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Abstract
Objective: To evaluate the learning curve effect on fetal outcomes while using fetoscopic laser photocoagulation (FLP) for twinetwin trans-
fusion syndrome (TTTS) as managed by a newly established single center in Taiwan.
Materials and Methods: Between October 2005 and October 2010, women diagnosed to have TTTS before 26 weeks of gestation were offered
FLP surgery. Cases were divided into first-half and second-half groups to evaluate the learning effect on fetal outcomes including at least one
survival rate, two survival rate, and gestational age of delivery.
Results: A total of 44 cases with a median gestational age of 20.1 weeks (range 16e25) at operation were included in the study. Overall, both
twins survived in 22 (50.0%) cases, whereas only one twin was born alive in 13 (29.5%), and neither was born alive in the remaining nine cases
(20.5%). The total survival rate was 64.8%. When comparing the first-half 22 cases and the second-half 22 cases, there were significant
improvements in total survival rate (54.7% vs. 75.0%, p ¼ 0.045), a prolonged interval between operation and delivery (62.1 vs. 89.1 days,
p ¼ 0.042), and more advanced gestational age of delivery (28.3 vs. 33.0 weeks, p ¼ 0.008) in the second-half 22 cases.
Conclusions: With increasing experience in using fetoscopic guide laser therapy for TTTS, the fetal survival rate could be improved with
advanced gestational age at delivery.
Copyright � 2012, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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Introduction

Twinetwin transfusion syndrome (TTTS) occurs in
approximately one in five of all monochorionic, diamniotic
twin pregnancies [1]. Traditionally, serial amnioreduction and
laser therapy are the most effective treatment methods for
TTTS [2]. Serial amnioreduction is effective in prolonging
pregnancy by reducing the amount of amniotic fluid to prevent
premature rupture of the membranes and preterm labor, but
laser therapy directly coagulates the intertwined anastomotic
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placental vessels in order to divide the placenta into functional
dichorionic [3]. Since the first randomized trial on interven-
tions for TTTS was published [4], it has been recognized that
the first-line treatment for all stages of TTTS diagnosed before
26 weeks is laser treatment. After training with Professor
Quintero in Tampa, Florida, we have established a practical
team for the laser therapy for severe TTTS in Chang Gung
Memorial Hospital, Taiwan since 2005 October. After 5 years’
experience, we found significant improvements in fetal
survival and more advanced gestational age of delivery in the
second-half case series in comparison with the first one. The
purpose of this study is to report our experience and the
learning curve effect to the outcomes of TTTS treated by
fetoscopic laser photocoagulation (FLP) therapy in a single
center in Taiwan.
cs & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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Table 1

outcomes of twinetwin transfusion syndrome treated by fetoscopic laser

therapy.

Overall survival 64.8% (57/88)

Double survival 50% (22/44)

At least one survival 79.5% (35/44)

Gestational age of operation (wk) 20.1 � 3.0

Gestational age of delivery (wk) 30.6 � 5.9

Operation delivery interval (d) 75.6 � 44.3

PROM with 3 wk after operation 11.36% (5/44)

Donor survival 68.2% (30/44)

Recipient survival 65.9% (29/44)

Reverse TTTS 4.5% (2/44)

Persistent TTTS 4.5% (2/44)

Twin anemia polycythemia sequence 2,28% (1/44)

Maternal pulmonary edema 6.8% (3/44)

Intraoperation intrauterine bleeding 4.5% (2/44)

PROM ¼ premature rupture of the membranes; TAPS ¼ twin anemia poly-

cythemia sequence; TTTS ¼ twinetwin transfusion syndrome.
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Patients and methods

The study and procedure were approved by the local insti-
tutional review board. The diagnosis of TTTS was based on the
following sonographic findings: (1) polyhydramnios, �8 cm of
maximum vertical pocket (MVP) in the recipient twin; (2) oli-
gohydramnios, MVP � 2 cm in the donor twin, in a mono-
chorionic twin pregnancy [5]. A detailed examination of the
fetal anatomy was performed to rule out associated anomalies.
Severity was assessed according to the Quintero staging system
[5]. After completing the photocoagulation, amniotic fluid was
drained to decrease theMVP of the recipient twin below 8 cm. If
a cervical length of less than 2.0 cmwas detected before surgery,
cervical cerclage was performed after the laser therapy. The
procedure was performed with a 2-mm 0� fetoscope (Storz
26008 AA; Karl Storz GmbH, Tuttlingen, Germany) or a 30�

fetoscope (Storz 26008 BUA; Karl Storz GmbH) for mainly
anterior placenta. The anastomoses were selectively coagulated
with 15e30 W Nd-YAG or continuous diode laser beams,
according to the diameter of the targeted vessel.

