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PART ONE

General Introduction
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Figure 1 Overview of distribution and developement of different tyes of twin gestations.
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Twin pregnancies occur in approximately 2% of all pregnancies in the Netherlands.[1] As
shown in figure 1, two-third of these pregnancies result in dizygotic- or non-identical twins
and one-third result in monozygotic- or identical twins. Dizygotic twins develop from two
fertilized eggs and generally have their own placenta and membranes and are thus always
dichorionic. Monozygotic twin pregnancies develop from one fertilized egg and chorionicity
and amnionicity depend on the moment of division into two embryos. When division occurs
within three days after fertilization, the pregnancy will develop into dichorionic twins. This
group accounts for approximately 33% of monozygotic twin pregnancies. In about 77%
of all monozygotic twins, division takes place between 3 and 8 days after fertilization
which leads to a monochorionic (MC) diamniotic twin pregnancy. These pregnancies are
characterized by two fetuses with their own amniotic sac, sharing one placenta and
chorionic sac. A small group of monozygotic twins, less than 1%, divide after 8 days and
develop into monochorionic monoamniotic (MA) twins, sharing both the placenta, chorionic-
and amniotic sac.

Figure 2 Photo of a monochorionic twin placenta showing different types of anastomoses. AA = arterio-arterial
anstomoses, AV = arterio-venous anastomoses.

Compared to singleton pregnancies, twin pregnancies have a higher risk of developing
complications. The risk of adverse pregnancy outcome in monochorionic twins is twice as
high as dichorionic twins and even four times as high as singleton pregnancies. A perinatal




mortality rate of approximately 11% has been reported.[2, 3] This increased risk is attributed
to the presence of a shared blood circulation. The monochorionic twin placenta, shared
by both twins, is characterized by superficial vascular anastomoses.[3] These are direct
connections of blood vessels from both fetuses (figure 2). Three types of placental
anastomoses can be distinguished, artery-to-vein (AV), artery-to-artery (AA) and vein-to-vein
(VV). Direction of flow over an anastomosis is dependent on the pressure gradient. When
an artery (high pressure) is connected to a vein (Lower pressure), blood will flow in the
direction of the vein. With AA or VV anastomoses, the flow can be bidirectional. In most
monochorionic twin pregnancies the net flow from one fetus to the other is balanced but
in about 10%, at some point during gestation, an imbalance occurs leading to twin-twin
transfusion syndrome (TTTS).

Imbalanced blood flow over one or more anastomoses, in time, leads to hypovolemia with
subsequent oligohydramnios in the donor twin, and hypervolemia with polyhydramnios in
the recipient twin (figure 3). TTTS is detected on ultrasound scans based on the twin

Figure 3a Schematic drawing of a TTTS complicated monochorionic twin pregnancy describing the diagnostic
features. R represents the recipient twin, D is the donor twin.



Normal monochorionic twin pregnancy

Twin-twin transfusion syndrome complicated pregnancy
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Figure 3b Schematic drawing of a normal monochorionic twin pregnancy and a TTTS complicated pregnancy.
The arrows represent the amount of flow over the anastomoses. R represents the recipient twin, D is the donor
twin.

oligo-polyhydramnios sequence. Further ultrasound staging of the disease is based on
identification of the donor bladder, abnormal flow in the umbilical artery, fetal hydrops and
single fetal demise. Adverse perinatal outcome in TTTS is mainly attributed to intrauterine
death due to heart failure, and premature birth due to rupture of membranes or cervical
shortening. Untreated TTTS is associated with a perinatal mortality rate between 80%
and 100%.14] In the Netherlands, approximately 775 monochorionic twin pregnancies are
seen yearly. With an incidence of about 10%, each year on average 77 cases of TTTS
need treatment.[1] Until two and a half decades ago symptomatic treatment by (serial)
amniodrainage, where amniotic fluid is drained from the amniotic sac of the recipient,
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decreasing pressure and maternal discomfort, was the only option. In 1990, doctor De Lia
was the first to describe fetoscopic laser surgery as a causal treatment strategy for TTTS.
(5]

LASER SURGERY

Fetoscopic laser surgery is considered the ‘gold standard’ for treating TTTS. The rationale of
this procedure is to divide both fetal circulations by occluding all vascular anastomoses on
the placental surface. This is done by introducing a small endoscope, usually with a diameter

Figure 4 Fetoscopic laser surgery for TTTS




of 3-4mm, through the maternal abdominal- and uterine wall into the amniotic sac of the
recipient twin (figure 4). With this endoscope the vascular equator (the line that divides
the placenta at the point where all anastomoses meet) is identified and all anastomoses
are first selectively coagulated with a high powered medical laser. Subsequently, a line is
drawn from one placenta margin to the other along the vascular equator connecting all
coagulated anastomoses making sure even the smallest anastomoses are lasered.[6] Finally,
excessive amniotic fluid is drained from the recipient amniotic sac by amniodrainage until a
deepest vertical pool of 6-7cm is achieved. In general, the procedure is performed under
local anesthesia with sedation of the mother.

