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Abstract
Objective: To evaluate the use of ultrasound before se-
lective laser photocoagulation of communicating vessels
(SLPCV) for twin-twin transfusion syndrome in predicting
intrauterine fetal demise {IUFD). Methods: Fifty-five patients
underwent SLPCV in Japan. Fetal biometry and Doppler
studies of the umbilical artery, ductus venosus, and umbili-
cal vein were performed prior to SLPCV. The visualization
of the bladder and hydrops was recorded. Association be-
tween the parameters and lUFD was analyzed using multiple
logistic regression analysis. The study was approved by the
Institutional Review Board and patients gave their informed
consent. Results: The IUFD incidence was 25.5% (14/55) in
the donors and 12.7% (7/55) in the recipients. Twelve donors
and 4 recipients of them ended in unexplainable IUFD. In the
analysis of 53 donors, absent or reversed end-diastolic flow
of umbilical artery (UAAREDF) was only associated with IUFD
(p = 0.016). No parameters could predict IUFD in 52 recipi-
ents. Conclusions: UAAREDF may be useful for predicting
IUFD of the donor after SLPCV. '

Copyright © 2007 S. Karger AG, Basel

Introduction

Twin—-twin transfusion syndrome (TTTS) develops in
approximately 10% of monochorionic twin pregnancies
and is associated with high mortality rates [1, 2]. The an-
atomical basis for this syndrome may be the existence of
intertwin placental vascular anastomoses {3, 4]. The es-
tablishment of unbalanced blood flow from the donor
twin to the recipient twin through the communicating
vessels can result in profound hemodynamic disturbanc-
es in each twin. Consequently, the donor twin becomes
hypovolemic, leading to oligohydramnios, whereas the
recipient twin becomes hypervolemic and develops poly-
hydramnios and hydrops.

Recently, several favorable outcomes have been report-
ed in which fetoscopiclaser photocoagulation of placental
communicating vessels has been used for treating TTTS
[5-8]. The fetal survival rates were significantly higher in
patients subjected to laser treatment than in those treated
by serial amniodrainage. Furthermore, the incidences of
abnormal neonatal brain scans were also lower in the
group treated by selective laser photocoagulation of com-
municating vessels (SLPCV). Nonetheless, intrauterine
fetal demise (IUFD) after laser surgery did occur in at
least 23.2% of the fetuses {7-10]. Preoperative ultrasound
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assessment was performed and these parameters were be-
lieved to reflect the condition of each fetus immediately
prior to surgery; this condition may occasionally be re-
lated to the outcome of surgery. The aim of this study
was to evaluate the use of ultrasound assessment prior to
SLPCYV for TTTS in predicting IUFD after surgery.

Methods

Fifty-five Japanese women were diagnosed with TTTS and un-
derwent SLPCV between July 2002 and February 2005. The four
Japanese institutions that participated in the Japan Fetoscopy
Group are as follows: Seirei Hamamatsu General Hospital, Na-
tional Center for Child Health and Development, Yamaguchi
University Hospital, and Niigata University Graduate School of
Medical and Dental Sciences. TTTS was diagnosed on the basis
of standard diagnostic criteria: presence of a polyhydramnios am-
niotic pocket >8 cm in the recipient twin, oligohydramnios am-
niotic pocket <2 cm in the donor twin, single placenta, thin divid-
ing membrane, and similar external genitalia. All patients met the
following criteria for SLPCV: (1) the gestational age was less than
26 weeks (median: 21; range: 16.25) and (2) on the basis of the
Quintero staging system, they were in either stage II, III, or IV;
stage I1, 6 cases; stage I1I, 37 cases; and stage IV, 12 cases [11]. The
surgical procedure of SLPCV was performed by a previously re-
ported method [12, 13]. Patients gave their written consent after
intensive counseling, and the study was approved by the ethical
committee of each institution.

Routine preoperative ultrasound assessment was performed
including fetal biometry and estimation of the amniotic fluid vol-
ume, placental location, and umbilical cord insertion. This was
followed by color and pulsed Doppler examination within 24 h
prior to the surgery. The presence or absence of the fetal bladder
in donors was assessed sonographically and the presence or ab-
sence of fetal hydropic signs such as ascites, pleural effusions, and

-skin edema in recipients was documented. The discordant rate
(DR) of the estimated fetal weight was calculated as (A-B/A)-100,
where A is the estimated fetal weight of the larger twin and B is
that of the smaller twin. Doppler samplings were performed using
a 3.5-MHz or 5-MHz curved array transducer with spatial peak
temporal average intensities of less than 100 mW/cm?. The high-
pass filter was set at the lowest level. In the Doppler studies, the
occurrence of absent or reversed end diastolic blood flow velocity
in the umbilical artery (UAAREDF), absent or reversed blood
flow during atrial contraction in the ductus venosus (DVAREF),
and pulsatile umbilical venous flow (PUVF) was regarded as crit-
ically abnormal. Flow velocity waveforms were recorded during
the absence of fetal breathing and/or movements. Umbilical arte-
rial and venous waveforms were recorded from a free loop of the
umbilical cord or at the placental cord insertion site. The sample
volume for the ductus venosus (DV) was determined from its in-
let portion at the umbilical vein (UV).