Statistical analysis was conducted with SPSS software
(version 11.0 for Window; SPSS Inc., Chicago, IL). Qualita-
tive data were compared using c2 test or Fisher exact test as
appropriate. Continuous variables were tested for normality.
We used two-sample Student’s t-test or ManneWhitney U-test
to compare between groups for the continuous variable. A
probability value of less than 0.05 was considered statistically
significant.

Results

From October 2005 to October 2010, FLP operations were
performed in 44 twin pregnancies complicated by severe
second-trimester TTTS in Chang Gung Memorial Hospital,
Taiwan. All surgeries were performed by one of the authors
(Y.L. Chang). The median maternal age was 27 years (range
15e40), and the median parity was 1 delivery (range 0e3).
The median gestational age at the time of surgery was 21
weeks (range 17e25). Preoperatively, 2 cases (4.5%) were
classified as stage I, 14 cases (31.8%) as stage II, 24 cases
(54.5%) as stage III, and 4 cases (9.%) as stage IV. The
placenta was anterior or predominantly anterior in 15 (34.1%)
cases. Two of them were due to severe polyhydramnios (MVP
as 16.5 and 18 cm); the procedures were performed using the
0� fetoscope; in the other 13 cases, the procedures were per-
formed using the 30� fetoscope. Table 1 displays the surgical
outcomes of these cases. Overall, both twins were born alive in
22 (50.0%) cases, only one twin was born alive in 13 (29.5%),
and neither was born alive in the remaining 9 (20.5%). Total
survival rate was 64.8%. Two cases were found as reverse
TTTS diagnosed by polyhydramnios in the previous donor and
oligohydramnios in the previous recipient. Two cases were
found as persistent TTTS post operation.

In five cases, the patients refused to undergo laser treatment
after consultation: one stage I case received amnireduction at
gestational age of 25 weeks, one termination of pregnancy at
our hospital at gestational age of 17 weeks, and three patients
returned to the referred hospital for pregnancy termination. Six
cases received amnioreduction before laser therapy at other
hospitals; among them, two cases received amnioreduction
twice. Three cases received cervical cerclage after laser
therapy due to short cervical length.

Five cases experienced rupture of membrane within 3 weeks
after operation; 2 (40%) of them had membrane resealed at 14
and 8 days after leakage of amniotic fluid: one with donor
demise in the uterus 4 days after surgery and delivery of the
recipient at 29 weeks, and onewith two survivals delivered at 35
weeks. The other three cases without membrane resealed
eventually lost two fetuses due to extreme prematurity.

In order to evaluate the learning effect on the fetal
outcomes, we divided the cases into first-half 22 and second-
half 22 cases (Table 2). The total survival rate, gestational age
of delivery, and interval between surgery and delivery between
the two time intervals were significantly different. The second-
half cases had better total survival rate, prolonged interval
between operation and delivery, and advanced gestational age
of delivery than the first-half cases. Because gestational age at
operation was not significantly different between the first-half
22 and second-half 22 cases, the advanced gestational age of
delivery in the second-half 22 cases was mainly due to the
prolonged interval between operation and delivery.

Selective techniques were achieved in 40 cases; in 4 cases,
we had to ablate more than 1 vessel due to the uncertainty of
communication. Intraoperative complications were noted in 2
cases (9.1%): one case of bleeding occurred during laser
coagulation due to laceration of a placental vessel, but after
laser coagulation at the upstream of the lacerated vessels the
bleeding ceased, and the surgery was completed and two live
babies were delivered at gestational age of 29 weeks. In
another case, the bleeding was caused by a transplacental
insertion of the fetoscope due to the difficult anterior wall
placenta position; however, the bleeding ceased after the
operation by external uterine compression from the abdomen.

There were three mothers who suffered from pulmonary
edema after surgery; two of them were easily managed by
diuretics, and the respiratory symptoms resolved within 24



Table 2

Outcomes of fetoscopic guide laser therapy for twinetwin transfusion

syndrome between first and second-half 22 cases.

