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ABSTRACT

Background

Twin-twin transfusion syndrome, a condition affecting monochorionic twin pregnancies, is associated with a high risk of perinatal mortality
and morbidity. Anumber of treatments have been introduced to treat the condition but it is unclear which intervention improves maternal
and fetal outcome.

Objectives

The objective of this review was to evaluate the impact of treatment modalities in twin-twin transfusion syndrome.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group's Trials Register (31 May 2013).

Selection criteria

Randomised and quasi-randomised studies of amnioreduction versus laser coagulation, septostomy versus laser coagulation or
septostomy versus amnioreduction.

Data collection and analysis

Two review authors independently assessed eligibility and extracted data. We contacted study authors for additional information.

Main results

Three studies (253 women and 506 babies) were included. All three trials were judged to be of moderate quality. One study compared
amnioreduction with septostomy (71 women), whilst the other two studies compared amnioreduction with endoscopic laser coagulation
(182 women). Not all trials provided outcome data that could be included in all meta-analyses.

Amnioreduction compared with laser coagulation

Although there was no difference in overall death between amnioreduction and laser coagulation (average risk ratio (RR) 0.87; 95%

confidence interval (CI) 0.55 to 1.38 adjusted for clustering, two trials) or death of at least one infant per pregnancy (RR 0.91; 95% CI 0.75
to 1.09, two trials), or death of both infants per pregnancy (average RR 0.76; 95% 0.27 to 2.10, two trials), more babies were alive without
neurological abnormality at the age of six years in the laser group than in the amnioreduction groups (RR 1.57; 95% CI 1.05 to 2.34 adjusted
for clustering, one trial). There were no significant differences in the babies alive at six years with major neurological abnormality treated
by laser coagulation or amnioreduction (RR 0.97; 95% CI 0.34 to 2.77 adjusted for clustering, one trial). Outcomes for death in this 2013
update are different from the previous 2008 update, where improvements in perinatal death and death of both infants per pregnancy were
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shown in the laser intervention arm. The NIHCD trial included in this update exerts an opposite direction of effects to the Eurofetus study,
which was previously the only included laser study, hence the difference in outcome.

Amnioreduction compared with septostomy

There are no differences in overall death (RR 0.83; 95% Cl 0.47 to 1.47, adjusted for clustering, one trial), death of at least one infant per
pregnancy (RR 0.80; 95% Cl 0.48 to 1.35, one trial), or death of both infants per pregnancy (RR 0.90; 95% Cl 0.37 to 2.22, one trial) or
gestational age at birth (RR 1.20; 95% CI -0.81 to 3.21, one trial) between amnioreduction and septostomy.

Authors' conclusions

Endoscopic laser coagulation of anastomotic vessels should continue to be considered in the treatment of all stages of twin-twin
transfusion syndrome to improve neurodevelopmental outcomes.

Further research targeted towards assessing the effect of treatment on milder (Quintero stage 1 and 2) and more severe (Quintero stage 4)
forms of twin-twin transfusion syndrome is required. Studies should aim to assess long-term outcomes of survivors.

PLAIN LANGUAGE SUMMARY

Interventions for the treatment of twin-twin transfusion syndrome

Limited evidence suggests the best way to improve survival without neurological impairment in children with twin-to-twin transfusion
syndrome is to perform laser treatment to the placenta.

Identical twins occur in about one in 320 pregnancies. Sometimes identical twins share the same placenta and blood flow, and the
proportion of blood shared between the twins is usually equal. Twin-to-twin transfusion syndrome happens when the blood flow is uneven
and passes from one twin (the donor) to the other (the recipient). This can happen when the placenta has deep artery-to-vein connections.
The donor twin usually has very little amniotic fluid, and frequently does not grow well and is very small. The recipient twin has excessive
amniotic fluid, and often has a distended bladder and other medical problems. The risk of death for both twins is high, around 80% if there
is no treatment. There is also risk of physical or neurological damage to both twins if they survive. Various options for treatment exist.
These include (1) the repeated removal of excessive amniotic fluid (amnioreduction); (2) laser treatment of the abnormal vessels in the
placenta (endoscopic laser surgery); (3) puncture of the membrane between the twins (septostomy); and (4) the selective ending of one
twin's life (selective feticide). The review found three trials, involving 253 women and 506 babies. There were no studies on laser treatment
versus puncturing the membrane, nor on selective feticide. The evidence showed that laser treatment was associated with more babies
being alive without a neurological abnormality when compared to removing the excess amniotic fluid. However, where there is insufficient
expertise to perform laser surgery or when the pregnancy is beyond 26 weeks, amnioreduction remains the treatment of choice. Further
research is needed on the best treatment for mild and very severe forms of the problem.

Interventions for the treatment of twin-twin transfusion syndrome (Review) 2
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BACKGROUND

Description of the condition

Twin-twin transfusion syndrome (TTTS) is a condition that affects
identical twin pregnancies. The diagnosis requires the ultrasound
demonstration of excessive fluid (hydramnios) around one twin
(the recipient) and little or no fluid (oligohydramnios) around the
other twin (the donor) with the separating membrane completely
covering this fetus. Both twins should be structurally normal. The
recipient twin is usually appropriately grown for gestational age,
has a large distended bladder and may, if severely compromised,
show tricuspid regurgitation or hydrops fetalis. The donor twin
on the other hand, is frequently severely growth restricted with
abnormal umbilical artery Doppler waveforms.

The condition is now graded by the Quintero staging system
(Quintero 1996) as follows.

« Stage 1: abnormal amniotic fluid levels along with bladder filling
in the donor.

« Stage 2: collapsed bladder in the donor.

« Stage 3:abnormal Doppler flow in the umbilical artery or ductus
venosus of either twin.

« Stage 4: hydrops in either twin.
« Stage 5: intrauterine death of either twin.

These clinical features are associated with the death of one or both
fetuses in more than 80% of untreated pregnancies, particularly
if problems develop before 28 weeks' gestation (Saunders 1991,
Urig 1990). Therisks are those of spontaneous miscarriage, preterm
prelabour rupture of membranes, preterm labour and growth
retardation. Although twin-twin transfusion is usually a gradual
process, it can happen suddenly with the death of one twin,
usually the recipient. This can lead to the death of the co-twin or
neurological handicap in the survivor (Fusi 1990; Van Heteren 1998).

Identical twin gestations occur in one in 320 pregnancies.
Depending on when the embryos implant, the placenta
will be dichorionic diamniotic, monochorionic diamniotic or
monochorionic monoamniotic, a description of the pattern of
membranes. Seventy-five per cent of identical twin pregnancies
are monochorionic, diamniotic. Vascular connections, called
anastomoses, are common in monochorionic placentas. These can
be superficial artery-to-artery or vein-to-vein connections or deep
artery-to-vein anastomoses. Balanced blood flow across these
connections occurs in most monochorionic twins. Unbalanced
transfusion from the donor to the recipient can occur in those
placentas that have deep artery-to-vein connections, causing TTTS
(Denbow 1998). This is associated with a high risk of death and
damage to twins and accounts for 15% to 17% of the overall
perinatal mortality in twins (Steinberg 1990). The poor outcome
of untreated TTTS leads to the introduction of a number of
treatments, namely:

« repeated serial amnioreduction;

« endoscopic laser ablation of vascular anastomoses;
« amniotic septostomy;

« selective feticide.

Description of the intervention

Serial amnioreduction, the repeated removal of excessive amniotic
fluid by amniocenteses, is the most established method of
treatment. It was introduced initially as a treatment for hydramnios
in the recipient sac, to try to prevent preterm labour or prelabour
rupture of membranes, or both, but may have beneficial effects
on the disease condition (Montan 1985; Schneider 1985). Colour-
flow Doppler waveforms of the uterine artery, a test of wellbeing
of the fetus, have shown improvement following amnioreduction
(Bower 1995). Other authors have reported a reduction in the rate of
fluid accumulation following serial amnioreduction and therefore
a lengthening of the interval between reductions (Schneider
1985; Urig 1990). They postulate that hydramnios compresses
the placenta and increases the rate of transfusion to the
recipient twin and that relieving this pressure with amnioreduction
reverses this phenomenon (Urig 1990). On the other hand, the
increase in fetoplacental blood volume with increasing gestation
may reduce the effects of anastomoses therefore, showing an
improvement in the condition (Saunders 1991). Whatever the
actual physiology behind the procedure, amnioreduction appears
to prolong pregnancy and thereby improves fetal survival. The
survival rate following serial amnioreduction has been quoted
at 37% to 60% (Saunders 1991; Trespidi 1997; Urig 1990) and
the risk of neurological damage at 17% to 33%. Some papers
have quoted very high survival rates at around 79% (Elliot 1991,
Mahony 1990; Reisner 1993) but the results are debatable because
non-identical twin pregnancies and pregnancies with fetuses with
structural abnormality were not excluded (see definition of TTTS).
The cohort studies included mild cases of TTTS, and this could
be the explanation for the better outcomes. Serial amnioreduction
does not require special equipment and can be performed by
most obstetricians specialised in fetal medicine. Procedure-related
complications occur with serial amnioreduction in the order of
around 10% (Mahony 1990; Saunders 1991). This is mostly fetal
death within 48 hours of the procedure or spontaneous abortion.
Abruptio placentae has been reported (Mahony 1990; Reisner
1993).

