)
Donor (n = 137) 1471 £ 596
Recipient (n = 157) 1787 £ 613

FLS, fetoscopic laser surgery; PROM, premature rupture of mem-
branes.
2Including pregnancy loss.
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The mean gestational age at delivery was 32.9 weeks.
A total of 72 cases (39.8%) were delivered at 34 weeks
or later.

Survival rates are presented in Table 3. The rate of
survival of at least one twin at 28 days of age was
91.2% (95% CI: 86.1-94.5%). The rate of survival of
at least one twin at 6 months of age was 90.1% (95%
CI: 84.8-93.6%). A minimal difference was found for
both the survival of at least one twin and the survival
of both twins at 6 months of age compared to those
rates at 28 days of age. There were no differences in
the survival rates of at least one twin at 28 days of age
between Quintero stage 1 to 2 (90.9%) and stage 3 to
4 (91.2%). However, the rates of the two survivors at
28 days of age had decreased in Quintero stage 3 to 4
(59.1%) compared to those at stage 1 to 2 (81.8%). The
survival rate of at least one twin at 6 months of age
was less than 60% in cases that were delivered before
28 weeks of gestation.

Perinatal and neonatal outcomes, including neurolog-
ical complications, are presented in Table 4. The per-
centage of fetuses that died in utero or by 6 months of
age was 24%. The death rate of the donor (30.9%) was
almost double of that of the recipient (17.1%). Follow-
ing FLS, 52/87 (60%) of the deaths occurred in utero; of
these deaths, 35/52 (67%) occurred within 7 days after
FLS. The rate of major neurological complications in the
survivors at 6 months of age was 4.7% (13/275). The
rate of survivors at 6 months of age without major neu-
rological complications was 72.4% (262[275-13]/362).

Univariate analysis showed that low EFW (equal to
or less than —2SD) of the donor and reversed or absent
EDV-UA of the donor strongly correlated with fetal or
neonatal death of the donor; RF-DV of the recipient and
hydrops of the recipient correlated with the outcome of
the recipient (Table 5). Variables such as MVP, PF-UV,
or gestational age at surgery did not affect the outcome.
Although nonvisualization of the bladder was suspected
as a favorable prognostic factor (OR: 0.56), it did not
reach significance (Table 5). It became significant when
the analysis was limited to the patients of Quintero
stage 3 (N = 113; OR: 0.37; CI. 0.16-0.82; P = 0.013;

Table 3——Survival rates (n = 181)

Survival at 28 days

0 survivors 16 (8.8%)
1 survivor 48 (26.5%)
2 survivors 117 (64.6%)

36/44 (81.8%)
81/137 (59.1%)
165 (91.2%)
40/44 (90.9%)
125/137 (91.2%)

Quintero stage 1 or 2
Quintero stage 3 or 4
At least 1 survivor
Quintero stage 1 or 2
Quintero stage 3 or 4
Survival at 6 months

0 survivors 18 (9.9%)
1 survivor 51 (28.2%)
2 survivors 112 (61.9%)

At least 1 survivor 163 (90.1%)
At least 1 survivor at 6 months by gestational age at delivery

<28 weeks 19/33 (57.6%)
28 to <32 weeks 37/40 (92.5%)
>32weeks 107/108 (99.1%)

Prenat Diagn 2010; 30: 1185-1191.
DOI: 10.1002/pd



1188

Table 4—Perinatal and infant outcomes
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QOutcome

Donor (n = 181)

Recipient (n = 181)  Total (n = 362)

All deaths at 6 months
Pregnancy loss (<22 week)
Fetal, neonatal, or infant death
In utero
Within 7 days after FLS
0-7 Days after delivery
8-28 Days after delivery
1-6 Months after delivery
Major neurological complications
Intraventricular hemorrhage (grade 3 or 4)
Cystic periventricular leukomalacia
Others
Alive at 6 months without major neurological complications
Alive at 6 months with major neurological complications

56 (30.9%) 31 (17.1%) 87 (24.0%)
6 (3.3%) 6 (3.3%) 12 (3.3%)
35 (19.3%) 17 (9.4%) 52 (14.4%)
24/35 (68.6%) 11/17 (64.7%) 35/52 (67.3%)
5 (2.8%) 5 (2.8%) 10 (2.8%)
4 (2.2%) 2 (1.1%) 6 (1.7%)
6 (3.3%) 1 (0.6%) 7 (1.9%)
12 (6.6%) 9 (5.0%) 21 (5.8%)
7 (3.9%) 1 (0.6%) 8 (2.2%)
3 (1.7%) 5 (2.8%) 8 (2.2%)
2 (1.1%) 3 (1.7%) 5 (1.4%)
121 (66.9%) 141 (77.9%) 262 (72.4%)