The study outcome was IUFD after SLPCV. The interval from
the procedure to the occurrence of IUFD was noted. If there was
an obvious explanation for IUFD such as miscarriage following
preterm PROM and umbilical cord entanglement, it was de-
scribed and excluded in the statistical analysis.
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Multiple logistic regression analysis was used to analyze the
following ultrasound factors in relation to ITUFD after SLPCV: the
absence of bladder filling, UAAREDF, DVARF, PUVF, and DR in
the donor twins and the occurrence of hydrops fetalis, UAAREDF,
DVARF, PUVF, and DR in the recipient twins. Data management
and statistical computations were performed with the SPSSv 12.0
(Chicago, Il1., USA) software. The p value for this analysis was set
at <0.05.

Results

Sonographic measurements were obtained and com-
plete surgical procedures were performed in all 55 cases.
All the patients had already delivered, and the median
gestational age at the time of delivery was 31 (range:
21.38) weeks. Recurrence of polyhydramnios after sur-
gery was not observed, and elective abortion after SLP-
CV was not selected in these cases. Of the 55 pregnancies,
both fetuses survived to live-birth in 39 (70.9%), only one
fetus survived in 12 (21.8%), and both fetuses died in
utero in 4 (7.3%). In one of these 4 cases, the reason for
both IUFD could not be explained. Hence, the rate of at
least one fetus surviving to live-birth was 92.7%
(52/55).

TUFD of the donor twin occurred in 25.5% (14/55) of
the patients; the data are shown in table 1. One donor fe-
tus died due to umbilical cord entanglement following
iatrogenic perforation of the dividing membrane between
twins by laser coagulation. The miscarriage of another
donor fetus occurred due to premature rupture of the
membrane immediately after the surgery. With the ex-
ception of these 2 cases, there was no explanation for the
cause of IUFD in 12 cases. IUFD in 11 of these 12 donors
occurred within 3 days of SLPCV. Preoperative sono-
gram confirmed the absence of bladder filling in 58.3%
(7/12) of the donors with IUFD, while it was 85.3% (35/41)
in the case of live-birth donors. UAAREDF was noted in
91.7% (11/12) of the donors in the IUFD group and in
29.3% (12/41) of those in the live-birth group. DVARF
and PUVF were detected in 25.0% (3/12) and 8.3% (1/12)
of the donors in the IUFD group and in 0.0% (0/41) and
4.9% (2/41) of those in the live-birth group, respectively.
The median (range) of DR in the IUFD group was 39.9%
(14.8-49.7), while it was 34.4% (0.0-60.9) in the live-birth
group. Multivariate analysis in terms of the above-men-
tioned ultrasound factors related to donor twins, using
multiple logistic regression analysis, showed a significant
correlation between UAAREDF and IUFD in donor
twins (p = 0.016; odds ratio = 18.9; 95% confidence inter-
val = 1.8-204.9) (table 2).
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Table 1. Data of cases with IUFD of donor twins

No. Stage GA Bladder UAAREDF DVARF UVPF DR, % Day of TUFD
1 IMTa 24 visible yes no no 14.8 1
2 IIa 24 visible yes no no 45.3 1
3 I 19 invisible yes no no 40.9 1
4 IIla 20 visible yes no yes 333 3
5 v 23 invisible yes yes no 43.9 1
6 Ila 19 visible yes no no 40.0 1
7 11 19 invisible yes no no 23.9 1
8 I 24 invisible yes no no 334 1
9 11 19 invisible yes yes no 49.4 12

10 v 17 invisible yes no no 49.7 2

11 I 25 invisible no no no 39.8 1

12 IITa 23 visible yes yes no 333 1

13 v 20 invisible no no no 21.2 26*

14 11 21 invisible no no yes 35.8 0°

* IUFD due to umbilical cord entanglement following perforation of the dividing membrane by laser.

b Miscarriage due to premature rupture of the membrane immediately after surgery.
. Day of IUFD = Interval from surgery to IUFD; DR = fetal weight discordant rate; DVARF = absent or re-
versed blood flow during atrial contraction in the ductus venosus; GA = gestational age at procedure; ITIa =
stage 11 atypical; Stage = Quintero classification for twin-twin transfusion syndrome; UAAREDF = absent or
reversed end diastolic flow in the umbilical artery; UVPF = umbilical venous pulsatile flow.

Table 2. Multiple logistic regression

analysis of [UFD after surgery on IUFD (n =12) Live-birth (n = 41)

D vamcters i buormal ultrasound Absence of bladder 7 (58.5%) 35 (85.3%) NS
UAAREDF 11 (91.7%) 12 (29.3%) p =0.016*
DVARF 3(25.0%) 0 (0.0%) NS
UVPF 1(8.3%) 2 (4.9%) NS
DR, % median [range] 39.9 [14.8-49.7] 34.4 [0.0-60.9] NS

* Odds ratio = 18.9; 95% CI = 1.75-204.9.