Compared to (serial) amnioreduction fetoscopic Laser surgery improved perinatal survival of
both fetuses from 26% up to 65% and survival of at least one fetus from 51% up to 88%.[7,
8] However still, of all surviving children, 6-18% show neurodevelopmental complications
and 4-16% show signs of cerebral injury.[9, 101 It is evident that still room for improvement
in outcome exists. Gaining better insight in all steps and technical aspects of the procedure

might help bringing outcomes to an even higher level.

Different types of endoscopes are used for laser surgery for TTTS. Semi rigid fiberscopes
(1-2.2mm) with a remote eye-piece, through an operating sheath with a working channel
that allows for a 400-600um Llaser fiber are mainly used. Currently 3.3mm endoscopes
with integrated fiber optic and two working channels are gaining popularity (figure 5). Scopes
or working channels are available straight or curved, curved scopes allow for increased
maneuverability and better access to the anastomoses in case of anterior placenta position.

[11]
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Figure 5 Karl Storz Miniature Straight Forward telescope 0° 11506AAK and the Miniature Curved Forward
Telescope 0° 11508AAK. Both with a 4 Fr. and a 3 Fr. working chanel.



Laser types that are used for fetoscopic laser surgery for TTTS are mainly Nd:YAG
(neodymium-doped ytrium aluminium garnet; Nd:Y3AL5012) with a 1064nm wavelength or
a 940nm wavelength diode laser. Both laser types have similar absorption characteristics
for hemoglobin and water (figure 6) that make them ideal for coagulation of blood vessels
and highly perfused tissue. Both are continuously emitting laser systems with a power range
of up to 80-100 Watt. The optical penetration depth of the photons emitted by the diode
laser is substantially lower than that of the Nd:YAG laser.[12] Another laser type that is
sometimes used is potassium titanyl phosphate (KTiOPO,) or KTP laser with a wavelength
532nm. Laser power is one of the variables that can be adjusted by the operator and
determines the amount of energy in Joule that is delivered per second. A certain amount
of focused laser energy is needed for successful coagulation of a vessel. This amount is
highly dependent on the diameter of the vessel, the flow in the vessel and the distance
between the laser tip and the vessel wall. Another factor that is thought to significantly
impact the energy needed for coagulation is the angle at which the laser fiber is aimed at
the vessel.[13] Although the vessel is bulging up from the placental surface, a perpendicular
approach is desirable.
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Figure 6 Absorption coefficients of water (H,0), hemoglobin (Hb) and oxygenated hemoglobin (HbO) for
different laser wavelengths and types (KTP, Nd:YAG and Diode)

Over the years' different laser techniques have been described and used. The rationale for
the selective laser techniquell4], now adopted by most fetal treatment centers, is to save
as much functioning placenta tissue as possible by coagulating only true inter-twin vascular

anastomoses, instead of every vessel crossing the membranous equator, as was commonly



done in the early years. Sequential selective laserll5] is an adaptation of this technique
whereby anastomoses are coagulated in a specific order. The theoretical aim is to obliterate
the anastomoses in a sequence that allows, at least partly, an inter-operative correction
of the hypoperfusion of the donor and hyperperfusion of the recipient.[16] Recently an
international multi-center randomized controlled trial showed that an adaptation of the
selective technique, called the Solomon technigue, lead to a significant reduction of
recurrence of TTTS and post laser twin anemia polycythemia sequence (TAPS).[6] With this
technique, in addition to selectively coagulating all anastomoses, a line is drawn with the
laser from one placenta margin to the other connecting all laser spots.

Training a new generation of fetal therapists for laser surgery for TTTS is challenging, even
in large centers the annual number of procedures is low and gaining supervised hands-on
experience is difficult. For centers starting up a laser program this problem is even bigger
since, most often, a local experienced mentor is lacking and surgeons in training need to
travel to an established center in order to get some experience. Therefore, we set out
to develop a standardized training program for fetoscopic laser surgery on a high fidelity
fetoscopy simulator model and an evidence based procedure specific evaluation tool.

Technical aspects of laser surgery for Twin-Twin Transfusion Syndrome. Fetoscopic laser
surgery is currently considered the best treatment strategy for TTTS and is gaining
popularity worldwide. It has evident advantages over alternative treatments such as serial
amniodrainage.[7] Although perinatal outcome has advanced significantly, still room for
improvement exists. In this thesis we evaluate current practice and investigate different
techniques and technical aspects of the procedure and its impact on perinatal outcome.
Furthermore, we propose a standardized tool that will aid training the next generation of
fetal therapists performing laser surgery for TTTS.



Chapter 1: A systematic review of perinatal survival after laser surgery for TTTS over a
25-year period, comparing outcomes of the early years to the current practice.

Chapter 2: A survey amongst 64 established fetal therapy centers worldwide performing
laser surgery for TTTS. Analyzing differences in approach, technique and equipment.

Chapter 3: A systematic review and meta-analysis evaluating efficacy of the sequential
laser technique for TTTS compared to the standard selective laser technique.