41125 (3.2%) 9/150 (6.0%) 13/275 (4.7%)

nonvisible bladder: number of dead/alive, 15/48; visible
bladder: 23/27). The gestational age at delivery, the
intermediate variable, had a significant influence on
the outcome (Table 5). The results of multivariate GEE
analysis of preoperative factors are shown in Table 6.
There was a great risk involved in being a donor.
Reverse or absent EDV-UA was a significant risk factor
for the death of the donor; in these cases, the OR of
reverse EDV-UA was about three times higher than that
for cases with absent EDV-UA. RF-DV of the recipient
was a significant risk factor for the death of the recipient.
The effect of gestational age at FLS, EFW, and hydrops
was not statistically significant.

DISCUSSION

We report the initial comprehensive results of FLS for
TTTS in Japan. The rate of survival of at least one
twin at 28 days of age was above 90% regardless of
the stage. The rate of premature rupture of membranes
within 28 days after FLS was less than 8%. The rate
of treatment failure was 3% (6/181). The rate of major
neurological complications in the survivors at 6 months
of age was less than 5%. In the reliable outcomes of FLS
published between 1997 and 2007, the rate of survival of
at least one twin was 75% to 87% and the rate of cerebral
anomalies was 2% to 33% (Rossi and D’ Addario, 2008).
This meta-analysis found that FLS was associated with
better outcomes than serial amnioreduction. Our results
support the premise that FLS is an effective treatment
option for TTTS before 26 weeks of gestation.

The preoperative findings of the donor or recipient
only contributed to the death of that fetus. Reversed
or absent EDV-UA of the donor, which related to the
death of the donor, was a major predictor; RF-DV of the
recipient, which related to the death of the recipient, was
a secondary predictor. The association between reversed
or absent EDV-UA and intrauterine fetal death in the
donor has been reported (Martinez et al., 2003; Chang
et al., 2006; Ishii et al., 2007, Murakoshi et al., 2008).
Our results confirm this association and demonstrate
that reversed EDV-UA has a threefold risk of death
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compared to absent EDV-UA. A correlation between
RF-DV and mortality is suspected; however, only one
study has reported a lack of association between reversed
or absent EDV-UA and mortality (Zikulnig er al., 1999).
Our results demonstrate this correlation of RF-DV in
the recipient with strong association of EDV-UA in the
donor.

There were no differences in the survival of at least
one twin at 28 days of age between Quintero stages 1
to 2 and 3 to 4; however, the number of cases with two
survivors decreased in Quintero stage 3 to 4 compared
to that in stage 1 to 2. This finding is understandable
because significant risk factors for one death (such as
reversed or absent EDV-UA and RF-DV) are the find-
ings for Quintero stage 3. Nonvisualization of the blad-
der, which is the finding for Quintero stage 2, also has
no adverse effect. It has been suggested that the com-
monly used Quintero staging does not accurately reflect
post-FLS mortality risk (Muratore e? al., 2009; Rossi and
D’ Addario, 2009). It has been reported that the highest
mortality of TTTS after FLS has been recognized in
Quintero stage 3 (Muratore et al., 2009). We suspected
that there is a considerable range of potential outcomes
of Quintero stage 3; therefore, we tried to validate the
Quintero stage 3 subclassification based on the visibil-
ity of the bladder of the donor (Murakoshi et al., 2008).
Quintero stage 3 atypical, which is defined as abnormal
Doppler findings with bladder visualization, was associ-
ated with a high donor mortality after FL.S (Murakoshi
et al., 2008). Our study has confirmed this finding to
demonstrate that nonvisualization of the bladder is a
favorable prognostic factor in Quintero stage 3.

Risk factors for post-FLS mortality may not accurately
represent the severity of TTTS. They may instead reflect
an adverse effect of FLS or the status of monochorionic
twins after ablation of placental communicating vessels.
The cause of absent or reversed EDV-UA in TTTS is
suspected to be linked to a small placental territory, pla-
cental vascular anastomoses, or both (Martinez et al.,
2003; Chang et al., 2006). Resolution of an absent or
reversed EDV-UA after FLS implies the presence of
an adequate individual placental territory and removal
of donor hypotension caused by vascular anastomoses

Prenat Diagn 2010; 30: 1185-1191.
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Table 6—Muitivariate-adjusted OR of preoperative factors for
fetal or neonatal deaths after laser surgery

95% P

Prognostic factors OR Cl value
Donor/recipient 3.01  1.24-731 0.015
Gestational age at FLS 093 0.83-1.04 0.195
(+1 week)
Estimated fetal weight 1.33  0.62-2.87 0.469
(=—2SD/—2SD<)
Reverse EDV-UA?