DR = Fetal weight discordant rate; DVARF = absent or reversed blood flow during
atrial contraction in the ductus venosus; NS = not significant; UAAREDE = absent or
reversed end diastolic flow in the umbilical artery; UVPF = umbilical venous pulsatile

flow.

In recipient twins, 7 of 55 fetuses (12.7%) resulted in
IUFD after SLPCV (table 3). Two recipient twins died due
to umbilical cord entanglement following iatrogenic per-
foration of the dividing membrane and 1 ended in mis-
carriage caused by premature rupture of the membrane
immediately after surgery. Unexplained IUFD occurred
in another 4 fetuses within 2 days of the surgery. In these
4 recipient twins with IUFD, hydrops fetalis was noted in
3 (75.0%), while it was observed in 9 of the 48 surviving

IUFD after SLPCV
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recipient twins (18.8%). UAAREDF was noted in 0.0%
(0/14) of the patients in the IUFD group and in 2.1%
(1/48) of those in the surviving group. DVARF and PUVF
were observed in 50.0% (2/4) and 50.0% (2/4) of the re-
cipients with IUFD and in 33.3% (16/48) and 60.4%
(29/48) of the patients in the live-birth group, respective-
ly. The median (range) of DR in the IUFD group was
33.4% (33.3-40.1), while that of the surviving group was
36.6% (0.0-60.9). Multiple logistic regression analysis of
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Table 3. Data on cases with IUFD of recipient twins

No. Stage GA  Hydrops UAAREDF DVARF- UVPF DR, % Day of IUFD
1 v 25 yes no yes yes 40.1 1

2 v 21 yes no yes yes 39.8 2

3 1Ila 23 no no no no 333 1

4 v 20 yes no no no 21.2 2

5 11 25 no no Yes yes 36.0 27

6 m 19 no no no yes 40.9 582

7 m 21 no no no yes 35.8 o°

2 TUFD due to umbilical cord entanglement following perforation of the dividing membrane.

b Miscarriage due to premature rupture of the membrane immediately after surgery.

Day of IUFD = Interval from surgery to IUFD; DR = fetal weight discordant rate; DVARF = absent or re-
versed blood flow during atrial contraction in the ductus venosus; GA = gestational age at procedure; Illa =
stage IT1 atypical; Stage = Quintero classification for twin-twin transfusion syndrome; UAAREDF = absent or
reversed end diastolic flow in the umbilical artery; UVPF = umbilical venous pulsatile flow.

Table 4. Multiple logistic regression

analysis of TUFD after surgery on IUFD (n=4) Live-birth (n = 48)
reoperative abnormal ultrasound
garafneters in recipient twins Hydrops fetalis 3 (75.0%) 9 (18.8%) NS
UAAREDF 0(0.0%) 1(2.1%) NS
DVARF 2 (50.0%) 16 (33.3%) NS
UVPF 2 (50.0%) 29 (60.4%) NS
DR, % median [range] 33.4 [33.3-40.1] 36.6 [0.0-60.9] NS

DR = Fetal weight discordant rate; DVARF = absent or reversed blood flow during
atrial contraction in the ductus venosus; NS = not significant; UAAREDF = absent or
reversed end diastolic flow in the umbilical artery; UVPF = umbilical venous pulsatile

flow.

the above factors related to recipient twins revealed no
significant association of IUFD in the case of recipient
twins (table 4).

Discussion

SLPCV has resulted in a favorable perinatal outcome
in patients with TTTS, when all fetuses could not have
been rescued. At present, there exists a possibility that af-
fected fetuses undergoing SLPCV may die in utero. In
reports on the outcomes of laser surgery for TTTS, the
frequency of IUFD in donors was higher in the case of
recipient twins [5-10]. Our data, in which 22.6% of the
53 donors and 8.3% of the 52 recipients ended in unex-
plainable fetal demise, appear to agree with these find-
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ings. In particular, the incidence of unexplained IUFD in
donors was higher than in recipients (Fisher’s exact prob-
ability test, p = 0.030); severe placental insufficiency of
the donor twins due to unequal placental sharing might
be related to fetal death [9, 10, 14]. Unexplained double
fetal demise occurred in only one case. Fourteen surviv-
ing co-twins after single fetal death resulted in live-birth
though their neurological condition had not been ana-
lyzed in this study. These results may imply the extent of
the ability of laser surgery in IUFD at this stage, while
laser surgery has a protective effect to the death of co-
twin after one fetal death has occurred. It is noteworthy
that unexplained IUFD occurred in 10 of the 11 donor
twins (90.9%) and in all 4 recipient twins (100.0%) with-
in a few days of the surgery. This might be due to the ef-
fect of surgery, as inferred before [10]. Obliteration of the
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placental vascular anastomoses was confirmed by air in-
jection test in these cases except for the cases with fetal
demise whose placenta could not be evaluated because of
massive placental infarction.