Chapter 4: This study investigates risk factors for extensive post-partum placental damage
after laser surgery for TTTS and its impact on different outcome measures.

Chapter 5: An experimental study using an ex-vivo perfused human placenta model to
evaluate the impact of different laser power settings and firing angle on coagulation
efficiency in laser treatment for TTTS.

Chapter 6: A Delphi consensus study among established fetal therapists to identify the
essential steps of laser surgery for TTTS. The consensus outcome was used to develop an
evidence based evaluation tool for fetal surgeons.

Chapter 7: A study assessing inter-observer reliability and construct validity of the
procedure specific evaluation tool described in chapter 7.

Chapter 8: A pilot randomized trial evaluating the effect of standardized training for
fetoscopic laser surgery using the previously described evaluation tool

In the summary and general discussion, the most important findings of this thesis are
outlined and future perspectives are discussed.
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Chapter 1

Twenty-Five Years of Fetoscopic Laser Coagulation |
in Twin-Twin Transfusion Syndrome:
A Systematic Review




Objective

The aim of this study was to assess the perinatal outcome of pregnancies with twin-twin
transfusion syndrome (TTTS) treated with laser therapy over the past 25 years, and in
relation to different technigues used in this time period.

Methods

A systematic review of studies reporting on perinatal outcome according to the Meta-
Analysis of Observational Studies in Epidemiology (MOOSE) guidelines was conducted.
The MEDLINE, Embase and Cochrane Library databases were systematically searched.
Comparisons were made in respect to time period and laser technique.

Results

In total, 34 studies reporting on 3,868 monochorionic twin pregnancies were included.
The mean survival of both twins increased from 35 to 65% (p = 0.012) and for at least one
twin from 70 to 88% (p = 0.009) over the past 25 years. Mean gestational age at birth
remained stable over the years at 32 weeks gestation. Also, we showed a significantly
improved perinatal survival with the evolution of the laser technique from non-selective
to selective, selective sequential and the Solomon technigue (p = 0.010).

Discussion

Since the introduction of laser therapy for TTTS more than two decades ago, perinatal
survival improved significantly. Improved outcome is probably associated with several
factors, including evolution of the laser technique, learning curve effect, better referral
and improved early neonatal care.



Monochorionic twin pregnancies are at a 10% risk of developing twin-twin transfusion
syndrome (TTTS) [1, 2] due to vascular anastomoses on a shared placenta. Before De Lia
et al. [3] proposed fetoscopic laser coagulation of the placental vessels in 1990, serial
amnioreduction was considered the only treatment option of polyhydramnios, the most
prominent feature of TTTS. Serial amnioreduction was associated with mortality rates
up to 60%, a median gestational age (GA) at delivery around 28 weeks and up to 50%
severe neurodevelopment impairment in survivors [4]. Survival significantly improved after
the introduction of laser coagulation by addressing the cause of the problem, making
it the accepted treatment of choice for TTTS [5]. However, results are still far from
satisfactory, with mortality rates ranging from 20 to 48%, and significant complications,
including iatrogenic preterm premature rupture of membranes (PPROM) [6] resulting in
preterm delivery before 32 weeks gestation, twin anemia-polycythemia sequence (TAPS) [7],
recurrence or reversal of TTTS [8] and adverse long-term neurodevelopmental outcome in
6-18% of survivors [O].

Since the first publications on fetoscopic laser surgery, several technical modifications
have been described. Coagulation of all vessels crossing the inter-twin membrane was
abandoned because it led to unnecessary placental loss [10]. In 1998, Quintero et al. [11]
introduced the selective laser coagulation technique. This technique, which was rapidly
adopted by most fetal therapy centers, aims to save as much functioning placenta tissue
as possible by coagulating only true inter-twin vascular anastomoses instead of every
vessel crossing the membranous equator. In 2007 the same group proposed the sequential
selective laser coagulation technique [12].

Sequential selective laser is an adaptation whereby anastomoses are coagulated in a
specific order. The aim is to obliterate the anastomoses in a sequence that allows, at least
partly, an intraoperative correction of the hypoperfusion of the donor and hyperperfusion
of the recipient. This is achieved by first closing the arteriovenous anastomoses from donor
to recipient, starting with the largest ones, followed by the closure of the vein-to-artery
anastomoses (e.g. the vessels with a blood flow towards the donor) as the last part of the
procedure. In 2008 the Solomon trial [13] was started, introducing a new adaptation to the
selective technique. The rationale of the Solomon technique is coagulation of the whole
vascular equator from one placenta margin to the other.