For donor death 11.78 3.05-45.55 <0.001

For recipient death 0.41 0.06-2.71 0.352
Absent EDV-UA?

For donor death 395 1.66-943 0.002

For recipient death 0.85 035-2.07 0.717
RF-DV*®

For donor death 129  0.54-3.04 0.567

For recipient death 2.35 1.04-5.29 0.040
Recipient hydrops 1.51 0.64-3.57 0.346

CI, confidence interval; EDV-UA, end-diastolic velocity in the umbil-
ical artery; FLS, fetoscopic laser surgery; OR, odds ratio; RF-DV,
reverse flow in the ductus venosus.

2The interaction terms were used to estimate ORs of the donor and
recipient separately.

(Chang et al., 2006). A small placental territory or vas-
cular anastomoses-induced donor hypotension is sus-
pected to be a cause of deaths of donors after FLS.
To prevent donor hypotension caused by vascular anas-
tomoses after FLS, the surgical technique of sequen-
tial selective laser photocoagulation of communicating
vessels has been introduced, and the initial results are
promising (Quintero et al., 2007; Nakata er al., 2009).
Being a donor that has smaller placental territory than
the recipient is a significant risk factor. Placental insuf-
ficiency caused by a small placental territory may be a
major prognostic factor for the donor after FLS (Habli
et al., 2008).

The OR of low EFW of the donor in univariate
analysis (OR: 2.76; P = 0.004) was reduced in mul-
tivariate logistic analysis (OR: 1.33; P = 0.469). This
implies that low EFW affects mortality via a high cor-
relation with reversed or absent EDV-UA of the donor.
Similarly, the reduction of the OR of hydrops of the
recipient in multivariate logistic analysis (OR: 1.51;
P =0.346) compared to that in univariate analysis (OR:
3.07; P = 0.022) implies that hydrops affects mortal-
ity via a high correlation with RF-DV of the recipient.
RF-DV of the recipient, which is an abnormal venous
flow, is a sign of significant right cardiac overload of the
recipient (Hecher et al., 1995). Hydrops of the recipient
is a sign of cardiac failure caused by cardiac overload
of the recipient. Cardiac overload caused by a blood
flow imbalance may be a major prognostic factor for
the recipient after FLS.

Gestational age at delivery had a strong effect on
the outcome of survival. This is not surprising because
gestational age at delivery has a strong influence on
the survival of neonates in general. Gestational age
at delivery, an event after FLS, was the intermediate
variable for relationship between preoperative findings
and the outcome of survival after FLS. Gestational age
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at delivery was not used as a variable for multivariate
analysis because it was not appropriate to use the
intermediate variable in multivariate analysis to examine
the effects of preoperative factors on the outcome. It
is interesting to investigate the preoperative variables
that are associated with gestational age at delivery.
Further research is required to examine the analysis
using gestational age at delivery as the outcome.

Our study has strengths and limitations. The strength
of this study is its evaluation of a large cohort of patients
that underwent FLS in Japan under the same proto-
col. Although this is a retrospective study, there is no
lack of data with regard to survival, major neurological
complications, or preoperative ultrasound findings. The
limitations of this study are lack of data on long-term
follow-up and further parameters such as a cardiovas-
cular profile (Shah ez al., 2008). Neurological morbidity
was assessed at 6 months of age; however, long-term
follow-up is necessary to evaluate the incidence of neu-
rological morbidity (Graef er al., 2006). We assessed the
predictive factors using preoperative ultrasound findings
mainly described in Quintero staging. Further parameters
will give further insight into prognostic factors.