Laser coagulation of the superficial blood vessels that cross the
separating membrane of the placenta has been advocated as
another method of managing TTTS (De Lia 1990). Theoretically, it
has the advantage of solving the underlying mechanism that causes
unbalanced twin-twin transfusion. Controversy surrounds this
theory because it has been shown that in TTTS, the anastomoses
are more likely to be deep rather than superficial (Bajoria 1995;
Machin 1996). The coagulation of superficial vessels therefore
should not have any effect on the pathophysiology of TTTS but
might indeed be cutting off some normal placental vessels with
inherent fetal risks (De Lia 1995). Published series have however
shown a 55% to 73% survival rate with a 4.2% neurological
handicap rate (De Lia 1995; Ville 1995; Ville 1998). These authors
argue that irrespective of the depth of the individual anastomoses,
their afferent and efferent branches are superficial and can be seen
on the placental surface. Systematic coagulation of all these vessels
should include the branches of these anastomoses and currently
this remains the only method that can prevent transfusion between
the placentas. Endoscopic laser ablation requires fetoscopic skills
and currently can only be performed in a small number of centres.
It is a far more invasive procedure than amnioreduction. Maternal
morbidity may be much higher than with amniocentesis-related
procedures and bleeding from the placental vessels is consistently

Interventions for the treatment of twin-twin transfusion syndrome (Review) 3
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

reported (De Lia 1995; Hecher 1999). Further interventions such as
amnioreduction are required in around 20% of cases.

The deliberate creation of a puncture in the inter twin membrane,
'septostomy’, has been described by Saade et al (Saade 1998). They
hypothesised that the improvement in amniotic fluid dynamics in
some TTTS pregnancies may be due to an inadvertent puncturing
of the inter twin membrane. Survival rates as high as 83% were
achieved but no figures for neurological outcome are available
(Saade 1998). The mechanism is thought to be an equalisation
of the pressure in the two sacs, thus relieving the pressure on
the placenta (Garry 1998). Septostomy may be a relatively safe
procedure which does not require special equipment. The major
risk associated with amniotic septostomy is cord entanglement, as
the procedure is effectively creating a monoamniotic pregnancy
within a single sac (Gilbert 1991).

Selective feticide, the deliberate ending of one twin's life, has been
reported as a therapeutic option. In the event of the death of
one twin, approximately 50% of surviving twins will experience
mortality or neurological handicap (Van Heteren 1998). Feticide,
using a technique which does not affect the circulation of the
surviving twin, may prevent neurological injury to the survivor.
Techniques such as fetoscopic cord ligation and ultrasound guided
vascular embolisation have been described (Crombleholme 1996;
Deprest 1998; Donner 1997; Quintero 1996). These procedures are
performed through the skin (percutaneous) for uterine access. The
number of women treated by this method is very small, as the
procedure is usually only performed where the demise of the co-
twin is certain. The numbers are therefore too small to provide valid
neurological outcomes for the surviving twin in these pregnancies
and the survival rate by definition can at best be only 50%. Selective
feticide has relative risks associated with the technique used.

Maternal digoxin therapy, used in conjunction with either serial
amnioreduction or laser thermocoagulation, has been anecdotally
reported (Arabin 1998; De Lia 1985; Roman 1995). Fetal heart and
blood dynamics, however, suggest thatit should not work and it has
been abandoned. Indomethacin for reduction of hydramnios in the
recipient sac has been described (Jones 1993) but the results were
notencouraging and the authors concluded that it does not prevent
perinatal mortality in TTTS. Indomethacin can have potentially
adverse renal effects on the donor twin.

Why it is important to do this review

This review will assess which of the above treatments improves
fetal, childhood and maternal outcomes.

OBJECTIVES

To evaluate the impact of treatment modalities in twin-twin
transfusion syndrome (TTTS).

METHODS

Criteria for considering studies for this review
Types of studies

Due to an anticipated lack of randomised controlled trials, we
considered both quasi-randomised and randomised studies of one
treatment versus another. Comparisons such as amnioreduction

versus laser coagulation, septostomy versus laser coagulation or
septostomy versus amnioreduction were suitable for inclusion.

Types of participants

Women with a twin pregnancy where TTTS has been diagnosed on
ultrasound by:

« confirmation of monochorionicity;
«+ oligohydramnios in one sac and hydramnios in the other;
« normal anatomy of both fetuses.

Types of interventions

We reviewed any intervention performed as a therapy for TTTS
with a view to improving maternal symptoms, fetal, neonatal and
childhood outcome and prolonging pregnancy.

Types of outcome measures
Primary outcomes
(1) Perinatal outcomes

« Overall death (stillbirths neonatal and post-neonatal).
+ Neurodevelopmental delay (as defined by trialists).

Secondary outcomes
(1) Procedure-related details

« Number of invasive interventions per pregnancy.

(2) Perinatal outcomes

« Death of at least one infant per pregnancy.
« Death of both infants per pregnancy.
» Preterm labour within 48 hours of procedure.

« Preterm prelabour rupture of membranes within 48 hours of
procedure.

» Gestational age at birth.

+ Use of mechanical ventilation.

« Need for blood transfusion within 48 hours of delivery.

« Weight or head circumference discordance at birth.

« Intraventricular haemorrhage: grades llI/IV.

« Seizures within 28 days of delivery or anticonvulsant therapy.
« Length of stay on neonatal intensive care unit.

(3) Maternal outcomes

+ Maternal death
« Admission to intensive care unit for procedure-related reasons.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Trials
Register by contacting the Trials Search Co-ordinator (31 May 2013).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is
maintained by the Trials Search Co-ordinator and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

2. weekly searches of MEDLINE;

Interventions for the treatment of twin-twin transfusion syndrome (Review) 4
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3. Weekly searches of Embase;

4. handsearches of 30 journals and the proceedings of major
conferences;

5. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

Details of the search strategies for CENTRAL, MEDLINE and Embase,
the list of handsearched journals and conference proceedings, and
the list of journals reviewed via the current awareness service can
be found in the ‘Specialized Register’ section within the editorial
information about the Cochrane Pregnancy and Childbirth Group.

Trials identified through the searching activities described above
are each assigned to a review topic (or topics). The Trials Search Co-
ordinator searches the register for each review using the topic list
rather than keywords.

See Appendix 1, for search methods used in previous versions of
this review.

We did not apply any language restrictions.

Data collection and analysis

For the methods used when assessing the trials identified in the
previous version of this review, see Roberts 2008a.

For this 2013 update we used the following methods when
assessing the reports identified by the updated search.

Selection of studies

Two review authors independently assessed for inclusion all the
potential studies we identified as a result of the search strategy. We
resolved any disagreement through discussion or, if required, we
consulted a third person.

Data extraction and management

We designed a form to extract data. For eligible studies, two review
authors extracted the data using the agreed form. We resolved
discrepancies through discussion or, if required, we consulted
a third person. We entered data into Review Manager software
(RevMan 2012) and checked for accuracy.

When information regarding any of the above was unclear, we
attempted to contact authors of the original reports to provide
further details.

Assessment of risk of bias in included studies

Two review authors independently assessed risk of bias for each
study using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011 ). We resolved any
disagreement by discussion or by involving a third assessor.

(1) Random sequence generation (checking for possible
selection bias)

We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We assessed the method as:

« low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

« highrisk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number);

« unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal
allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in
advance of, or during recruitment, or changed after assignment.