Detailed analyses by ultrasound, including ordinary
Doppler examinations for each fetus with TTTS, should
be performed prior to laser surgery. Multiple regression
analysis on preoperative sonographic parameters for do-
nor twins revealed a significant correlation between
UAAREDF and IUFD after SLPCV. UAAREDF was de-
tected in 23 of the 53 donors prior to surgery (43.4%), and
11 of the 23 (47.8%) resulted in TUFD. This abnormal
finding may be considered to be the result of maldevelop-
ment of the placenta and/or uneven placental distribu-
tion between each twin. UAAREDF in donors has been
regarded as an important prognostic factor for IUFD in
cases treated with laser surgery. Ville et al. [5] described
UAAREDF as a risk factor for perinatal death of donors
after laser surgery in 132 cases treated by laser. Zikulnig
et al. [9] reported a lower survival rate of donors with
UAAREDF in 121 cases treated by laser surgery without
significant difference among these cases. While both
studies included the neonatal outcome, Martinez et al.
(10] reported that UAAREDF prior to surgery could pre-
dict IUFD of donor twins.

In contrast, live-birth after SLPCV occurred in 12 of
the 23 donors (52.2%) who had UA AREDF preoperative-
ly, although postoperative Doppler data could not be ob-
tained in this analysis. Even if donor twins show absent
or reversed flow in the UA prior to surgery, it is possible
that half of them could survive after surgery. UAAREDF
of the donors appears to reflect not only the placental in-
sufficiency, but also the fetal hypotension secondary to
hemodynamic imbalance. Previous studies have shown
that some of the donors with AREDF preoperatively
showed reappearance of end-diastolic flow and a decrease
in the Pulsatility Index values in the UA after the proce-
dure. This phenomenon could be due to a change in the
hemodynamic situation and an increase in the blood vol-
ume [9, 10]. This explanation is indirectly supported by
the increase in the umbilical venous blood flow volume
in donors after laser surgery [15, 16]. DVARF and UVPF,
as abnormal venous Doppler, have been regarded to be
signs of deterioration of fetal oxygenation in intrauterine
growth restricted fetuses [17]. Donor twin could have an
aspect as intrauterine growth restricted fetuses, but these
parameters were not associated with the IUFD of donors
in this study. Further, the incidence of these findings in
the veins of donors was much less than that of UAAREDV.
However, it was notable that all 3 donors with DVARF

IUFD after SLPCV
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ended in fetal demise; this suggests that DVARF mightbe
an indicator of IUFD.

With regard to recipient twins, this analysis showed
that there was no association between the preoperative
ultrasound parameters and IUFD following SLPCV.
These results were consistent with those in a previous
study (10]. UAAREDF, which was an important factor in
donors, was noted in only one recipient and this fetus was
born alive. Many of the recipient twins had abnormal ve-
nous velocities before SLPCV, where DVARF and UVPF
were observed in 34.6 and 59.6% of the 52 fetuses, respec-
tively. However, neither of these was correlated with
IUED. Of the 52 recipients, 12 (23.1%) showed hydropic
symptoms prior to surgery. Three of the 4 recipients with
IUFD had shown a few hydropic signs, while 9 hydropic
recipients resulted in live-birth.

In comparison with other treatment options, laser sur-
gery for TTTS has resulted in a much better perinatal
outcome. In this situation, we anticipate a problem that
needs to be overcome: how could the rate of IUFD be de-
creased after SLPCV? As mentioned above, UAAREDF
in donors, as the preoperative prognostic factor for IUFD,
may reflect both the placental insufficiency and fetal hy-
potension. If intraoperative transfusion between twins
via placental vascular anastomoses could impact the
blood volume of each twin, as suggested by Martinez et
al. [10], laser coagulation of arteriovenous anastomoses
from the donor to the recipient prior to arteriovenous
anastomoses from the recipient to the donor should be
adopted for cases with UAAREDF in donors. This may
prevent not only the postoperative severe fetal anemia but
also IUFD in donors. However, further evaluation of the
pre and postoperative fetal hemodynamic status is re-
quired for understanding the impact of intraoperative
blood transfusion between twins on their prognosis.
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Prenatal rupture of right ventricular diverticulum: a case
‘report and review of the literature -
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KEY WORDs: ventricular diverticulum; fetoscopic laser photocoagulation; pericardial effusion

INTRODUCTION

Congenital cardiac diverticulum is a rare abnormality
that may occur as an isolated malformation. Few cases
diagnosed in fetal life have been reported. We report a
case of right ventricular diverticulum below the tricuspid
valve leading to intrauterine fetal death. This is the
first report of cardiac diverticulum after fetoscopic
laser photocoagulation of the chorioangiopagus for the
treatment of twin—twin transfusion syndrome (TTTS).