Author and Inclusion Type of study Dual GA at Comments
year period survival  birth
(%)
De Lia 1995 26 1988-1994 Prospective single 35 32.2(2.8)
center cohort
Ville 1995 45 1992-1994 Prospective single 36 35.0(3.8)
center cohort
De Lia 1999 67 1995-1998 Prospective single 57 30.0 (5.0)
center cohort
Hecher 2000 ¥* 200 1995-1999 Prospective single 48 34.0(2.7) Early versus late se-
center cohort ries to show learning
curve effect
Quintero 2000 89 1994-1999 Prospective multi- 39 32.0(2.5) Non-selective laser
¥* center cohort versus selective laser
Gray 2006 31 2002-2003 Prospective single 39 34.0 (4.5)
center cohort
Huber 2006 200 1999-2003 Prospective single 60 34.3(2.9)
center cohort
lerullo 2007 77 2002-2006 Prospective single 40 NA
center cohort
Middeldorp 100 2000-2004 Prospective single 58 33.0(3.7)
2007 center cohort
Quintero 193  2003-2005 Prospective single 65 33.7(4.0) Sequential laser
2007 ¥ center cohort versus standard selec-
tive laser
Sepulveda 33 2003-2006 Prospective single 27 32.0(3.8)
2007 center cohort
Stirneman 2008 287  1999-2005 Retrospective single 42 32.0(3.6)
center cohort
Cincotta 2009 100 2002-2007 Prospective single 66 31.0(3.2)
center cohort
Nakata 2009¥ 52 2002-2006 Prospective multi- 50 32.0(4.2) Excluded for time
center cohort based analysis but in-
cluded for technique
based analysis due to
overlap.
Ruano 2009 19 2006-2008 Retrospective single 26 32.1(3.0)
center cohort
Chmait2010¥ 99 2006-2008 Prospective single 68 32.2(45 Sequential laser
center cohort versus standard selec-
tive laser
Meriki 2010 75 2003-2008 Retrospective single 60 32.0(2.7)
center cohort
Morris 2010 164 2004-2009 Prospective single 38 33.2(1.3)
center cohort
Yang 2010 30 2002-2008 Retrospective single 60 32.0 (4.0)

center cohort
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Author and
year

Inclusion
period

Type of study

Dual
survival
(%)

Comments

Delabaere 2011 49 2006-2008 Retrospective single 59 32.0(2.6) Articlein French
center cohort
Hernandez-An- 35 2008-2009 Retrospective single 49 32.0(3.7) Articlein Spanish
drade 2011 center cohort
Lombardo 70 2000-2010 Retrospective single 59 32.1 (NA)
2011 center cohort
Tchirikov 2011 80 2006-2011 Retrospective single 78 33.8(3.2) Use of Tmm optic
center cohort versus 2mm optic
Weingertner 100 2004-2010 Retrospective single 52 32.6(3.8)
2011 center cohort
Chang 2012 * 44 2005-2010 Retrospective single 50 30.6 (5.9)
center cohort
Liu 2012 33 2003-2010 Retrospective single 52 31.0(6.0) Excluded in tech-
center cohort nique based analysis
due to unclear
technique. Article in
Chinese
Murakoshi 152 2002-2010 Retrospective single 63 33.0 (NA)
2012 center cohort
Rustico 2012 * 150 2004-2009 Retrospective single 41 32.1(2.2)
center cohort
Sundberg 2012 55 2004-2010 Retrospective single 35 34.8 (4.0)
center cohort
Swiatkows- 85 2005-2010 Retrospective single 45 32.0(2.5)
ka-Freund 2012 center cohort
Valsky 2012 334 2006-2009 Retrospective multi- 68 33.2(3.0) GAatlaser 16-26
center cohort weeks versus >26
weeks
Baschat 2013 ¥ 147 2005-2011 Retrospective single 60 32.6(3.5) Selective laser versus
center cohort Solomon laser
Baud 2013 325  1999-2012 Retrospective single 63 31.3(4.0) GA atlaser <16 weeks
center cohort versus 16-26 weeks
versus >26 weeks.
Ruano 2013 ¥ 102 2010-2012 Retrospective multi- 65 31.6 (4.4) Selective laser versus
center cohort Solomon laser
Slaghekke 272 2008-2012 Multicenter RCT 62 32.3(3.3) Selective laser versus
2014 ¥ Solomon laser

Table 1 Included studies in the review. *These studies described more series over different time periods and
were split up in the time-based analyses. ¥These studies described comparisons between different techniques.
GA= gestational age. Figures for GA at birth are mean + SD. NA = Not assessed; RCT = randomized controlled

trial.
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With the Solomon technique, all laser spots are connected by drawing a laser line,
minimizing the chance of residual anastomoses. The study showed that this technique was
associated with significantly less residual anastomoses, thereby reducing the risk for TAPS
and recurrence of TTTS.

This study focuses on perinatal outcome after laser therapy over the past 25 years and on
the impact of the above-mentioned changes in laser treatment strategies on the outcome
results. We systematically reviewed all published series since the introduction of laser
treatment of TTTS with respect to survival, GA at birth and procedural or postoperative
complications in relation to the time and the laser technique used.

METHODS

Data Sources

Before conduct of the systematic review a detailed protocol that included the search
strategies, inclusion and exclusion criteria, outcome parameters and methods of statistical
analysis was created. This systematic literature review was performed according to the
Meta-Analysis of Observational Studies in Epidemiology (MOOSE) [14], and the Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [15] where

applicable.