We assessed the methods as:

« low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

« unclear risk of bias.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We described for each included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
were at low risk of bias if they were blinded, or if we judged that
the lack of blinding would be unlikely to affect results. We assessed
blinding separately for different outcomes or classes of outcomes.

We assessed the methods as:

« low, high or unclear risk of bias for participants;
« low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We described for each included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.

We assessed methods used to blind outcome assessment as:
« low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported and the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where sufficient information was reported, or was
supplied by the trial authors, we re-included missing data in the
analyses which we undertook.

We assessed methods as:
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« low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation; more than 20% missing data);

« unclear risk of bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.

We assessed the methods as:

« low risk of bias (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

« high risk of bias (where not all the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest are
reported incompletely and so cannot be used; study fails to
include results of a key outcome that would have been expected
to have been reported);

« unclear risk of bias.

(6) Other bias (checking for bias due to problems not covered by
(1) to (5) above)

We described for each included study any important concerns we
had about other possible sources of bias.

We assessed whether each study was free of other problems that
could put it at risk of bias:

« low risk of other bias;
« highrisk of other bias;
« unclear whether there is risk of other bias.

(7) Overall risk of bias

We made explicit judgements about whether studies were at
high risk of bias, according to the criteria given in the Cochrane
Handbook (Higgins 2011). With reference to (1) to (6) above,
we assessed the likely magnitude and direction of the bias and
whether we considered it was likely to impact on the findings. We
explored the impact of the level of bias through undertaking
sensitivity analyses - see Sensitivity analysis.

Measures of treatment effect
Dichotomous data

For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.

Continuous data

We used the mean difference if outcomes were measured in the
same way between trials. We will use the standardised mean
difference to combine trials that measure the same outcome, but
use different methods, if appropriate in future updates.

Unit of analysis issues
Cluster-randomised trials

We did notinclude cluster-randomised trials in this review. In future
updates, if high-quality cluster-randomised trials are identified, we
will considerincludingthemin the analyses along with individually-
randomised trials. We will adjust their sample sizes using the
methods described in the Cochrane Handbook Section 16.3.4 using
an estimate of the intracluster correlation co-efficient (ICC) derived
from the trial (if possible), from a similar trial or from a study
of a similar population. If we use ICCs from other sources, we
will report this and conduct sensitivity analyses to investigate the
effect of variation in the ICC. If we identify both cluster-randomised
trials and individually-randomised trials, we plan to synthesise the
relevantinformation. We will consider it reasonable to combine the
results from both if there is little heterogeneity between the study
designs and the interaction between the effect of intervention and
the choice of randomisation unit is considered to be unlikely.

We will also acknowledge heterogeneity in the randomisation unit
and perform a sensitivity analysis to investigate the effects of the
randomisation unit.

Cross-over trials

Cross-over trials are not included as they are inappropriate to the
question.

Other unit of analysis issues

Theanalysisin this review involves multiple pregnancies, therefore,
wherever possible, analyses were adjusted for clustering to take
into account the non-independence of babies from the same
pregnancy (Gates 2004). Treating babies from multiple pregnancies
as if they are independent, when they are more likely to have
similar outcomes than babies from different pregnancies, will
overestimate the sample size and give confidence intervals that
are too narrow. Each woman can be considered a cluster in a
multiple pregnancy, with the number of individuals in the cluster
being equal to the number of fetuses in her pregnancy. Analysis
using cluster trial methods allows calculation of relative risk and
adjustment of confidence intervals. Usually this will mean that
the confidence intervals get wider. Although this may make little
difference to the conclusion of a trial, it avoids misleading results in
those trials where the difference may be substantial. We have used
the inverse variance method for adjusted analyses, as described
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011).

Dealing with missing data

For included studies, we noted levels of attrition. We planned
to explore the impact of including studies with high levels of
missing data in the overall assessment of treatment effect by using
sensitivity analysis.

For all outcomes, we carried out analyses, as far as possible,
on an intention-to-treat basis, i.e. we attempted to include all
participants randomised to each group in the analyses, and all
participants were analysed in the group to which they were
allocated, regardless of whether or not they received the allocated
intervention. The denominator for each outcome in each trial was
the number randomised minus any participants whose outcomes
were known to be missing.
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Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis using
the Tau?, 1> and Chi? statistics. We regarded heterogeneity as
substantial if an I* was greater than 30% and either a Tau? was
greater than zero, or there was a low P value (less than 0.10) in the
Chi? test for heterogeneity.

Assessment of reporting biases

In future updates, if there are more than 10 studies in the meta-
analysis we will investigate reporting biases (such as publication
bias) using funnel plots. We will assess funnel plot asymmetry
visually. If asymmetry is suggested by a visual assessment, we will
perform exploratory analyses to investigate it further.

Data synthesis

We used the number randomised as the denominator, for outcomes
that applied to women. The number of babies randomised was
the denominator for outcomes applying to fetuses or babies. This
included neonatal outcomes; we did not use the number of live
births as the denominator for neonatal outcomes in the main
analyses as this is a non-randomised comparison, with consequent
risk of bias.

We carried out statistical analysis using the Review Manager
software (RevMan 2012). We used fixed-effect meta-analysis for
combining data where it was reasonable to assume that studies
were estimating the same underlying treatment effect: i.e. where
trials were examining the same intervention, and the trials’
populations and methods were judged sufficiently similar. If
there was clinical heterogeneity sufficient to expect that the
underlying treatment effects differ between trials, or if substantial
statistical heterogeneity was detected, we used random-effects
meta-analysis to produce an overall summary, if an average
treatment effect across trials was considered clinically meaningful.

Where we used random-effects analyses, the results are presented
as the average treatment effect with 95% confidence intervals, and
the estimates of Tau? and I2.

Subgroup analysis and investigation of heterogeneity

It was not possible to carry out planned subgroup analysis because
all trials included only one of the subgroups. In future updates,
if we identify substantial heterogeneity, we will investigate it
using subgroup analyses and sensitivity analyses. We will consider
whether an overall summary is meaningful, and if it is, use random-
effects analysis to produce it.

We plan to carry out the following subgroup analysis.

1. Percutaneous versus open procedures.

We will use primary outcomes in subgroup analysis.

We will assess subgroup differences by interaction tests available
within RevMan (RevMan 2012). We will report the results of

subgroup analyses quoting the Chi? statistic and P value, and the
interaction test I* value.

Sensitivity analysis

When appropriate, in future updates, we will carry out sensitivity
analysis to explore the effect of trial quality based on concealment
of allocation, by excluding studies with unclear allocation
concealment.

RESULTS

Description of studies

A total of six trials were identified. We have included three studies
(Eurofetus 2004; Moise 2005; NIHCD 2007), excluded two studies
(Soothill 2000; Sutcliffe 2000), and one study is ongoing (Slaghekke
2008).

Included studies

Three studies were identified for inclusion (Eurofetus 2004; Moise
2005; NIHCD 2007) with data available for 253 women (see
Characteristics of included studies table).

One study compares serial amnioinfusion with septostomy (Moise
2005), whilst the other two studies compare laser photocoagulation
with serial amnioinfusion (Eurofetus 2004; NIHCD 2007). Both the
septostomy trial and the NIHCD 2007 were conducted in the USA,
whilst Eurofetus was conducted in Europe.

Two trials allowed cross-over to the other arm (Eurofetus 2004;
Moise 2005). The septostomy trial (Moise 2005) allowed cross-over
to the amnioreduction arm if two consecutive septostomies failed
to resolve oligohydramnios in the donor sac or if the recipient
sac continued to have polyhydramnios. Laser ablation of the
anastomotic vessels and umbilical cord occlusion were used in
cases where there was progression of TTTS. The endoscopic laser
surgery trial (Eurofetus 2004) performed amnioreduction in the
laser arm after 26 weeks' gestation as the trial protocol did not
allow laser coagulation after that gestation. Six women in the
amnioreduction arm in this trial underwent laser treatment for
progression of TTTS after repeated amnioreductions. NIHCD 2007
was by nature a cross-over study in that it only included those who
were deemed to have failed amnioreduction therapy.

Most of the fetuses were classified as Quintero stage 2 or 3 in the
endoscopic laser surgery trial (Eurofetus 2004), Quintero stage 1 to
3in the septostomy trial (Moise 2005) and Quintero stage 2 to 4 in
the NIHCD 2007 trial.

Excluded studies

For details of the two excluded studies, see the table of
Characteristics of excluded studies.