CONCLUSION

This study demonstrated a high survival rate and low
neurological morbidity for TTTS treated by FLS. Our
findings suggest that FLS has been successful in Japan,
and that FLS is an effective treatment option for TTTS
before 26 weeks of gestation. Significant preoperative
risk factors for post-FLS mortality are being a donor
(OR: 3.01), reversed or absent EDV-UA of the donor
(ORs for donor death: 11.78, 3.95, respectively), and
RF-DV of the recipient (OR for recipient death: 2.35).
Prognostic factors for the donor, such as reversed or
absent EDV-UA, imply placental insufficiency. Prognos-
tic factors for the recipient such as RF-DV imply cardiac
overload.
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Abstract This report describes a case of fetal mediastinal teratoma complicated by hydrops fetalis
managed successfully by aspiration of the tumor cyst fluid. Fetal mediastinal teratomas are rare tumors
that cause hydrops fetalis or fetal demise in the prenatal period and respiratory distress in the neonatal
period. The patient presented with a large cystic mass in the thoracic cavity complicated by hydrops

fetalis. The hydrops resolved after fetal aspiration of the tumor cyst fluid. The infant was born without
respiratory distress, and tumor resection was performed at the age of 30 days. The postoperative course
was uneventful, and the patient was in good health 6 months postoperatively.

© 2010 Elsevier Inc. All rights reserved.

Mediastinal teratomas (MTs) represent approximately
20% of all mediastinal masses and 10% of all teratomas in
childhood. They usually occur in the anterior mediastinum
[1-4]. This entity is rarely diagnosed prenatally and often
results in the development of hydrops and fetal demise
[4-7]. Mediastinal teratomas are rare in neonates and
present with severe respiratory distress immediately after
birth [1,2,8-10]. Previous reports emphasize that despite
early and uncomplicated surgical excision of the tumor, it is
difficult to salvage an infant with MT because of poor heart
development and lung hypoplasia resulting from intraute-
rine compression [2,8,10]. The following report illustrates a
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rare case of fetal MT with hydrops fetalis treated by
prenatal aspiration of the tumor cyst fluid and subsequent
postnatal resection.

1. Case report

A 37-year-old gravida 1 para 0 woman was referred to our
hospital for evaluation of a cystic mass in the fetal thorax
associated with hydrops fetalis at 29 weeks of gestation. The
initial ultrasound examination at 23 weeks of gestation
showed a structurally normal fetus with the exception of a
large cyst in the right anterior mediastinum. Magnetic
resonance imaging demonstrated a large cystic and solid
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mass occupying the thoracic cavity bilaterally without
pericardial effusion, and a presumptive diagnosis of
mediastinal teratoma was made. Serial ultrasound examina-
tions were performed. There was no evidence of heart failure
on fetal echocardiography. At 29 weeks of gestation, the size
of the lesion had increased and fetal hydrops was present
characterized by edema and ascites (Fig. 1A).

Magnetic resonance imaging at the time of referral
showed a large cystic mass in the fetal thorax with hydrops
fetalis and polyhydroamnios (Fig. 1B). Three days after
referral, aspiration of the fetal tumor cyst fluid and an
amniocentesis were simultaneously performed. The amount

A

Fig.1 A, Fetal ultrasound at 29 weeks of gestation shows a large
cystic mass and compressed heart and lung. B, Fetal magnetic
resonance imaging (single-shot turbo spin echo sequence: repetition
time, 900 milliseconds; echo time, 84 milliseconds) obtained in an
axial plane at 29 weeks gestation. Axial views revealed a large
cystic lesion in the fetal thorax (arrow) compressing the lungs and
the heart. Skin edema was present (arrowhead).
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of the fluid aspirated from the mass was 75 mL. After the
procedure, the hydrops fetalis subsided within a week
(Fig. 2A). The size of the cystic lesion in the thorax
decreased; however, the solid component increased in size
(Fig. 2B). The fetus appeared to do well with continued
growth after aspiration of the tumor cyst fluid.

A male infant weighing 3070 g was born by assisted
breech delivery at 39 weeks of gestation. Apgar scores were
8 and 9 at | and 5 minutes, respectively, and there was no
respiratory distress noted. Human chorionic gonadotropin,
serum alpha-fetoprotein, and CA125 levels were within
normal limits for a newborn; however, the CA 19-9 level was
slightly elevated (89.8 U/mL). Chest computed tomography

A

Fig. 2 A, Fetal ultrasound performed 3 days after the aspiration
of the tumor cyst fluid. The cystic lesion decreased in size
dramatically and the size of the lung increased. B, Fetal magnetic
resonance imaging (single-shot turbo spin echo sequence: repetition
time, 900 milliseconds; echo time, 84 milliseconds) obtained in an
axial plane at 36 weeks of gestation (after thoracocentesis). The
solid component of the tumor increased in size (arrow in A).
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Fig. 3  Precontrast chest CT scan at 27 days after birth. The fat
attenuation and calcification (arrowhead) became more obvious in
the mass.