First-half

22 cases

Second-half

22 cases

P value

Overall survival 54.7% (24/44) 75% (33/44) 0.045

Double survival 36.3% (8/22) 63.6% (14/22) 0.13

At least one survival 72.7% (16/22) 86.3% (19/22) 0.46

Gestational age of

operation (wk)

19.44 � 3.0 20.69 � 2.9 0.166

Interval between

operation and delivery (d)

62.1 � 35.8 89.1 � 48.6 0.042

Gestational age of

delivery (wk)

28.3 � 6.2 33.0 � 4.6 0.008
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hours after operation. Another patient had a protracted course of
pulmonary edema lasting for 12 days due to mirror syndrome,
which was caused by transient donor hydrops after the opera-
tion; this patient eventually had a good perinatal outcome with
delivery at gestational age of 36 weeks with dual survival.
Discussion

In this series of 44 TTTS who received FLP for TTTS in
Taiwan, the total survival rate was 64.8%, and at least one
survival rate was 79.5%. Overall survival of TTTS treated by
fetoscope had been reported to range from 45% to 70%, and
survival of at least one twin ranges from 60% to 85% and
higher [6]. So, our first 5-year results are similar to the average
result. Comparison of the first- and second-half cases (44 cases
in total) showed improvement in the total survival rate, from
54.7% to 75.0%, and gestational age of delivery, from 28.3 to
33.0 weeks. Because there is no significant difference in at
least one survival rated76.7% in the first-half 22 cases and
86.3% in the second-half 22 casesdthe difference in survival
rate between first half and second half groups could be due to
increasing the double survival rate in the second-half 22 cases:
from 36.4% to 63.6%, although the p value is not significant
( p ¼ 0.13). Hence, the learning curve effect that increased the
total survival rate in fetoscopic-guided laser therapy for TTTS
in our center mainly is due to the increase in the dual survival
rate in the second-half 22 cases.

In their review report, by Ahmed et al [7] failed to show
a significant impact of high case loads (experience) to the fetal
outcomes, but they believed that a learning curve most
certainly exists. However, Morris et al [8] found the need for
experience in 61 and 111 procedures to reach 85% and 90% of
at least one survival rate. After we divided our cases into first-
and second-half groups, we found that the total survival rate
and gestational age of delivery are significantly improved in
the second-half cases. If we do not analyze the immediate
outcomes at this time point, after 44 operations we can obtain
a 64.8% total survival rate; the learning curve effect would be
diluted by the favorable outcomes in the upcoming cases.

Since Dr Quintero developed the technique of selective
laser photocoagulation of communicating vessels (SLPCV)
[3], it has been accepted as the mainstay of surgical technique
for treatment of TTTS [7]. Dr Quintero further described the
sequential method of selective laser photocoagulation and
found that it is associated with a decreased likelihood of
intrauterine fetal demise of the donor twin and an increased
rate of dual survivors compared to SLPCV [9]. Our operation
method for all 44 cases is SLPCV without sequence; among
them, there were 40 cases where the selective technique could
be achieved. So the improved outcomes of the second-half
cases is not due to the modified surgical technique but
should be attributed to our increasing experience; the result
requires concentration of cases in a single center.

Since fetoscopic-guided laser therapy can achieve better
fetal outcomes than serial amnioreduction [2], considerations
regarding maternal safety should become an important issue
[10]. In our series, three patients manifested maternal
pulmonary edema and two patients suffered from intrauterine
bleeding. Two of the three patients who suffered from
pulmonary edema could be classified as cases of fluid overload
because of the presence of significantly more intravenous
crystalloids due to regional anesthesia. In a review of maternal
complications after FLP TTTS, there were 5 cases of pulmo-
nary edema found in 40 reports including 1758 cases [10].
Although not every report would comment on maternal
complications, the incidence of pulmonary edema in our cases
is still high at 4.5% (excluding one case of mirror syndrome)
under regional anesthesia. So, after maturation of the whole
team, local anesthesia may be chosen in future surgeries.

The weak points of this study are the small number of cases
and the lack of long-term neurological outcomes follow-up,
but as we have previously noted, having a large number of
cases would dilute the effect of the learning curve of using
laser therapy for TTTS and make the differences harder to
discern. So the value of this report is to present the learning
curve effect on the outcomes of fetuses treated by FLP for
TTTS in a newly established center. We continue to follow up
the outcomes of these babies, especially their neurological
outcomes, and are currently accumulating these data.

In conclusion, we found that with increased experience
with FLP for TTTS, fetal survival rate could be improved,
interval between operation and delivery could be prolonged,
and gestational age of delivery could be increased in a newly
established center.
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