Risk of bias in included studies

See Figure 1; Figure 2 for a summary of 'Risk of bias' assessments
in included studies. All three trials were judged to be of moderate
quality
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Figure 1. 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

The methods of randomisation used in the included studies are
summarised in the Characteristics of included studies table. Two
studies (Eurofetus 2004; Moise 2005) used computer-generated
central randomisation sequences in order to maintain adequate
allocation concealment. These studies were assessed as low risk
of bias for selection bias. In one study (NIHCD 2007), the method
of sequence generation was not reported. Allocation was reported
as being centralised via faxed case reports and so this study was
assessed as low risk of bias for allocation concealment.

Blinding

Performance bias is unlikely to have occurred in the studies
included in this review. Blinding of outcome assessment was
attempted in one trial (Eurofetus 2004).

Incomplete outcome data

All included studies (Eurofetus 2004; Moise 2005; NIHCD 2007)
compared two treatment arms (253 pregnancies and 506 fetuses).
There was evidence available to suggest that sample-size
calculations had been performed prospectively. Intention-to-treat
analysis was mentioned. One trial (Moise 2005) lost two women to
follow-up in the septostomy arm and another trial (NIHCD 2007) lost
two women, one from each arm of the trial. All trials were assessed
as low risk of bias for completeness of follow-up.

Selective reporting

All expected prespecified outcomes were reported in the trial
reports and all trials are assessed as low risk of bias for selective
reporting.

Other potential sources of bias

All three trials were stopped early on the basis of interim analyses
(Eurofetus 2004; Moise 2005; NIHCD 2007). Two trials were assessed
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as being at low risk of bias (Eurofetus 2004; Moise 2005) and one
was assessed as being at unclear risk of bias (NIHCD 2007). In the
septostomy trial (Moise 2005), the recruitment rate to the trial was
slower than predicted and it was felt that the primary end point
would not be achieved. The included endoscopic laser surgery trial
(Eurofetus 2004) was stopped after the second interim analysis
showed a higher rate of survival of at least one twin in the laser arm.
The NIHCD 2007 trial was stopped at the request of the investigators
after recruiting only a quarter of the sample size (42 pregnancies)
in five years. The study authors cited the unwillingness of referring
centres to refer to units where laser photocoagulation was only
available within the trial and a statistical trend in adverse outcomes
affecting the recipient twin in one treatment arm. The results
cannot be conclusive, particularly if many eligible participants were
not referred. All trials quoted the O'Brien-Fleming rule for stopping.

Effects of interventions

The results of this review are derived from three studies: a single
study for the comparison of septostomy versus amnioreduction
(Moise 2005); and two studies for the comparison of endoscopic
laser surgery versus amnioreduction (Eurofetus 2004; NIHCD 2007).

Two included studies presented analyses that were adjusted
for clustering but did not present estimates of the intracluster
correlation coefficient (ICC) (Eurofetus 2004; Moise 2005). Eurofetus
2004 contained enough information to deduce the values of ICC
that were used for adjustments for two outcomes; all deaths (0.29)
and need for blood transfusion within 48 hours. The analysis of
mechanical ventilation was not adjusted for clustering because the
ICC was negative.

For other outcomes, we used the most appropriate ICC for the
adjustment; the value derived from all deaths (0.29) for outcomes
thatinvolved death, and an ICC of 0.29 for survival with and without
major neurological complications at six years.

Moise 2005 did not present any estimates of the ICC but the report
contained sufficient information to calculate an ICC estimate for
fetal death (0.47). This was used to adjust the analyses of overall
death.

It was not possible to derive an ICC estimate for any outcome in
NIHCD 2007.

Septostomy versus amnioreduction (one trial, 71 pregnancies,
142 fetuses)

Primary outcomes

No significant differences were found in overall death (risk ratio
(RR) 0.83; 95% confidence interval (Cl) 0.47 to 1.47, adjusted for
clustering) Analysis 1.1, between amnioreduction and septostomy.

Neurodevelopmental delay was not reported in this study.

Secondary outcomes

No significant differences were found in death of at least one
infant per pregnancy (RR 0.80; 95% Cl 0.48 to 1.35) Analysis 1.2, or
death of both infants per pregnancy (RR 0.90; 95% CI 0.37 to 2.22)
Analysis 1.3, or mean gestational age at delivery in weeks (mean
difference (MD) 1.20; 95% CI -0.81 to 3.21) Analysis 1.4 between
amnioreduction and septostomy.

No other secondary outcomes were reported in this study.

Endoscopic laser surgery versus amnioreduction (two trials,
182 pregnancies, 364 fetuses)

Primary outcomes

No significant differences were found for overall death (average
RR 0.87; 95% CI 0.55 to 1.38 adjusted for clustering) Analysis 2.1.
Substantial heterogeneity was apparent in Analysis 2.1, and so
a random-effects analysis was performed (Heterogeneity: Tau? =
0.08; Chi? =3.13, df =1 (P = 0.08); I* = 68% Analysis 2.1). It should
be noted that these two trials appear to have opposite directions
of effect.

For the outcome neurodevelopmental delay, more babies were
alive without neurological abnormality at the age of six years in
the laser group than the amnioreduction groups (RR 1.57; 95% ClI
1.05 to 2.34 adjusted for clustering), Analysis 2.2. There was no
significant difference in the babies alive with major neurological
abnormality treated by laser coagulation or amnioreduction at six
years (RR 0.97; 95% Cl 0.34 to 2.77 adjusted for clustering), Analysis
2.3.

Secondary outcomes

No significant differences were found for death of at least one
infant per pregnancy (RR 0.91; 95% Cl 0.75 to 1.09) Analysis 2.4, or
death of both infants per pregnancy (average RR 0.76; 95% CI 0.27
to 2.10) Analysis 2.5, between laser surgery and amnioreduction.
Substantial heterogeneity was apparent in Analysis 2.5 and so
a random-effects analysis was performed (Heterogeneity: Tau? =
0.41; Chi? = 3.69, df = 1 (P = 0.05); I = 73% Analysis 2.5). It should
be noted that these two trials appear to have opposite directions
of effect.

There were no differences between groups for preterm labour
within 48 hours of procedure (RR 1.94; 95% Cl 0.18 to 20.96)
Analysis 2.6; rupture of membranes within 48 hours of procedure
(RR 1.35; 95% CI 0.71 to 2.54) Analysis 2.7; need for mechanical
ventilation (RR0.79;95% Cl 0.44 to 1.43) Analysis 2.8; need for blood
transfusion within 48 hours of delivery (RR 0.45;95% Cl1 0.15 to 1.31)
Analysis 2.9; or intraventricular haemorrhage grade Ill/IV (RR 0.24;
95% Cl 0.05 to 1.12) Analysis 2.10.

There were no reported maternal deaths or admissions to the
intensive care unit (ICU) for procedure-related reasons in either
group (Analysis 2.11; Analysis 2.12).

No data were available for the other outcome measures for this
comparison.

DISCUSSION

Summary of main results

This updated review includes three studies (involving 253 women
and 506 babies). The results of this review cannot be conclusive
as the included trials are small and there are only meta-analyses
for four outcomes in the review at the moment. The findings
would however, support the use of endoscopic laser coagulation
in the treatment of twin-twin transfusion syndrome (TTTS) to
improve neurodevelopmental outcomes in the child. This update
does not show any apparent difference in overall death or any
secondary death outcomes between endoscopic laser coagulation
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and amnioreduction. It should be noted that the two trials analysed
appear to have opposite directions of effect on these outcomes.
There does not appear to be a difference in perinatal outcomes
between amnioreduction and septostomy.

Overall completeness and applicability of evidence

The comparisons for the primary outcome represent the
best available current evidence on interventions for twin-twin
transfusion syndrome. The ongoing Solomon study (Slaghekke
2008) aims to recruit 274 participants to a trial comparing
two different methods of endoscopic laser coagulation. The
composite primary outcome includes perinatal death, the
recurrence of TTTS and another condition called twin anaemia-
polycythaemia sequence (TAPS). The Solomon study will have two-
year neurodevelopmental outcomes as well as data on mortality.
Many factors affect the outcome in TTTS, one of which is the
Quintero stage of the disease when the intervention is performed.