(CT) 3 days afier birth showed a bilateral heterogencous
mass containing soft tissue, fluid, and a minute amount of fat
and calcium attenuation. The fat and calcium attenuation in
the mass became more apparent in the chest CT obtained
27 days after birth (Fig. 3). At 30 days of age, tumor
resection was performed via a median sternotomy incision.
The resected tumor was 9 x 7.5 x 3.5 cm. The cut surface
revealed a solid component and a mutilocular cyst containing
serous liquid and hair. Histopathology demonstrated a
mature teratoma containing elements of pancreatic, intesti-
nal, cartilaginous, fat, and thymic tissue. The patient had
an uneventful postoperative course. Six months postopera-
tively, the infant was in good health with no respiratory
problems or evidence of recurrence.

2. Discussion

Mediastinal teratomas represent approximately 10% of
congenital teratomas in children [1,3,4], and are rarely
reported prenatally or neonatally. To date, few prenatal
cases have been reported [4-7,10-13]. Typical findings are a
cystic and solid mass in the chest, polyhydramnios, and
hydrops fetalis [10-13]. The mechanisms of polyhydram-
nios and hydrops have been explained by several previous
authors. Polyhydramnios is caused by esophageal compres-
sion and decreased swallowing of amniotic fluid; hydrops is
because of obstruction of venous return from the placenta
by the tumor [5-7,10]. Once fetal hydrops develops, fetal
demise rapidly ensues [4-7]. In the present case, we
performed fetal echocardiography and did not detect any
evidence of heart failure of the fetus. Fortunately, hydrops
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resolved immediately after the aspiration of the tumor cyst
fluid. An early intervention at the onset of hydrops may
have been effective and sufficient for reversal of this
condition [12].

There are few reports of MTs in newborns. Almost all
neonates with MTs require urgent surgery because of severe
respiratory distress [2,8,9]. In some cases, severe morbidity
and mortality have been reported even after complete
resection of the tumor [8,10]. In one case [8], a newborn
with MT died of hypoplastic heart despite successful
removal of the mass. Although the case had no evidence of
hydrops in the prenatal period, the compression of the heart
by MT was the probable cause of the hypoplastic heart.

In the present case, aspiration of the tumor cyst fluid was
effective in halting the progression of hydrops. In addition,
relief of the thoracic pressure by the aspiration of the tumor
cyst fluid may have prevented the development of
hypoplasia of the lungs and heart. Fortunately, neonatal
MTs are almost always benign [1.2]. Spillage of malignant
cells is unlikely even if the thoracic cavity is contaminated by
fluid in the cysts during the fluid aspiration. Malignant cells
were not detected in the fluid aspirated in this case. The
present case suggests that aspirating tumor cyst fluid resolves
the hydrops fetalis associated with fetal MTs.

Merchant et al [13] reported 2 cases of MTs treated by
fetal surgery and an ex utero intrapartum procedure. One
fetus with hydrops underwent in utero resection of the mass
at 23 weeks of gestation and the other underwent an ex
utero intrapartum procedure for establishment of an airway
and tumor resection at 36 weeks of gestation [13]. The
authors recommend an in utero resection of the tumor for
cases with fetal hydrops found before 30 weeks of
gestation. From our experience with the present case, we
recommend aspiration of the tumor cyst fluid as first-line
therapy when the tumor is cystic in nature. When fluid
aspiration is ineffective and/or the tumor is solid, in utero
resection should be considered. Ultrasonography and
echocardiography of the fetus are useful to evaluate and
follow the status of the fetus.

Interestingly, the imaging features of the lesion changed
significantly in the postnatal period. After the aspiration of
the tumor cyst fluid, the solid portion of the lesion became
more dominant. After birth, fat attenuation and calcifica-
tion became obvious (Fig. 3). Similar “maturation” on
imaging has been reported in an ovarian teratoma [14]. To
the best of our knowledge, this is the first report
describing the evolution of imaging features of an MT
diagnosed prenatally.

References

[1] Martino F, Avila LF, Encinas JL, et al. Teratomas of the neck and
mediastinum in children. Pediatr Surg Int 2006;22:¢627-34.

[2] Lakhoo K, Boyle M, Drake DP. Mediastinal teratomas: review of 15
pediatric cases. J Pediatr Surg 1993;28:1161-4.



€24

H. Takayasu et al.

[3] Mahour GH, Wooley MM, Trivedi SN, et al. Teratomas in infancy and
childhood: experience with 81 cases. Surgery 1974;76:309-18.