CASE REPORT

A 25-year-old healthy nulliparous woman had a natu-
ral pregnancy of monochorionic diamniotic twins. She
was referred owing to remarkable difference in amniotic
fluid volume between the fetuses at 19 weeks of gesta-
tion. She was diagnosed on the third stage of Quintero’s
classification for TTTS, because stuck-twin phenomenon
and absence of end-diastolic flow in the umbilical artery
of the donor were found. There were no abnormal
echocardiographic findings in the recipient fetus. She
underwent selective fetoscopic laser photocoagulation of
the 13 communicating vessels for the treatment of TTTS
at 20 weeks of gestation. The donor fetus died one day
after operation. In the recipient fetus, a high echogenic
focus on the right ventricle and mild pericardial effusion
were depicted at 21 weeks of gestation (Figure 1(a)).
Further, ultrasound imaging at 24 weeks of gestation
demonstrated an area of myocardial discontinuity just
below the tricuspid valve, leading to a thin-walled sac-
cular dilatation (7 mm x 10 mm) contained within the
pericardial space (Figure 1(b)). Color-flow mapping and
pulsed-wave Doppler imaging showed bidirectional flow
into and from this structure, compatible with a cardiac
ventricular diverticulum (Figure 1(c)). No other struc-
tural abnormalities were identified. There was no evi-
dence of maternal or fetal infection. The woman was
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hospitalized at 25 weeks of gestation. Low-degree peri-
cardial effusion in the fetus was still detected but no
further increase was observed. The cardiac function fol-
lowed a normal course. However, intrauterine fetal death
occurred at 29 weeks of gestation. The cause of fetal
death was unknown because postmortem examination
was declined. However, expansion of the heart and
remarkable increase in pericardial effusion were depicted
on ultrasonography, suggesting a rupture of the ventric-
ular diverticulum (Figure 1(d)).

A cardiac ventricular diverticulum is a localized pro-
trusion of the wall of the cardiac ventricle with a
narrow connection to the ventricle. In contrast, a car-
diac aneurysm has a wide connection to the ventricle
(Hamaoka et al., 1987). The pathogenesis of ventricular
diverticulum remains unknown. It is generally recog-
nized that the wall of a diverticulum contains the three .
layers of a normal cardiac wall (peri-, myo-, and endo-
cardium) whereas the myocardium of a true aneurysm
is intermingled with fibrous tissue (Carles et al., 1995).
However, the two terms are often used interchange-
ably in the literature. In the present case, a diagnosis of
diverticulum was made because jet flow was observed
indicating a narrow connection to the ventricle.

DISCUSSION

The etiologies of cardiac diverticula and aneurysms in
fetal life are poorly understood. They may occur as a
result of focal weakening of the ventricular wall due
to an interruption during embryogenesis, infection, or
localized ischemia of the ventricular wall due to stenosis,
hypoplasia or intimal proliferation of the coronary arter-
ies (Carles et al., 1995; Cavalle-Garrido et al., 1997)
McAuliffe et al. reported two cases in which the diver-
ticula were detected in the first trimester, suggesting that
these defects may occur early in pregnancy or even dur-
ing embryogenesis (McAuliffe ez al., 2005).

It is interesting that this case was discovered afier the
demise of one twin following fetoscopic laser photoco-
agulation for the treatment of TTTS. Despite successful
laser therapy, there is still a potential for neurologi-
cal pathology in the twins, particularly if one subse-
quently demises, likely as a consequence of persistent
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Figure 1—(a) Cardiac ultrasound imaging at 21 weeks of gestation. A high-echogenic focus (arrow) on the right ventricle (RV) and mild
pericardial effusion (E) are depicted. LA: left atrium; LV: left ventricle, D: diverticulum, (b) Cardiac ultrasound imaging at 24 weeks of gestation.
A thin-walled saccular dilatation (arrow) is identified just below the tricuspid valve. RV: right ventricle; LV: left ventricle; RA: right atrium; E:
pericardial effusion; D: diverticulum, (c) Pulsed-wave Doppler imaging at 24 weeks of gestation. Bidirectional flow into and from the cardiac
diverticulum is shown. RA: right atrium; RV: right ventricle; D: diverticulum; (d) Cardiac ultrasound imaging just after fetal death. Expansion
of the heart and a remarkable increase in pericardial effusion (E) are depicted. RV: right ventricle; LV: left ventricle

vascular connections between the twins (Marton et al.,
2002). Marton et al. reported a case with left chamber
myocardial infarction of the heart in the recipient twin
in TTTS (Marton et al., 2002). High-echogenic focus in
the myocardium of the recipient twin has been described
and is thought to perhaps reflect an area of infarction
or at least ischemia. Tennstedt ef al. reported that the
echogenic, intramyocardial focus described at the pre-
natal sonographic examination appeared histologically
as coarse, focal calcifications surrounded by fibrotic tis-
sue (Tennstedt ef al., 2000). Abnormal development of
the microvasculature, involving terminal branches of the
coronary artery leading to early ischemic changes in
the papillary muscle, has been suggested as the etiol-
ogy in some cases (Tennstedt et al., 2000). Therefore,

*Copyright © 2007 John Wiley & Sons, Ltd.
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it is suggested that this ventricular diverticulum may be
a consequence of myocardial ischemia caused by TTTS
or fetoscopic laser photocoagulation. Accumulation of
the reported cases would answer the question why this
might have happened in the present set of twins and not
in others.

Our search of the literature identified 34 reported cases
of congenital ventricular diverticulum or aneurysm diag-
nosed during the prenatal period (Carles ef al., 1995;
Cavalle-Garrido et al., 1997; Bernasconi et al., 2004;
McAuliffe et al., 2005; Prefumo et al., 2005; Gardiner
et al., 2005; Del Rio ef al., 2005). Table 1 summarizes
35 cases including the present case. The ventricular
diverticulum or aneurysm was found at the right ven-
tricle in 14 cases and at the left ventricle in 21 cases.