The trials included in this review enrolled fetuses with largely
Quintero stage 2 to 3 disease. There were only two fetuses
enrolled with Quintero stage 4 disease in Eurofetus 2004, three
in NIHCD 2007 and two in the septostomy trial (Moise 2005),
so the numbers are too small to reach any conclusions in this
group of fetuses. There is insufficient evidence for this review to
commenton either the primary or secondary outcomes by Quintero
stage. The authors of Eurofetus 2004 suggest that staging should
not influence the choice of treatment. This is supported by the
findings of Quintero et al in a cohort study, where the relationship
between perinatal mortality and stage was shown to be less
apparent in pregnancies treated with laser photocoagulation than
amnioreduction (Quintero 2003). The authors of NIHCD 2007
suggest that the presence of TTTS cardiomyopathy has a significant
impact on recipient twin mortality.

Only one trial (Eurofetus 2004) analysed developmental outcomes
at age two and beyond. The data for survival with and without
neurological complications at six years have now been added to
the review for this 2013 update. The six-year follow-up included
256 of the 284 infants recruited to the trial, and consistent with
the overall trial results, more children had died by six years in
the amnioreduction group (73/120, 60.8%) than the laser group
(63/136, 46.3%). More babies were alive without neurological
abnormality at the age of six years in the laser group (60/132)
than in the amnioreduction group (33/114); but the proportion of
children alive at six years with neurological abnormality was very
similar in the two groups (laser 9/136 (6.6%); amnioreduction 8/114
(7.0%). It is usual for Cochrane reviews to exclude trials with an
attrition rate greater than 20%. However, these data have been
included as the attrition is secondary to death not loss to follow-up.
Neither the septostomy trial (Moise 2005) nor NIHCD 2007 has plans
to follow up survivors.

Quality of the evidence

The analyses in this review have been adjusted for clustering for
those outcomes in which it was possible to do so. This reduces the
risk of bias due to non-independence between twins. Confidence
intervals become wider with cluster analysis suggesting that the
true effect lies over a wider upper and lower value, i.e. that the
true sample size is smaller than we think because of the inclusion
of multiple pregnancies, making the estimate of effect less precise
than by unadjusted analysis. The results of the adjusted analysis

do not alter the conclusions in this review but may do if more
pregnancies are added in the future.

All three trials included in this review were stopped early. All
trials can be criticised for stopping early. This is because chance
can lead to surprisingly large differences early in a trial, which
disappear or reverse over time (Grant 2004). The process for
stopping trials due to internal reasons is well recognised and has
statistical methodology (Brocklehurst 2000). Two included studies
were stopped by independent analysts: 1) an industrial partner, not
involved in the study design or analysis of the data, in the case of the
laser coagulation study (Eurofetus 2004) and 2) a Data Monitoring
Safety (DMS) Officer in the septostomy trial (Moise 2005).

There was no formal Data Monitoring Committee mentioned for
Eurofetus 2004. There was a higher rate of survival of at least one
twinin the laser arm with a P value 0f 0.002, so the trial was stopped
according to the O'Brien-Fleming rule, with adjustment for multiple
evaluations of the data (the rule states that at the second analysis
the P value should be less than .015 in order to consider early
termination). However, whatever method is used, the estimate of
treatment effect will still be biased if a trial is stopped early.

The septostomy trial (Moise 2005) was stopped by the DMS
Officer when an interim analysis showed no difference in outcome
suggesting that the primary endpoint would not be reached.
Data monitoring committees would also take into account other
considerations, such as meta-analyses of data from comparable
trials, other existing evidence external to the trial and the nature of
the condition and its alternative treatments (Doll 2001). It is unclear
whether these were considered in either trial. These trials remain,
however, the best evidence for the treatment of TTTS currently
available.

The NIH-sponsored trial (NIHCD 2007) was stopped at the request
of the investigators after recruiting only a quarter of the sample
size (42 of 146 pregnancies required) in five years. The authors
cited the unwillingness of referring centres to refer to units where
laser photocoagulation was only available within the trial. The
authors also state that the Trial Oversight Committee noted a
statistical trend in adverse outcome affecting the recipient twin
in one treatment arm and made a recommendation to the Data
Monitoring Committee to stop the trial with which the latter agreed.
The results cannot be conclusive, particularly if many eligible
participants were not referred and had laser coagulation performed
elsewhere.

Potential biases in the review process

We are aware that the review process itself may introduce bias.
We took various steps to reduce bias; at least two review authors
independently carried out data extraction and assessed risk of
bias. If study methods or results were unclear, we attempted to
contact trial authors and several authors provided additional data
or clarified study methods.

AUTHORS' CONCLUSIONS

Implications for practice

Endoscopic laser coagulation of anastomotic vessels should
continue to be considered in the treatment of all stages of TTTS to
improve neurodevelopmental outcomes in the child.
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When compared to amnioreduction, treatment with laser
coagulation does not appear to increase or reduce the risk of overall
death (stillbirth, neonatal and post-neonatal) in this condition but it
appears to result in more children being alive without neurological
abnormality.

Amnioreduction can be retained as a treatment option for those
situations where the expertise for laser coagulation is not available,
pending transfer to a unit where such treatment can be obtained or
when the condition is diagnosed after 26 weeks of pregnancy.

Implications for research

Randomised evaluation of interventions such as septostomy, serial
amniocentesis and placental laser ablation with regard to their
respective effect on very mild forms of TTTS (Quintero stage 1) and
more severe forms (Quintero stage 4) are required.

Future studies should include an economic analysis.
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Methods

Type of study: randomised controlled trial. Method of treatment allocation: computer-generated ran-
dom sequence with randomisation allocated by a web-based system. Stratification: none stated. Sam-
ple size calculation: yes. Intention-to-treat analyses: yes. Losses to follow-up: no.

Funding: Biology, Medicine and Development contract, European Commission, Flemish Government,
French Direction de la Recherche Clinique and the 5th framework Program of the European Commis-
sion.

Participants

Location: 6 countries, 122 women from France, 13 from Belgium, 3 from the Netherlands, 2 from
Switzerland, 1 from Italy and 1 from the United States. Timeframe: January 1999 to March 2002. Inclu-
sion criteria: women presenting between 15 and 26 weeks with polyuric polyhydramnios in the recip-
ient twin, with a vertical pool of 8 cm at or before 20 weeks or 10 cm after 20 weeks with a distended
fetal bladder. Oliguric oligohydramnios in the donor twin with a deepest pool measuring 2 cm. Exclu-
sion criteria: fetal death, major fetal anomaly, ruptured membranes, maternal condition requiring de-
livery, and any previous invasive therapy for the syndrome. Total recruited: 142 women and 284 fetuses
in both arms.

Interventions

Fetoscopic laser coagulation of vessels crossing the membranes. Amniotic fluid was drained through
the cannula until the deepest pool was 5-6 cm on ultrasonography. Amnioreduction of the polyhy-
dramniotic sac under local analgesia, with an 18-gauge needle and either syringe aspiration or wall
suction. Amniotic fluid was drained until the deepest pool was 5-6 cm. Amnioreduction was repeated
whenever polyhydramnios recurred.

Prophylactic tocolytics and antibiotics administered prophylactically. Women kept in hospital for
24-48 hours after the procedure, then seen weekly for ultrasound follow-up.

Outcomes Primary outcomes: perinatal survival of at least 1 twin, survival of at least 1 twin to 7-12 months and
neurologic complications at 7-12 months of age. Other outcomes: maternal complications (placen-
tal abruption, intra-abdominal haemorrhage, or leakage of amniotic fluid with peritoneal irritation,
chorioamnionitis, amniotic fluid embolus) and fetal complications.

Notes Interim analyses: 2 planned (after the inclusion of 72 and 144 women) to evaluate the rates of survival
of at least one twin to discharge from NICU - an end point considered more clinically relevant than sur-
vival at 28 days. First interim analysis did not reveal any differences between the groups. The second
showed a significantly higher rate of survival of at least one twin to discharge from NICU, so the trial
was stopped according to the O'Brien-Fleming stopping rule for discontinuing enrolment.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random sequence with randomisation allocated by a

tion (selection bias) web-based system.

Allocation concealment Low risk Computer-generated random sequence with randomisation allocated by a

(selection bias) web-based system.

Blinding of participants Low risk "For practical reasons the treating perinatologist was not blinded to therapy",

and personnel (perfor- however, the main survival outcomes are not likely to have been influenced by

mance bias) lack of blinding.

All outcomes

Blinding of outcome as- Low risk "Outcomes were assigned by one neonatologist who had no knowledge of the

sessment (detection bias) assigned treatment."