{4] Billmire DF, Grosfeld JL. Teratomas in childhood: analysis of 142
cases. J Pediatr Surg 1986;21:548-51.

[5] Froberg MK, Brown RE, Maylock J, et al. In utero development of 2
mediastinal teratoma: a second-trimester event. Prenat Diagn 1994;14:
884-7.

{6] Weinraub Z, Gembruch U, Fadisch HJ, et al. Intrauterine mcdiastinaal
teratora associated with non-immune hydrops fetalis. Prenat Diagn
1989;9:369-72.

[7] Noreen S, Heiler DS, Faye-Petersen O. Mediastinal teratoma as a rare
cause of hydrops fetalis and death: report of 3 cases. J Reprod Med
2008;53:708-10.

(8] Thambi Dorai CR, Muthu Athagi V, Chee Eng N, et al. Mediastinal
teratoma in a neonate. Pediatr Surg Int 1998;14:84-5.

110

[9] Kuroiwa M, Suzuki N, Takahashi A, et al, Life-threatening mediastinal

teratoma in a neonate. Pediatr Surg Int 2001;17:235-8.

{10] Dumbell HR, Coleman AC, Pudifin JM, et al. Prenatal ultrasono-
graphic diagnosis and successful management of mediastinal teratoma.
A case report. S Afr Med J 1990;78:481-3.

[11] Liang RI, Wang P, Chang FM, et al. Prenatal sonographic
characteristics and Doppler blood flow study in a case of a large
fetal mediastinal teratoma. Ultrasound Obstet Gynecol 1998;11:
214-8.

[12} Sydorak RM, Kelly T, Feldstein VA, et al. Prenatal resection of a fetal
pericardial teratoma. Fetal Diagn Ther 2002;17:281-5.

[13] Merchant AM, Hedrick HL, Johnson MP, et al. Management of fetal
mediastinal teratoma. J Pediatr Surg 2005;40:228-31.

{14] Ahmed S. Enlargement and maturation in benign cystic ovarian
teratoma. Pediatr Surg Int 1999;15:435-6.



Journal of Pediatric Surgery (2010) 45, 2328-2333
» journal of

Pediatric
Surgery

www.elsevier.com/locate/jpedsurg

Current status of negative treatment decision-making for
fetuses with a prenatal diagnosis of neonatal surgical

disease at a single Japanese institution

Noriaki Usui®*, Takeshi Kanagawa®, Masafumi Kamiyama?®, Gakuto Tani?,
Yukiko Kinugasa-Taniguchi®, Tadashi Kimura®, Masahiro Fukuzawa®

*Department of Pediatric Surgery, Osaka University Graduate School of Medicine, Osaka 565-0871, Japan
bDepartment of Obstetrics and Gynecology, Osaka University Graduate School of Medicine, Osaka 565-0871, Japan

Received 4 August 2010; accepted 12 August 2010

Key words:

Prenatal di . Abstract

Degata :5?.05[_5’ Background/Purpose: The termination of pregnancy because of fetal abnormalities in Japan has not
ision-making; been described. The aim of the present study was to analyze the current status and to evaluate the
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medical and ethical relevance in our institution for negative treatment decision-making for fetuses
demonstrating neonatal surgical disease with a prenatal diagnosis.

Materials and methods: The medical records of 209 fetuses with a prenatal diagnosis from 1999 to
2008 were retrospectively reviewed. The cases with a negative treatment policy were analyzed
according to the potential for survival. The negative treatment policies were defined as those in which
the pregnancy was not actively continued, including elective termination of pregnancy and palliative or
limited treatment that are primarily provided after birth.

Results: The selected treatment policies were active in 162 cases and negative in 46 cases. Thirty-three
cases with negative policies were in the second-half period of pregnancy. The potential for survival was
high in 5 cases, moderate in 11 cases, and nonviable in 30 cases. Eight of the nonviable cases underwent
either limited or palliative treatment, whereas the remaining 38 fetuses were aborted.

Conclusions: The negative treatment policies in the nonviable fetuses were considered to be medically
and ethically relevant. However, the number of cases with negative policies increased over the last
5 years and is therefore associated with complex ethical issues.

© 2010 Elsevier Inc. All rights reserved.