Prenat Diagn 2007, 27: 1154-1157.
DOI: 10.1002/pd
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Table 1—Summary of clinical variables in 35 cases (including the present case) of cardiac diverticulum or aneurysm reported in
the literature
Case GA at Reason for
No. Diag-nosis diagnosis Location referral Outcome Reference.
1 A 32 Apex/LV Arrhythmia Asymptomatic up to 2Y Gembruch 1990
2 D 33 - Apex/LV M Alive Kitchiner1990
3 A 33 Lateral walVlLV ND Surgical resection Jacobson1991
4 D 31 Below TV Abnormal 4CV  Asymptomatic up to 1Y Hornberger1994
5 A 28 Apex/LV Arrhythmia Asymptomatic up to 4M Hornberger1994
6 A 25 Apex/LV Arrhythmia Asymptomatic up to 10M Homberger1994
7 D 13 Apex/LV PE, arthythmia  TOP at 14W Carles1995
8 A 19 Apex/LV Hydrops Hydrops, TOP at 19W Sepulvedal996
9 A 24 Apex/LV PE Hydrops, IUFD at 31W Sherman1996
10 D 19 Apex/RV PE Asymptomatic up to 16M Johnson1996
11 D 17 Apex/LV PE TOP at 22W Cesko1998
12 D 36 Below TV cM Asymptomatic up to 18M Cavalle-Garrido1997
13 A 21 Apex/LV Abnormal 4CV  Asymptomatic up to 24M Cavalle—Garrido1997
14 A 18 Apex/LV Abnormal 4CV  Mild LVH, alive Cavalle-Garrido1997
15 D 19 Apex/RV PE Asymptomatic up to 12M Cavalle—Garrido1997
16 A 19 Below MV Abnormal 4CV  IUFD (MR, hydrops) at 31W Cavalle—Garrido1997
17 D 20 Apex/RV PE Asymptomatic up to 22M Cavalle—Garrido1997
18 D 20 Below MV PE IUFD at 26W Cavalle—Garrido1997
19 A 26 Apex/LV PE, CM (MR+) IUFD at 33W Matias1999
20 A 21 Apex/LV CM (MR +) Neonatal death Matias1999
21 A 22 Lateral wal/LV CM TOP at 23W. Matias1999
22 A 25 Apex/LV Abnormal 4CV  Asymptomatic up to 12M Pipitone2002
23 A 21 Below TV Abnormal 4CV  Asymptomatic up to 6M Pipitone2002
24 D 32 Apex/LV ND Asymptomatic up to 6M Brachlow2002
25 A 24 Apex/RV PE Well going at 30W McCaffrey 2002
26 A 29 Apex/LV PE ND Sharma2002
27 D 24 Below MV PE IUFD (rupture) at 24W Bernasconi2004
28 D 13 Apex/RV PE Term delivery McAuliffe2005
29 D 16 Apex/RV PE Term delivery McAuliffe2005
30 D 14 Apex/RV PE Asymptomatic up to 22M Prefumo2005
31 D 12 Apex/LV PE Asymptomatic up to 17M Prefumo2005
32 D 14 Apex/RV PE, CM TOP Gardiner2005
33 D 14 Apex/RV PE, CM Term delivery Gardiner2005
34 D 13 Apex/RV PE Term delivery, surgical correction Del Rio2005
35 D 24 Below TV HEF, PE IUFD (rupture) at 29W This report

GA: gestational age; A: aneurysm; D: diverticulum; RV: right ventricle; LV: left ventricle; TV: tricuspid valve; MV: mitral valve; CM:
cardiomegaly; ND: not documented; 4CV: 4 chamber view; PE: pericardial effusion; MR: mitral regurgitation,; HEF: high-echogenic focus;
TOP: termination of pregnancy; TUFD: intrauterine fetal death; Y: years after birth; M: months after birth; W: gestational age in weeks.

In another aspect, the ventricular diverticulum/aneurysm
was located at the apex in 26 cases, below the atrioven-
tricular valve in 7 cases, and on the lateral free wall in 2
cases. The outcomes of 30 cases were documented well
in these reports. Among them, 5 cases ended in termina-
tion of pregnancy. Intrauterine fetal death or early neona-
tal death occurred in 7 of the remaining 25 cases. When
examined by location of the diverticulum or aneurysm, 4
of 7 subvalvular cases and 3 of 18 apical cases resulted
in fetal or neonatal death. Ventricular diverticula located
below the atrioventricular valves had significantly poorer
prognosis compared with those at the apex ( 2 test,
p <0.05). This poor prognosis could be explained by
the observation that they were often accompanied with
a thin fibrous wall and/or regurgitation of valves.