All outcomes

Incomplete outcome data  Low risk Intention-to-treat analyses: yes. Losses to follow-up: no.

(attrition bias)
All outcomes
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Eurofetus 2004 (continued)

Selective reporting (re- Low risk All pre-specified outcomes reported.
porting bias)

Other bias Low risk This trial was stopped after the second interim analysis showed a higher rate
of survival of at least one twin in the laser arm. The trial quoted the O'Brien-
Fleming rule for stopping.

Moise 2005

Methods Type of study: randomised controlled trial.
Method of treatment allocation: computer-generated randomisation with block size of 10 using a web-
based system. Stratification: none used.
Sample size calculation: yes. Intention-to-treat analysis: yes.
Losses to follow-up: 2 women (3%) were lost to follow-up in the septostomy arm.
Funding: none mentioned.

Participants Location: University of North Carolina.
Timeframe: September 1997 to July 2002.
Inclusion criteria: women with monochorionic twin gestations less than 24 weeks, polyhydramnios in
one amniotic cavity (deepest vertical pool> 8 cm at <20 weeks, > 10 cm at 20-22 weeks and > 12 cm af-
ter 22 weeks) and oligohydramnios in the second amniotic cavity (deepest vertical pool <2 cm). Exclu-
sion criteria: fetal structural abnormalities, premature contractions associated with cervical change,
premature rupture of membranes, suspected chorioamnionitis, or other indications for delivery. Total
recruited: 73 women and 146 fetuses in both arms.

Interventions Purposeful perforation of the inter twin membrane under ultrasound guidance with a 22-gauge needle,
from the donor sac into the recipient twin's amniotic cavity. Repeat septostomy, with or without am-
nioreduction was performed if re-accumulation of the amniotic fluid in the donor twin's amniotic cavi-
ty did not occur. Cross-over to amnioreduction arm was allowed if oligohydramnios had not resolved in
the donor twin's sac or if the deepest vertical pool in the recipient twin's sac had increased by 30% over
baseline value. Salvage amnioreduction at the time of septostomy was performed if maternal symp-
toms were present.

Amnioreduction of the recipient amniotic sac using a 18-gauge needle, connected either to wall suction
or a syringe attached to extension tubing. Fluid was removed until the deepest pool was less than or
equal to 6 cm or 5 L was removed. Amnioreduction was repeated if there was excessive uterine activity,
maternal respiratory compromise or polyhydramnios recurred.

Outcomes Primary outcomes: at least 1 infant surviving until hospital discharge.

Notes Interim analysis: planned at the midway point using O'Brien-Fleming stopping rule for discontinuing
enrolment.

The trial was stopped by the Data Safety Monitoring Officer after the interim analysis because of slow-
er than projected enrolment and almost identical perinatal mortality in either arm of the trial making it
unlikely that the primary end point might be achieved.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomisation with block size of 10 using a web-based

tion (selection bias) system.

Allocation concealment Low risk Computer-generated randomisation with block size of 10 using a web-based

(selection bias) system.
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Blinding of participants Low risk Not possible, the main survival outcomes are not likely to have been influ-
and personnel (perfor- enced by lack of blinding.
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Not reported.

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Intention-to-treat analysis: yes.

(attrition bias) Losses to follow-up: 2 women (3%) were lost to follow-up in the septostomy

All outcomes arm.

Selective reporting (re- Low risk All expected pre-specified outcomes reported.

porting bias)

Other bias Low risk This trial was stopped early on the basis of interim analysis. The recruitment
rate to the trial was slower than predicted and it was felt that the primary end
point would not be achieved. This trial quoted the O'Brien-Fleming rule for
stopping.

NIHCD 2007
Methods Prospective, randomised, multicentre trial.

Participants

Location: multicentre trial across 11 centres in USA.

Inclusion criteria: with monochorionic diamniotic twin pregnancy less than 22 weeks' gestation with
oligohydramnios in the donor twin (deepest vertical pool no more than 2 cm) and polyhydramnios
(deepest vertical pool of > 8 cm) with or without Doppler or echocardiographic changes in the recipient
twin. Decompressed bladder in donor unless Doppler velocimetry changes and/or echocardiographic
changes already present.

Exclusion criteria: randomisation after 24 weeks, cervical length <2 cm, presence of cervical cerclage,
uterine anomaly, refusal to accept randomisation, inability to pursue prenatal care at an approved cen-
tre coordinated by one of the participating institutions, inability to pursue postnatal evaluation at a
NIHCD Neonatal Research Network Institution. Number required: 150 women.

Interventions

Amnioreduction, n =20 women.
Selective fetal laser photocoagulation, n =20 women.

Outcomes Primary outcomes: survival of at least 1 twin at 30 days after birth and no treatment failure.
Secondary outcomes: survival times of each twin in utero or after birth, gestational age at delivery, pla-
cental insufficiency, echocardiographic evidence of cardiac compromise, evidence of brain injury pre-
ceding birth by magnetic resonance imaging, postnatal co-morbidity.

Notes This trial was stopped early after recruiting only a quarter of the sample size (42 pregnancies) in five
years.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported.

tion (selection bias)

Allocation concealment Low risk Randomisation was centralised via faxed case report forms and stratified by

(selection bias) cluster and gestational age group.
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NIHCD 2007 (Continued)

Blinding of participants Low risk Not possible, the main survival outcomes are not likely to have been influ-
and personnel (perfor- enced by lack of blinding.
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not reported.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Intention-to-treat analyses: yes. Losses to follow-up: 43 of 58 eligible cases

(attrition bias) consented to randomisation, 1 withdrew, 42(21.4% of original screened) were

All outcomes randomised, 1 dropped out of each arm leaving 20 in the AR arm and 20 in the
SFLP arm.

Selective reporting (re- Low risk All expected outcomes reported.

porting bias)

Other bias Unclear risk The trial was stopped early after 42 participants were randomised (only a
quarter of sample size), at the request of the investigators and the Trial Over-
sight Committee. Evaluation of all adverse events detected a statistical trend
in adverse outcome affecting the recipient twin in 1 treatment arm.

AR: amnioreduction
NICU: neonatal intensive care unit
SFLP: selective fetal laser photocoagulation

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Soothill 2000 Observational study of twins without therapeutic comparison groups.
Sutcliffe 2000 Study not completed due to difficulty with recruitment. Observational data with no therapeutic

comparison groups available.

Characteristics of ongoing studies [ordered by study ID]

Slaghekke 2008
Trial name or title Solomon study.
Methods Multicentre, parallel group, randomised controlled trial.
Participants All twin-to-twin transfusion syndrome pregnancies eligible for laser surgery up to 26 weeks' gesta-
tion.
Exclusion criteria: triplet pregnancies; language problems for informed consent.
Interventions 'Solomon laser-technique', in which the entire vascular equator is coagulated compared to the 'se-
lective laser-technique' in which only the identifiable vascular anastomoses are coagulated.
Outcomes Primary outcomes: Prevalence of TAPS; recurrence of TTTS.
Secondary outcomes: Residual anastomoses on placental injection; perinatal mortality; neonatal
morbidity.
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Slaghekke 2008 (continued)

Follow-up of TTTS survivors will be 2 years.

Starting date 15 March 2008.
Contact information Dr F Slaghekke, Leiden University Medical Center, Department of Obstetrics and Fetal Medicine.
Notes Planned closing date: 15 March 2010.

TAPS: twin anaemia-polycythaemia sequence
TTTS: twin-twin transfusion syndrome

DATA AND ANALYSES

Comparison 1. Septostomy versus amnioreduction

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Overall death adjusted for cluster- 1 Risk Ratio (Fixed, 95% CI) 0.83[0.47, 1.47]

ing

2 Death of at least one infant per 1 71 Risk Ratio (M-H, Fixed, 95% 0.8[0.48,1.35]

pregnancy cl)

3 Death of both infants per pregnancy 1 71 Risk Ratio (M-H, Fixed, 95% 0.9[0.37,2.22]
Cl)

4 Gestational age at birth (weeks) 1 71 Mean Difference (1V, Fixed, 1.20[-0.81, 3.21]
95% Cl)

Analysis 1.1. Comparison 1 Septostomy versus amnioreduction, Outcome 1 Overall death adjusted for clustering.