Congenital anomaly;
Termination of pregnancy;
Fetal palliative care

The mortality rate of neonatal surgical disease has been diagnoses, which have advanced and are now widely
in continuous decline in Japan [1], with the exception of conducted in Japan [2,3], as well as advancements in
several diseases. It is believed that the potential causes of postnatal treatment, including perioperative management.
this decline include the effects of increased rates of prenatal The prenatal diagnosis may contribute to the improvement

in outcomes by maternal transport, fetal intervention, and
perinatal management. However, these reasons may not be

* Cormresponding author. Tel.: +81 6 6879 3753; fax: +81 6 6879 3759. the only explanations for the improvement in the prognoses
E-mail address: wsui@pedsurg.med.osaka-u.ac jp (N. Usui). of neonatal surgical diseases.
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The termination of pregnancy specifically because of fetal
congenital abnormalities is not permitted in Japan. However,
in fact, such terminations of pregnancy do occur by
extending the interpretation of indications, which allows
the termination of pregnancy before 22 weeks of gestation
when the maternal health may be significantly compromised.
In recent years, Japanese pediatric surgeons have noticed a
decrease in the number of extremely severe neonatal surgical
cases. We hypothesized that this was because of the choice of
“negative treatments,” including elective termination of
pregnancy, in severe cases [4,5] that have been increasing
in Japan because of earlier prenatal diagnoses. The purpose
of the present study were to clarify the current status of
negative treatment decision-making for fetuses with prenatal
diagnoses of neonatal surgical disease in our institution, and
to evaluate the medical and ethical relevance of these cases
by an analysis of the potential for fetal survival.

1. Materials and methods

A retrospective analysis was conducted to examine the
outcomes of fetuses with neonatal surgical diseases who
underwent a prenatal diagnosis and were managed by the
Department of Obstetrics or Department of Pediatric Surgery
in our institution between January 1999 and December 2008.
After obtaining approval from the institutional review board
(no. 09274), a total of 209 medical records were reviewed.
The cases in which the main diagnosis was an anomaly of the
central nervous system, congenital heart disease, or primary
immune and nonimmune fetal hydrops were excluded from
the present series because these cases could not be assessed
and treated by pediatric surgeons. However, the cases with
fluid collections in the serosal cavities accompanied by
secondary fetal hydrops were included because these
conditions could be managed by pediatric surgeons. The
medical records were reviewed to examine the gestational
age at the time of diagnosis, chromosomal abnormalities,
associated malformations, the severity of the disease, the
final outcome, the macroscopic findings at the time of
the abortion, the anatomical findings at the autopsy, and the
treatment policy selected afier counseling the parents, with
respect to both the first and the second half of the study
periods. According to the potential for survival when active
treatment was provided, the cases were classified into the
following 3 groups: the high-potential group, in which the
potential for survival appeared to be greater than 50% even
with conventional treatments; the moderate-potential group,
which appeared to have less than 50% probability for
survival with conventional treatments but indicated a
potential for survival if fetal intervention [6] or ex utero
intrapartum treatment (EXIT) [7] was performed, or had a
high risk for physical disabilities with a reduced quality of
life; and the nonviable group, which appeared to have no
potential for long-term survival with current medical and
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surgical technology or was associated with a fatal chromo-
somal abnormality such as trisomy 13 or trisomy 18.

We counseled the parents by providing detailed explana-
tions regarding the expected prognosis and the potential for
physical or neurologic disabilities before the parents were
asked to make a decision. The selected treatment policies
were divided into active policies and negative policies. The
active policies were defined as those in which the pregnancy
was continued after the diagnosis, treatment was provided for
healthy fetuses in cases of fetal distress, and surgical
treatment was performed whenever indicated after birth.
The negative policies were defined as those in which the
pregnancy was not actively continued, including elective
termination of pregnancy, and in which the fetus was not
actively resuscitated in cases with fetal distress, and
palliative or limited treatment were primarily provided
after birth. The gestational age was expressed as the
mean + SD. A statistical analysis was performed using the
2 test for the gestational age and an analysis of variance was
performed to analyze the other factors. P values of less than
.05 were considered to be statistically significant.

2. Results

Two hundred nine fetuses with neonatal surgical diseases
were diagnosed prenatally during the study period. Thirty-
two cases were managed by obstetricians alone, 3 cases were
seen only by pediatric surgeons, and 172 cases were
managed by both types of physicians. The selected policies
were active in 162 cases and negative in 46 cases. One fetus
died in utero before a policy was selected. The fetuses
undergoing a prenatal diagnosis ranged from 15 to 30 cases
per year, and there was a tendency toward an increasing
number of negative policy cases in recent years (Fig. 1). The
total number of the cases, the distribution of the cases
according to the potential for survival, the gestational age at
diagnosis, the mortality rate in the cases with positive
policies, the termination rate in the cases with negative
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Fig. 1  The number of cases that underwent a prenatal diagnosis

of neonatal surgical disease.
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policies and the number of intrauterine fetal deaths were
statistically compared between the first- and the second-half
periods (Table 1). There were no differences in the mean
gestational age at the time of diagnosis, but the number of
cases that were diagnosed before 22 weeks of gestational age
increased in the second-half period. The number of cases
with active policies decreased, but there were no significant
changes in the gestational age at the time of diagnosis and in
the mortality rate. The number of cases with negative
policies increased to approximately 2.5 times in the second-
half period compared to the first-half period.