Figure 1 Flow chart of study selection
according to the MOOSE guideline.
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Literature Search

An initial literature search on survival after laser coagulation for TTTS was conducted in
MEDLINE, Embase and the Cochrane Library using the PubMed and OVID search engines
without restriction on the language or type of publication. Key words and free text searches
were performed with combinations of the following key words: survival, perinatal survival,
twin-to-twin transfusion syndrome, TTTS, twin-twin transfusion syndrome, fetofetal
transfusion, placental anastomoses, laser, laser therapy, laser ablation, SLPCV, SQLPCV,
sequential laser, selective laser, fetoscopy, FLOC and photocoagulation. Additionally,
reference sections of eligible studies were hand-reviewed for potential eligible studies. Our
search included articles published up to May 2014 that reported on pregnancy outcomes
after fetoscopic laser coagulation of placental vascular anastomoses.

Inclusion and Exclusion Criteria

Randomized trials and comparative studies as well as prospective and retrospective case
series were considered eligible for inclusion. Reasons for exclusion were studies with
insufficient or overlapping data, letters, conference abstracts, review articles and case

reports.

Selection and Data Extraction

All references were independently screened by two reviewers (). Akkermans and S.H.P.
Peeters). Disagreement on the eligibility of a study was resolved by discussion until consensus
was reached. Studies presenting data on twin pregnancies with confirmed monochorionicity
by first trimester ultrasound, affected by TTTS according to the Eurofoetus criteria [5] or
the Quintero criteria [16] treated with fetoscopic laser coagulation of vascular anastomoses
were included.

Studies were selected when presenting at least the number of patients treated and either
survival rate of both twins, survival rate of one twin, survival rate of at least one twin
or GA at birth. Other important parameters were complications, such as PPROM, GA at
laser and laser technique used. In the sporadic event that study results contained also
outcomes of triplets (e.g. monochorionic twins affected by TTTS and a singleton), we
used the perinatal outcome results of the twins for analysis. To prevent double counting
of cases, we excluded studies reporting outcomes from pregnancies that were treated in

overlapping years with other published series from the same centers.

Differences in dual survival, single survival and at least one survival as well as GA at birth
were analyzed on a timeline. Five-year intervals were chosen to analyze studies over time.



For categorization we used the year the study was concluded as a cut-off value. Survival
was analyzed per laser technique used in the series to show the impact of the proposed
technical adaptations of the laser treatment.

Statistical Analysis

Continuous variables were reported as median (range) or mean * standard deviation (SD);
for synthesis of data, medians (range) were recalculated as means + SD using the method
described by Hozo et al. [171.

For comparing survival outcomes of different techniques, a cumulative survival rate was
calculated and the 95% confidence intervals (Cls) were estimated using binomial distribution.
The survival rates were pooled using the DerSimonian and Laird random-effects models
with heterogeneity estimated from the Mantel-Haenszel model. The results of multiple
groups were compared using analysis of variance (ANOVA) statistics. Results of categorical
variables were compared using Fisher’s exact test or x? test, as appropriate. Student’s t test
was used to compare normally distributed values between two groups. The Mann-Whitney
U test was used to compare non-parametric variables. A p value <0.05 was considered to
indicate statistical significance. Statistical analysis was performed using SPSS (IBM SPSS
Statistics 20 for Windows; 1BM, New York, N.Y., 2011) and MS Excel (Microsoft Excel 2010;
Microsoft, Redmond, Wash., 2010). This being a literature review, no approval from our
Ethics Committee was needed before performing this study.

Flow of Study Inclusion

Figure 1 shows a flow diagram according to the PRISMA statement [15] with the total
number of citations retrieved by the search strategy and the number included in the review.
After full-text analysis a total of 34 studies were included in the time-based analysis [10,
12, 13, 18- 48l. Twelve studies [5, 49-59] presented data overlapping other series, of which
one presented data relevant for the technique-based analysis [58].

Study Characteristics

The characteristics of all included studies are shown in table 1. One of the studies enrolled
was a randomized controlled trial [13]; there were 13 prospective single- center cohort
studies [10, 12, 18-20, 22-26, 28, 30, 32, 18 retrospective single-center cohort studies
(27, 29, 31, 33- 44, 46, 47, 591, 2 prospective multicenter cohort studies [21, 58] and 3



retrospective multicenter cohort studies [45, 48, 551 The studies were from the United
States, Belgium, Australia, Canada, Spain, Poland, ltaly, Taiwan, Germany, The Netherlands,
Denmark, the United Kingdom, France, Japan, Mexico, Brazil, China and Chile. The primary
outcomes - perinatal survival of at least one or both twins and GA at birth - were well
defined in all included studies.

There were three non-English language articles [34, 35, 40l The language skills of the
authors and co-workers (Chinese) were sufficient to analyze these articles. Three authors
described their series in two separate cohorts in order to display their learning curve [20,
39, 42l. Eight studies compared different (adaptations of) laser techniques [12, 13, 20, 21,
30. 46, 48, 581 Baud et al. [47] compared the outcomes of early, late and conventional
selective laser surgery defined as performed before 17 weeks gestation, after 26 weeks
gestation and between 17 and 26 weeks.