Study or subgroup Septostomy amniore- log[Risk Risk Ratio Weight Risk Ratio
duction Ratio]
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

Moise 2005 1 1 -0.2(0.29) B 100% 0.83[0.47,1.47]
Total (95% Cl) * 100% 0.83[0.47,1.47]
Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.64(P=0.52) ‘

Favours septostomy ~ 0.001 0.1 1 10 1000 Favours AR
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Analysis 1.2. Comparison 1 Septostomy versus amnioreduction,
Outcome 2 Death of at least one infant per pregnancy.

Study or subgroup Septostomy Amniore- Risk Ratio Weight Risk Ratio
duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Moise 2005 14/35 18/36 —.‘— 100% 0.8[0.48,1.35]
Total (95% Cl) 35 36 * 100% 0.8[0.48,1.35]

Total events: 14 (Septostomy), 18 (Amnioreduction) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.84(P=0.4) ‘

1

Favours septostomy 01 02 0.5 2 5 10 FavoursAR

Analysis 1.3. Comparison 1 Septostomy versus amnioreduction, Outcome 3 Death of both infants per pregnancy.

Study or subgroup Septostomy Amniore- Risk Ratio Weight Risk Ratio
duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Moise 2005 7/35 8/36 - B 100% 0.9(0.37,2.22]
Total (95% Cl) 35 36 ¢ 100% 0.9[0.37,2.22]

Total events: 7 (Septostomy), 8 (Amnioreduction) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.23(P=0.82) ‘

1

2 5 10 Favours AR

Favours septostomy 01 0.2 0.5

Analysis 1.4. Comparison 1 Septostomy versus amnioreduction, Outcome 4 Gestational age at birth (weeks).

Study or subgroup Septostomy Amnioreduction Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% CI
Moise 2005 35 30.7(5) 36 29.5(3.5) “ 100% 1.2[-0.81,3.21]
Total *** 35 36 ﬁ‘ 100% 1.2[-0.81,3.21]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=1.17(P=0.24) ‘
Favours septostomy -10 -5 0 5 10 FavoursAR
Comparison 2. Endoscopic laser surgery versus amnioreduction
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Overall death adjusted for clustering 2 Risk Ratio (Random, 95% 0.87[0.55, 1.38]
Cl)
2 Alive without neurological complica- 1 Risk Ratio (Fixed, 95% Cl) 1.57[1.05, 2.34]
tions at 6 years adjusted for clustering
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

3 Alive with major neurological compli- 1 Risk Ratio (Fixed, 95% Cl) 0.97[0.34, 2.77]

cations at 6 years adjusted for clustering

4 Death of at least one infant per preg- 2 182 Risk Ratio (M-H, Fixed, 0.91[0.75, 1.09]

nancy 95% Cl)

5 Death of both infants per pregnancy 2 182 Risk Ratio (M-H, Random, 0.76 [0.27, 2.10]
95% Cl)

6 Preterm labour within 48 hours of pro- 1 142 Risk Ratio (M-H, Fixed, 1.94[0.18, 20.96]

cedure 95% Cl)

7 Rupture of membranes within 48 1 142 Risk Ratio (M-H, Fixed, 1.35[0.71, 2.54]

hours of procedure 95% Cl)

8 Mechanical ventilation 1 Risk Ratio (Fixed, 95% Cl) 0.79[0.44, 1.43]

9 Need for blood transfusion within 48 1 Risk Ratio (Fixed, 95% Cl) 0.45[0.15, 1.31]

hours of delivery adjusted for clustering

10 Intraventricular haemorrhage grade 1 284 Risk Ratio (M-H, Fixed, 0.2410.05, 1.12]

/v 95% Cl)

11 Maternal death 2 Risk Ratio (M-H, Fixed, Subtotals only
95% Cl)

12 Admission to intensive care unit for 1 Risk Ratio (M-H, Fixed, Subtotals only

procedure-related reasons

95% Cl)

Analysis 2.1. Comparison 2 Endoscopic laser surgery versus
amnioreduction, Outcome 1 Overall death adjusted for clustering.

Study or subgroup Endoscop- Amniore- log[Risk Risk Ratio Weight Risk Ratio
ic laser duction Ratio]
N N IV, Random, 95% CI IV, Random, 95% CI
Eurofetus 2004 1 1 -0.3(0.132) 58.44% 0.71[0.55,0.92]
NIHCD 2007 0 0 0.1(0.237) — 41.56% 1.15[0.72,1.83]
Total (95% Cl) P 100% 0.87[0.55,1.38]
Heterogeneity: Tau?=0.08; Chi*=3.13, df=1(P=0.08); 1>=68.05%
Test for overall effect: Z=0.59(P=0.55)
Favours laser 01 02 1 2 5 10 Favours AR
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Analysis 2.2. Comparison 2 Endoscopic laser surgery versus amnioreduction,
Outcome 2 Alive without neurological complications at 6 years adjusted for clustering.

Study or subgroup Endoscop- Amniore- log[Risk Risk Ratio Weight Risk Ratio
ic laser duction Ratio]
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
Eurofetus 2004 1 1 0.5 (0.204) - 100% 1.57[1.05,2.34]
Total (95% Cl) P 100% 1.57[1.05,2.34]
Heterogeneity: Not applicable
Test for overall effect: Z=2.21(P=0.03)
Favours AR 0.2 0.5 1 2 5 Favours laser

Analysis 2.3. Comparison 2 Endoscopic laser surgery versus amnioreduction, Outcome
3 Alive with major neurological complications at 6 years adjusted for clustering.

Study or subgroup Endoscop- Amniore- log[Risk Risk Ratio Weight Risk Ratio
ic laser duction Ratio]
N N (SE) 1V, Fixed, 95% CI IV, Fixed, 95% CI

Eurofetus 2004 1 1 -0(0.534) el 100% 0.97[0.34,2.77]
Total (95% CI) * 100% 0.97[0.34,2.77]
Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.05(P=0.96) ‘

Favours laser ~ 0-001 0.1 1 10 1000 Favours AR

Analysis 2.4. Comparison 2 Endoscopic laser surgery versus
amnioreduction, Outcome 4 Death of at least one infant per pregnancy.

Study or subgroup Endoscop- Amniore- Risk Ratio Weight Risk Ratio
ic laser duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eurofetus 2004 46/72 52/70 ' 77.85% 0.86[0.69,1.07]
NIHCD 2007 16/20 15/20 —— 22.15% 1.07[0.76,1.49]
Total (95% Cl) 92 90 <& 100% 0.91[0.75,1.09]

Total events: 62 (Endoscopic laser), 67 (Amnioreduction)
Heterogeneity: Tau?=0; Chi*=1.13, df=1(P=0.29); 1>=11.21%
Test for overall effect: Z=1.04(P=0.3)

Favours laser 01 0.2 0.5 1 2 5 10 Favours AR

Analysis 2.5. Comparison 2 Endoscopic laser surgery versus
amnioreduction, Outcome 5 Death of both infants per pregnancy.

Study or subgroup Laser Amniore- Risk Ratio Weight Risk Ratio
duction
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Eurofetus 2004 17/72 34/70 —B— ‘ 58.17% 0.49[0.3,0.79]
Favours laser 0.1 02 05 1 2 5 10 Favours AR
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Study or subgroup Laser Amniore- Risk Ratio Weight Risk Ratio
duction
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
NIHCD 2007 7/20 5/20 —— 41.83% 1.4[0.53,3.68]
Total (95% Cl) 92 90 —li— 100% 0.76[0.27,2.1]
Total events: 24 (Laser), 39 (Amnioreduction)
Heterogeneity: Tau?=0.41; Chi*=3.69, df=1(P=0.05); 1>=72.93%
Test for overall effect: Z=0.53(P=0.59)
Favours laser 0102 05 1 2 5 10 Favours AR

Analysis 2.6. Comparison 2 Endoscopic laser surgery versus
amnioreduction, Outcome 6 Preterm labour within 48 hours of procedure.

Study or subgroup Endoscop- Amniore- Risk Ratio Weight Risk Ratio
ic laser duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eurofetus 2004 272 1/70 —_— 100% 1.94[0.18,20.96]
Total (95% CI) 72 70 e 100% 1.94[0.18,20.96]
Total events: 2 (Endoscopic laser), 1 (Amnioreduction)
Heterogeneity: Not applicable
Test for overall effect: Z=0.55(P=0.58)
Favours laser  0.01 0.1 1 10 100

Favours amnioreduction

Analysis 2.7. Comparison 2 Endoscopic laser surgery versus amnioreduction,
Outcome 7 Rupture of membranes within 48 hours of procedure.