Most cases of ventricular diverticulum have been
diagnosed prenatally by ultrasound examination for
other cardiac complications such as pericardial effusion,
-arrhythmia, cardiomegaly, or abnormal 4 chamber view
(Table 1). Since the concept of the disease is not

Copyright © 2007 John Wiley & Sons, Ltd.
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well known, many asymptomatic cases of ventricular
diverticulum are probably not diagnosed and hence
not reported. Further case reports are necessary to
predict prenatal and postnatal outcome, which will allow
efficient parental counseling.
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A 34-year-old woman, gravida 2, para 2, was admit-
ted to our hospital following the diagnosis of twin—twin
transfusion syndrome (TTTS) at 22 weeks of gestation.
Ultrasonography was performed, revealing normal gross
anatomy in the recipient twin. Estimated fetal weight
(EFW) was 528 g, and maximum vertical pocket (MVP)
of the amniotic fluid measured 9.3 cm. Doppler stud-
ies for the umbilical artery, umbilical vein, and ductus
venosus yielded normal results. The donor twin also
displayed normal gross anatomy, with a visible small
bladder and an EFW of 400 g. No measurable pocket
of amniotic fluid was noted. Doppler ultrasonography
yielded normal results in the donor twin. The patient
was diagnosed with Quintero stage I TTTS (Quintero
et al., 1999) with posterior placenta. Peak systolic veloc-
ity in the middle cerebral artery peak systolic doppler
velocimetry (MCA-PSV) was 0.90 multiples of median
(MoM) in the recipient twin and 0.88 MoM in the donor
twin, respectively (Mari et al., 2000). Fetoscopic laser
photocoagulation (FLP) was performed at 22 + 5 weeks
of gestation under epidural anesthesia. The patient pro-
vided written informed consent and the Institutional
Review Board at the institute approved all study pro-
tocols. Eleven placental vascular anastomoses including
‘an arterioarterial (AA) anastomosis and a venovenous
(VV) anastomosis were identified and coagulated in
the same way described as sequential selective laser
photocoagulation of communicating vessels (SQLPCV)
(Quintero et al., 2007). While MVP of each twin nor-
malized within 3 days, MCA-PSV of the recipient twin
increased to 1.84 MoM by 3 days after FLP and con-
tinued to remain at high levels from at least 1.80 MoM
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up to 2.37 MoM. Conversely, MCA-PSV of the donor
generally continued to be flat at 0.94—1.16 MoM.

Percutaneous umbilical blood sampling for the recip-
ient twin 42 days after FLP indicated that hemoglobin
(Hb) level was 7.2 g/dL and hematocrit (Ht) was 22.4%.
MCA-PSV of the recipient twin decreased to <1.5 MoM
just after subsequent intrauterine red blood-cell transfu-
sion. The twins were delivered by emergent cesarean
section because of fetal bradycardia due to abruptio
placenta at 33 weeks of gestation. The recipient twin
weighed 1440 g and Apgar scores were 9/9. No hypo-
volemic shock developed, although she was managed
in the NICU for the prematurity. Meanwhile, the donor
twin weighed 1380 g and died due to severe asphyxia.
Hb values of the recipient and donor were 10.2 and
14.9 g/dL. and Ht were 31.4 and 47.2% in umbilical
venous blood at birth, respectively. Reticulocyte counts
were 6.8% in the recipient and 3.8% in the donor.
Placental vascular casting by allowing dissolution of
placental tissue with retention of the vasculature (Wee
et al., 2005) as well as macroscopic investigation of the
placental surface revealed complete obliteration of pla-
cental vascular anastomoses (Figure 1). No neurological
complications in the recipient twin had been recognized
as of 1 year after birth.

Twin anemia—polycythemia sequence (TAPS), char-
acterized by an isolated marked discordance in Hb levels
without marked amniotic fluid discordance, has been
described as a late complication subsequent to laser
surgery and was thought to be associated with patent
small arteriovenous anastormoses (Robyr ef al., 2006;
Lopriore et al., 2007). The frequency of TAPS as a
complication after laser surgery was 13% according
to a previous study. The pathophysiology in this case
appears to differ from a type of TAPS, as the donor
twin was not polycythemic and patent placental vas-
cular anastomosis was undetected by vascular casting.
Laser therapy is defined as SQLPCYV, if all arteriovenous
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Figure 1—No patent placental vascular anastomosis was detectable
according to placental vascular casting. Green, artery of donor twin;
red, vein of the donor twin; blue, artery of the recipient twin; yellow,
vein of the recipient twin :

anastomoses from donor to recipient (AVDR) are coag-
ulated in sequence prior to arteriovenous anastomoses
from recipient to donor (AVRD), followed by obliter-
ation of AA or VV (Quintero ef al., 2007). The aim
of SQLPCV is principally to prevent the donor from
hypotension and decrease the likelihood of TUFD of the
donor. However, SQLPCV could be associated with an
intraoperative transfusion from recipient to donor in the-
ory. It remains possible that the recipient twin might
conceivably lose blood volume during laser therapy and
thus develop recipient anemia in this case.