For the overlapping series of Nakata et al. [58] and Murakoshi et al. [41], we used the latter
for the time-based analysis and the former for the technique-based analysis. For the study
of Liu et al. [40] it was unclear what technique was used and therefore it was excluded in
the technique-based analysis.

Primary Outcome

A total of 3,868 women with a monochorionic twin pregnancy complicated by TTTS
treated with fetoscopic laser coagulation were included in the time-based analysis; the
sample size per study ranged from 19 to 334 women. The median time span of study
inclusion for all studies was 4 years (interquartile range 2-6).

The mean GA at the time of surgery was 20.9 = 1.9 weeks. Combining all series, the mean
perinatal survival of both twins, one twin and at least one twin was 52 * 14.8%, 29 + 10.5%
and 81 = 8.3%, respectively. The overall survival of fetuses was 5,348/7,736 (69.1%). Figure
2a displays a forest plot with double twin survival rates in all included studies subdivided
into time groups based on their study period, and the difference between the time periods.
Figure 2b displays the forest plot of single twin survival rates. For both twins survival rates
significantly increased from 31% (1990-1995) to 62% (2011-2014) (p < 0.001), and survival
rates for at least one twin significantly increased from 70% (1990-1995) to 88% (2011-2014)
(p = 0.009). No significant change in survival of one twin was seen between 1990 and 1995
(39%) and between 2011 and 2014 (26%) (p = 0.09). The overall mean GA at birth of all
series was 32.4 £ 1.3 weeks. GA at birth did not change in time for the included series (p =
0.226).



Laser Technique

Thirty-four studies clearly specified their laser technique and eight of these studies
compared two groups for which different laser techniques were used [12, 13, 20, 21, 30, 46,
48, 58l. These groups were analyzed separately, resulting in 41 subgroups describing survival
results for different laser techniques. The non-selective laser technique was used in five
series [10, 18-21], 28 series used the selective laser technique [12, 20-39, 42, 43, 45-48, 58],
the selective sequential technique was used in five series [12, 13, 30, 41, 44l, and three series
used the Solomon technique [13, 46, 48l.

Figure 3a shows a forest plot with the individual studies and the inter-study heterogeneity
per technique as well as the subgroup difference and heterogeneity between the subgroups
for double twin survival. Figure 3b shows a forest plot with the results for single twin
survival. Survival of both twins improved significantly (p = 0.0001) over the course of the
introduction of new or modified technigues to the detriment of survival of only one twin
(p = 0.01). Overall a gradual improvement in survival of at least one twin was seen for the
newer techniques (p = 0.004).

Complications

Reports on post-treatment complications after laser therapy were not readily available
in all studies. Only 12 (33%) of the included studies reported data on PPROM. Definitions
ranged from <37 weeks gestation’ to ‘within 7 days after fetoscopy’, making comparison of
these results impossible [13, 27, 29, 31, 32, 35, 36, 38, 39, 42, 46, 471,

In this review of all published series reporting on outcomes after fetoscopic laser treatment
for TTTS, we found a significant improvement in survival of both twins and at least one twin
over the past 25 years. This study also shows a significant improvement in survival of both
twins with the more recently developed laser technigues. In 1990, De Lia et al. [3] published
the first results of fetoscopic laser therapy as an alternative for serial amnioreduction for
the treatment of TTTS. Since then the technique has undergone a variety of modifications.

The shown improvement in survival is likely multifactorial and potentially affected by
different forms of bias. There are several important hypotheses to explain the improvement
in perinatal survival after laser treatment in time. First of all, adaptations in laser technique
such as indicated above are likely to affect survival, however the only way to demonstrate



Study or Subgroup Events Total Weight Survival Rate [95% Cl]

Time group 1 (1990-1995)

De Lia 1995 9 26 2.1% 0.35 [0.16, 0.53] e —

Ville 1995 13 45 2.7% 0.29 [0.15, 0.42] —_—
Subtotal (95% CI) 71 4.8% 0.31 [0.20, 0.42] L

Total events 22

Heterogeneity: I = 0%

Time group 2 (1996-2000)

De Lia 1999 38 67 2.8% 0.57 [0.45, 0.69] I
Hecher 2000 100 200 3.4% 0.50[0.43, 0.57] —_
Quintero 2000 35 89 3.0% 0.39[0.29, 0.50] —_
Subtotal (95% ClI) 356 9.3% 0.48 [0.40, 0.57] ‘
Total events 173

Heterogeneity: 12 = 61%

Time group 3 (2001-2005)

Huber 2006 119 200 3.4% 0.59 [0.53, 0.66] —_
Gray 2006 12 31 2.2% 0.39[0.21, 0.56] I —
Quintero 2007 133 193 3.4% 0.69 [0.62, 0.75] -
Middeldorp 2007 58 100 3.1% 0.58 [0.48, 0.68] e
Stirneman 2008 120 287 3.5% 0.42 [0.36, 0.48] -
Subtotal (95% CI) 811 15.7% 0.54 [0.42, 0.66] L
Total events 442