Study or subgroup Endoscop- Amniore- Risk Ratio Weight Risk Ratio
ic laser duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eurofetus 2004 18/72 13/70 B 100% 1.35(0.71,2.54]
Total (95% CI) 72 70 100% 1.35[0.71,2.54]

Total events: 18 (Endoscopic laser), 13 (Amnioreduction)
Heterogeneity: Not applicable
Test for overall effect: Z=0.92(P=0.36)

Favours laser

T
|
\

0.01 0.1

10 100 Favours amnioreduction

Analysis 2.8. Comparison 2 Endoscopic laser surgery versus amnioreduction, Outcome 8 Mechanical ventilation.
Study or subgroup Endoscop- Amniore- log[Risk Risk Ratio Weight Risk Ratio
ic laser duction Ratio]
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
Eurofetus 2004 1 1 -0.2 (0.304) . 100% 0.79[0.44,1.43]
Total (95% Cl) < 100% 0.79[0.44,1.43]

Favours treatment

0.001 0.1 1

10 1000 Favours control
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Study or subgroup Endoscop- Amniore- log[Risk Risk Ratio Weight Risk Ratio
ic laser duction Ratio]
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z=0.78(P=0.44)

Favours treatment ~ 0-001 0.1 1 10 1000 Favours control

Analysis 2.9. Comparison 2 Endoscopic laser surgery versus amnioreduction, Outcome
9 Need for blood transfusion within 48 hours of delivery adjusted for clustering.

Study or subgroup Endoscop- Amniore- log[Risk Risk Ratio Weight Risk Ratio
ic laser duction Ratio]
N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI
Eurofetus 2004 1 1 -0.8(0.546) — 100% 0.45[0.15,1.31]
Total (95% Cl) - 100% 0.45[0.15,1.31]
Heterogeneity: Not applicable
Test for overall effect: Z=1.46(P=0.14)
Favours treatment ~ 0.001 0.1 1 10 1000 Favours control

Analysis 2.10. Comparison 2 Endoscopic laser surgery versus
amnioreduction, Outcome 10 Intraventricular haemorrhage grade IlI/IV.

Study or subgroup Endoscop- Amniore- Risk Ratio Weight Risk Ratio
ic laser duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total (95% Cl) 144 140 100% 0.24[0.05,1.12]

Total events: 2 (Endoscopic laser), 8 (Amnioreduction)
Heterogeneity: Not applicable
Test for overall effect: Z=1.81(P=0.07)

Eurofetus 2004 2/144 8/140 e 100% 0.24[0.05,1.12]
—~e—

Favours laser 001 0.1 1 10 100 Favours AR

Analysis 2.11. Comparison 2 Endoscopic laser surgery versus amnioreduction, Outcome 11 Maternal death.

Study or subgroup Endoscop- Amniore- Risk Ratio Weight Risk Ratio
ic laser duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eurofetus 2004 0/70 0/72 Not estimable
NIHCD 2007 0/20 0/20 Not estimable
Favours treatment ~ 0-01 0.1 1 10 100 Favours control
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Analysis 2.12. Comparison 2 Endoscopic laser surgery versus amnioreduction,
Outcome 12 Admission to intensive care unit for procedure-related reasons.

Study or subgroup Endoscop- Amniore- Risk Ratio Weight Risk Ratio
ic laser duction
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eurofetus 2004 0/70 0/72 Not estimable
Favours treatment ~ 0-01 0.1 1 10 100 Favours control

APPENDICES

Appendix 1. Search methods used in previous versions of the review

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register by contacting the Trials Search Co-ordinator (January 2008).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is maintained by the Trials Search Co-ordinator and contains trials identified
from:

quarterly searches of the Cochrane Central Register of Controlled Trials (CENTRAL);

weekly searches of MEDLINE;

handsearches of 30 journals and the proceedings of major conferences;

weekly current awareness alerts for a further 44 journals plus monthly BioMed Central email alerts.

> wnN e

Details of the search strategies for CENTRAL and MEDLINE, the list of handsearched journals and conference proceedings, and the list of
journals reviewed via the current awareness service can be found in the ‘Specialized Register’ section within the editorial information
about the Cochrane Pregnancy and Childbirth Group.

Trials identified through the searching activities described above are each assigned to a review topic (or topics). The Trials Search Co-
ordinator searches the register for each review using the topic list rather than keywords.

In addition, we searched the Cochrane Central Register of Controlled Trials (The Cochrane Library 2007, Issue 4) using the following search
strategy:

We did not apply any language restrictions.

TWIN-TWIN

(TWIN near TRANSFUSION)

SEPTOSTOMY

((LASER next COAGULATION) and TWIN-TWIN)
(FETO-FETAL next TRANSFUSION)

(FOETO-FOETAL next TRANSFUSION)

AMNIOREDUCTION

AMNIODRAINAGE

. ((LASER next ABLATION) and TWIN-TWIN)

10.((((((((#1 or #2) or #3) or #4) or #5) or #6) or #7) or #8) or #9)

W N W

We also searched the following conference proceedings in February 2007:
British Maternal and Fetal Medicine Society; Annual Clinical Meeting of the Society for Maternal and Fetal Medicine; International Society
for Ultrasound in Obstetrics & Gynaecology and World Congress of Obstetrics and Gynaecology.

We made personal contact with experts or institutions active in the area.
We did not apply any language restrictions.
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Date Event

Description

31 May 2013 New search has been performed

Search updated - five trial reports identified. These included two
additional reports for Eurofetus 2004 and two additional reports
for NIHCD 2007. One trial is ongoing (Slaghekke 2008).

Methods updated. Outcomes re-defined.

This updated review now contains three included studies (involv-
ing 253 women), two excluded studies and one ongoing study.

31 May 2013 New citation required and conclusions

have changed

The NIHCD 2007 trial (which was previously awaiting assess-
ment) has now been included.

There are now long-term data included for one already included
study (Eurofetus 2004). At six-years follow-up more babies were
alive without neurological abnormality in the laser group than in
the amnioreduction group. Overall death and death of both in-
fants per pregnancy are now not significantly different between
laser and amnioreduction groups.

HISTORY

Protocol first published: Issue 2, 2000
Review first published: Issue 1, 2001

Date Event

Description

10 April 2008 New search has been performed

Search updated in January 2008. No new trials identified.

We changed the statistical method from odds ratio to risk ratio
for outcomes 1.4 and 2.5 in keeping with the statistical methods
for all other outcomes.

11 February 2008 Amended

Converted to new review format.

22 October 2007 New citation required and conclusions Substantive amendment
have changed
22 October 2007 New search has been performed The original review did not contain any data from completed tri-

als. We updated the search in February 2007 and added the da-
ta from two trials now published (Eurofetus 2004; Moise 2005).
We updated the search in October 2007 just before submission
for publication and identified a published report for the NIHCD
2007a ongoing study. The outcomes from this trial have not been
included in this review but the study is awaiting assessment
pending further communication with authors.

The results of the review cannot be conclusive as the included
trials are small and no meta-analysis is available at the moment.
The findings would, however, support the use of endoscopic
laser coagulation in the treatment of twin-twin transfusion syn-
drome to improve perinatal outcome. There does not appear to
be a difference in perinatal outcome between amnioreduction
and septostomy.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Methods updated. Primary and secondary outcomes were re-defined for the 2014 update. The number of perinatal and neonatal mortality
outcomes were reduced for the 2014 update (deleted the following: stillbirth; fetal survival per pregnancy; perinatal death; early or late
neonatal death). A number of other outcomes were deleted from the review (first intervention to delivery time; need for a combination
of therapies; type of anaesthesia; fetal haemoglobin discordance at birth; ventriculomegaly; intraventricular haemorrhage: any grade;
cystic periventricular leukomalacia; admitted to neonatal intensive care unit; tocolysis; amniotic fluid embolism; placental abruption;
chorioamnionitis; intraperitoneal bleeding; relief of symptoms; maternal satisfaction with procedure; termination of pregnancy (not a
prespecified outcome).

INDEX TERMS

Medical Subject Headings (MeSH)

Amniocentesis [methods]; Amnion [surgery]; Fetofetal Transfusion [mortality] [*therapy]; Laser Coagulation; Perinatal Mortality;
Pregnancy Reduction, Multifetal [methods]; Punctures; Randomized Controlled Trials as Topic

MeSH check words

Female; Humans; Pregnancy
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