In conclusion, this pathological condition with iso-
lated fetal anemia in one twin, in addition to TAPS,
should be considered as a clinical entity of fetal anemia
when MCA-PSYV is increased especially after SQLPCV.
Further research is required to determine the incidence
and discuss the etiology.
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FLPH DR REFR L ERRE S R5IORT. 16
REFH (1RET) oFkit, 2BREFFHOTFHRIC
BorLb406%wv. FLPRIBRC L 2o ThY4Mm
EVERSNhTVw20T, REPSER~OSHEMmMA
BIRIECOSTEB LLVWEEZIONE, 2B REE
FITHEZRRENSCLE L, I3 BRBIoHE
ZolBITHo7:. RBARBTHEL Zotflosic
i, TTTSOBER (KVWYAmERE) % anemia/
polycythemia sequence (V&M E#E) % & OfF
ot
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#2 FROFLPEFHRL Bk L DL

Eurofoetus Japan FG
EFIEK 728 16841
stagel - IV 66% 76%
0BER 24% 12%
1RE%HF 40% 29%
2IRERF 36% 59%
Pl 1RESE 6% 88%
REHFE 57% 3%
TLEER 12% 3%
AR i 33w 33w
wERARER 12w 12w
R eRE 7% 4%

¥4 TTTS Dstage 58 & FLP D5 HEE

stage I stagell stagell stagelV
FEFE 1289 28841 10361 2541
0B&EF 0% 14% 13% 16%
11847 33% 7% 33% 32%
21R&HF 67 % 79% 54 % 52 %
Pl b1 REF 100% 86 % 87% 84%
BEFR 83% 82% 71% 64 %
PER 0% 7% 2% 4%
PR 0% 2% 5% 3%
FLPOSBORE

Eurofoetus® O8EIZ L h 268K HDESLE L TTTS
X L TRFLP BRI L EHRETH B I LR ER,
ERICBILBEZ TOHEBREED ZHICEHES L <
BEBTHLDTHS. BB LAFLPOREILE L EHZ
W23 TTTS ST 2 B#EE, RFITBVTHFLP
PE—BRE L > TV I L CEHOLBIR W, 4
BOBEEL LTI TTFLPOEHELNS S 5. TTTS%
BEHICBITL, FLP2E2ICEIFTA I L HTE 544
TN THL. TITTSOEHZEO-012id, MDR
TIRERXTITSEECEEL THREBT 3 LHE
ETHDH. —I8 (HMIB) 3EKEL (BAEKEE
2emPATF) TEEHIVNEL, 58 (FMmB) ¥
KBE (BEKFKEESecmIE) TERESAAZVEWL
IRBEERRICESTTTS OB AN — B EHE
KRR SNAZLVEETHS. BE, LT5MBRT
Japan Fetoscopy Group % 2< V, &S, EEEF, 7
+0—7y T EOBENPBET LX) 125858,
EFIEEE - RE, IR EFELTIT>Twa, TTIST
REARENSHEDHENBVOT, FLPHERED
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FHIC D Tid, £FEPPVL - BAMMLZ Lo EH
HF&DLLOT, RN ZBHEBHRETFRIEE
Thh, SEIRUFEEREZBITL TVE LV LE
ATW3,
ROBBIIFLP ORI A TH 5. TTISODHiiHE
BRE-E2VHATTTSIGEVHIER2EL, FEFARY
MDREVHFET H. B, FLPORIG % TTTSICBE
LTwa2, FLPORKBEFBRFCHILBAMEN
318w, ThosDFHARL TTTS BEKB~OHIE
k~offei k& v, MDEBORER, BROEY
£, BARBAR, BHAERREL LCELORTH

BE5ELTWwWAREELILNLTVAS. FLPIIH T THE.

VAME:BEEHTI20ATHY, BBOEWSH
FRELDIHMBLABRTE 2V, FATITSHHEES
DHRICRFHEAREVAZVAGLHY, BREOFM
BAHTHS, LidoCHIBHXICREEICET L
ThiZzokv. FRI9EEELEGBIEHAREH
& - BIRABEERNZ [REORBICETRIBSERE
EOBRKICHCET 2] (FEWEE (£8) 8
WTHBEREHEICKHEKLTHERETD ba—- Lk
BL, BRRARELTTICEEZHEL TS,
by
FLPEBBEOREFERITL, I-AEERELL
%<, EE26:BRMOELE TTTSIC# L CFLP i3 &%
LEMETDH S, FLPIC I > TTTTSOBEMTF &L
gEEH, OVTIRMDIKOTFEOE RIS L
5. LPL, EEBERESHELLBEIINTZY RS
25y, FLPHfTICH > TREELNTHRLETH
5. SBLFLPHEIINEML, MDIUBERICBITS
TITSOEELGHEL LToEEHEo T LEL
L%, FLPREDEYPFEOBIT L TTTSERER
DBILDIERYBSEDRETH 5.
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TTTS

FLP

BRAR

BRBTRBLLEE. —F -8
5L

AR BN FURBI BT+
ENZORBOFBEZHEIILTWVE (B,
REM&MESE - Twin-Twin Transfusion TTTS DERZHTE, ZHBOERMERN
Syndrome, JUF TTTS -8+ &, —ERH BIFOBKRERTH 2EKABE (BREKEE
RED 10~ 156G I£ET L FETANESRT D8emill) &, HMENEROLMEFREER
e FERE THEKEL BAEKFEE2emUT) OFEE
BT RERBEUBTHEZ EHEMETHD,
ERBVLON TV, BEERPHERDOAEY
_ O rEZHCLV. BOGEEE, FhFh
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