Heterogeneity: 12 = 91%

Time group 4 (2006-2010)

Sepulveda 2007 9 33 2.4% 0.27[0.12, 0.43] —_—

lerullo 2007 31 77 3.0% 0.40 [0.29, 0.51] —_—
Cincotta 2009 66 100 3.1% 0.66 [0.57, 0.75] —_
Ruano 2009 5 19 1.9% 0.26 [0.06, 0.47] [ —
Morris 2010 63 164 3.3% 0.38 [0.31, 0.46] -

Meriki 2010 45 75 2.9% 0.60 [0.49, 0.71] —_—
Chmait 2010 71 99 3.2% 0.72[0.63, 0.81] —_—
Yang 2010 18 30 2.2% 0.60 [0.42, 0.78] S
Lombardo 2011 41 70 2.9% 0.59[0.47, 0.70] I
Weingertner 2011 52 100 3.1% 0.52 [0.42, 0.62] —_—
Hernandez-Andrade 2011 17 35 2.3% 0.49 [0.32, 0.65] e —
Delabaere 2011 29 49 2.6% 0.59 [0.45, 0.73] I
Sundberg 2012 19 55 2.8% 0.35[0.22, 0.47] —_—
Valsky 2012 210 334 3.6% 0.63 [0.58, 0.68] -
Murakoshi 2012 96 152 3.3% 0.63 [0.55, 0.71] —_
Rustico 2012 61 150 3.3% 0.41[0.33, 0.49] -
Swiatkowska-Freund 2012 38 85 3.0% 0.45 [0.34, 0.55] —_—
Chang 2012 22 44 2.5% 0.50 [0.35, 0.65] I
Liu 2012 17 33 2.2% 0.52 [0.34, 0.69] —_—
Subtotal (95% CI) 1704 53.7% 0.51 [0.45, 0.57] <&
Total events 910

Heterogeneity: 12 = 83%

Time group 5 (2011-2014)

Tchirikov 2011 62 80 3.2% 0.78[0.68, 0.87] —_—
Ruano 2013 57 102 3.1% 0.56 [0.47, 0.66] —_
Baud 2013 187 325 3.5% 0.58 [0.52, 0.63] -
Baschat 2013 88 147 3.3% 0.60 [0.52, 0.68] -
Slaghekke 2014 168 272 3.5% 0.62 [0.56, 0.68] -
Subtotal (95% CI) 926 16.6% 0.62 [0.56, 0.69] <&
Total events 562

Heterogeneity: 12 = 73%

Total (95% CI) 3868 100.0% 0.52 [0.48, 0.56] *
Total events 2109

Heterogeneity: |2 = 84% —O'ﬁ

Test for subgroup differences: Chi® = 25.42, df = 4 (P < 0.0001), I = 84.3%

Double twin survival



Survival Rate [95% Cl] 2b

Study or Subgroup Events Total Weight
Time group 1(1990-1995)
Ville 1995 19 45 2.0% 0.42[0.28, 0.57] —_—
De Lia 1995 9 26 1.4% 0.35 [0.16, 0.53] s
Subtotal (95% CI) 71 3.4% 0.39 [0.28, 0.51] <@
Total events 28
Heterogeneity: 12 = 0%
Time group 2 (1996-2000)
De Lia 1999 17 67 2.8% 0.25 [0.15, 0.36] e
Quintero 2000 35 89 2.9% 0.39 [0.29, 0.50] —_—
Hecher 2000 61 200 3.9% 0.30[0.24, 0.37] -
Subtotal (95% CI) 356 9.5% 0.32 [0.25, 0.39] <&
Total events 113
Heterogeneity: |12 = 45%
Time group 3 (2001-2005)
Huber 2006 48 200 4.0% 0.24 [0.18, 0.30] -
Gray 2006 15 31 1.5% 0.48 [0.31, 0.66] —
Quintero 2007 40 193 4.0% 0.21 [0.15, 0.26] -
Middeldorp 2007 23 100 3.3% 0.23[0.15, 0.31] —_
Stirneman 2008 94 287 4.1% 0.33[0.27, 0.38] -
Subtotal (95% CI) 811 17.0% 0.27 [0.21, 0.34] &
Total events 220
Heterogeneity: |12 = 75%
Time group 4 (2006-2010)
Sepulveda 2007 16 33 1.6% 0.48 [0.31, 0.66] —_—
lerullo 2007 26 77 2.8% 0.34[0.23, 0.44] i
Cincotta 2009 19 100 3.5% 0.19 [0.11, 0.27] -
Ruano 2009 10 19 1.1% 0.53[0.30, 0.76] [ —
Chmait 2010 19 99 3.5% 0.19 [0.11, 0.27] -
Yang 2010 7 30 1.8% 0.23[0.08, 0.39]
Meriki 2010 23 75 2.8% 0.31[0.20, 0.41] I
Morris 2010 76 164 3.5% 0.46 [0.39, 0.54] -
Lombardo 2011 16 70 2.9% 0.23[0.13, 0.33] —_—
Weingertner 2011 33 100 3.1% 0.33[0.24, 0.42] —_—
Delabaere 2011 14 49 2.3% 0.29[0.16, 0.41] —_—
Hernandez-Andrade 2011 10 35 1.9% 0.29[0.13, 0.44] —_—
Swiatkowska-Freund 2012 27 85 2.9% 0.32[0.22, 0.42] -
Chang 2012 13 44 2.1% 0.30[0.16, 0.43] I
Liu 2012 5 33 2.3% 0.15[0.02,0.28] |[—
Sundberg 2012 28 55 2.2% 0.51[0.38, 0.64] I
Valsky 2012 87 334 4.3% 0.26 [0.21, 0.31] -
Murakoshi 2012 45 152 3.6% 0.30[0.22, 0.37] -
Rustico 2012 50 150 3.5% 0.33[0.26, 0.41] —_
Subtotal (95% CI) 1704 51.5% 0.31 [0.26, 0.35] ¢
Total events 524
Heterogeneity: |12 = 71%
Time group 5 (2011-2014)
Tchirikov 2011 15 80 3.2% 0.19 [0.10, 0.27] -
Baud 2013 96 325 4.2% 0.30 [0.25, 0.35] -
Ruano 2013 25 102 3.3% 0.25 [0.16, 0.33] -
Baschat 2013 41 147 3.6% 0.28[0.21, 0.35] -
Slaghekke 2014 65 272 4.2% 0.24[0.19, 0.29] -
Subtotal (95% CI) 926 18.6% 0.26 [0.22, 0.29] ¢
Total events 242
Heterogeneity: |2 = 29%
Total (95% CI) 3868 100.0% 0.29 [0.27, 0.32] ¢
Total events 1127