One bundred sixty-six cases were live births, and 5 fetuses
died in utero. Termination of pregnancy was selected in 38
cases as negative treatment policies, and the number of cases
undergoing a termination of pregnancy in the second-half
period reached approximately 3 times the number during the
first half-period. Thirty-four of 38 cases were performed in
our institution, which was equivalent to 13.1% of the cases of
termination of pregnancy performed in the same period.
Among the 43 fetuses that were not live births, consent for
autopsy was obtained in 23 cases and declined in 20 cases.
The accuracy of the prenatal diagnosis, including the
potential for survival, was pathologically verified during
the autopsy in 23 cases and macroscopically confirmed in 15
cases. The potential for survival was assessed only by a
prenatal fetal ultrasonography in 5 cases.

The cases demonstrating neonatal surgical diseases with
active policies included congenital diaphragmatic hernia (n =
23), cystic lung disease (n = 16), intestinal atresia (n = 14),
meconium peritonitis (n = 13), omphalocele (n = 11),
duodenal atresia (10), ovarian cyst (10), sacrococcygeal

teratoma (8), and others (n = 57). Among the 162 cases with
active policies, 3 fetuses died in utero and 16 fetuses died
after birth. The overall survival rate was 88.3% in this group.
The mortality rate was high, at 30%, in the cases of both
congenital diaphragmatic hernia and duodenal atresia.

The fetuses of neonatal surgical diseases with negative
policies were arranged based on the potential for survival in
Table 2. Five cases were classified in the high-potential
group, 11 cases in the moderate-potential group, and 30
cases in the nonviable group. A termination of pregnancy
was performed in all 5 cases of the high-potential group.
Although the pulmonary hypoplasia of the 2 cases of
isolated congenital diaphragmatic hernia were predicted to
be severe based on the fetal ultrasonography findings [8],
the potential for long-term survival in these cases appeared
to be relatively high [8]. A fetus with congenital cystic
adenomatoid malformation would be more likely to survive
based on the contralateral lung size [9]. The case with fetal
ascites, diagnosed as chylous ascites by fetal abdominal
centesis, did not develop a hydrops and had a higher chance
of survival [10]. In a case of giant cervical lymphangioma,
which had spread into the mediastinum, survival would still
be possible with a combined treatment using both surgery
and sclerotherapy.

Termination of pregnancy was performed in the 1! cases
of the moderate-potential group. All 4 cases of bilateral
pleural effusions that were not associated with other
malformations involved nuchal translucency, and autopsies
revealed an odd-looking face in 2 cases. The case of fetal
ascites involved skin edema and nuchal translucency,
although fatal chromosomal abnormalities and fetal viral

Table 1 Fetuses with a prenatal diagnosis of neonatal surgical diseases
First-half period (1999-2003) Second-half period (2004-2008) P
Total no. of cases 96 , 113
Gestational age at diagnosis (range) 273 £ 6.1 (11-39) 26.4 £ 7.8 (11-40) 347
diagnosed before 22 wk of gestation 18 (19%) 39 (35%) 020
Potential for survival ; ;
High 83 84
Moderate 2 9 ] 057
Nonviable 11 20
Cases with positive policy 83 (86%) 79 (70%) .004
Gestational age at diagnosis (range) 284 £ 5.5 (15-39) 30.0 = 5.9 (14-40) 063
Mortality 10 (12%) 7 (8.8%) 342
Intrauterine fetal death 1(1.2%) 2 (2.5%) 531
Cases with negative policy 13 (14%) 33 (29%) 007
Gestational age at diagnosis (range) 20.7 £6.0 (11-31) 18.0 = 4.3 (11-32) 096
Termination of pregnancy 9 (69%) 29 (88%) 133
Intrauterine fetal death 1(8%) 0 (0%) 107
Potential for survival
High 0 5
Moderate 2 .168
Nonviable 11 19

The gestational age is cxpressed as mean = SD (range). One fetus died in utero before the treatment policy was selected.