-

Heterogeneity: |12 = 67%

Test for subgroup differences: Chi? = 7.92, df = 4 (P = 0.09), I* = 49.5%

0 0.5 1
Single twin survival



this true effect is to perform a randomized controlled trial adequately powered for

perinatal survival.

Previous two pages figure 2 a Forest plot showing double twin survival rates over 25 years of laser therapy for
TTTS subdivided into 5-year time periods. b Forest plot showing single twin survival rates over 25 years of laser
therapy for TTTS subdivided into 5-year time periods.

Secondly, an important factor affecting treatment results is the learning curve effect. In
principle, novice surgeons are assumed to perform surgery less safely and efficiently than
more experienced colleagues. A learning curve represents the improvement of both the
operators, from experience and practice, and, equally as important, the performance of
the entire team at managing pregnancies with TTTS. Better teamwork, multidisciplinary
discussion with colleagues from the neonatology department (including international
audits), stimulation, controllability and continuity may have been beneficial factors [571.

Furthermore, since laser therapy has been accepted as the preferred treatment option,
knowledge and awareness in remote centers not offering this highly specialized treatment
has grown. Increased awareness may have resulted in improved timely referral and a
decreasing number of cases with advanced disease and poor outcomes.

With the acceptance of laser surgery as the best treatment thus far, over the years
increasing number of centers started to offer this procedure. Since TTTS is rare and both
the surgical procedure as well as careful selection of cases and optimal timing of treatment
is complex, concentration of care in specialized maternal-fetal medicine centers has been
advocated. With the most recent survival rates as a benchmark, (real-time) monitoring and
quality control are essential to prevent a more widespread use of this technique, at least
temporarily, from leading to less favorable outcome due to learning curve effects and
small numbers.

The finding that newer techniques have better perinatal survival results could be attributable
to a true improvement in the technique. However this effect could be positively affected
by the fact that new techniques are, in general, introduced and adopted sooner by the
more experienced therapists after completion of their learning

curve and thus likely perform better. Another important factor influencing this improved
survival is based on case selection in series comparing two techniques, which was evident in

some studies on the sequential laser technique [601.

With this study we hope to set a benchmark level which established and starting centers



can compare their individual results with. Regular structural reflection on one's own
practice is essential to prevent late detection of suboptimal performance. If less favorable
outcomes are noticed, a quality cycle including further education, supervision of practice
and improvement of learning environment should be initiated. We encourage starting up
centers as well as established centers to share their performance for peer review and to
publish their series in order to keep updating the benchmark for other centers [611.

Unfortunately, data on post-treatment complications such as TAPS, recurrent TTTS or
PPROM were often not available in the reported studies or lacked uniform definitions.
latrogenic PPROM is generally assumed to be one of the most important causes of premature
delivery after laser therapy [6l. To gain better insight into the important complications of
laser treatment, it is crucial that we use systematic methods of reporting. Incidences are
low and knowledge is Largely based on small series. In order to conduct systematic reviews
in these areas, definitions need to be uniform when it comes to perinatal survival (e.g. alive
at 28 days after birth), PPROM (e.g. before 32 weeks gestation), TAPS and recurrent TTTS.

This study has some important limitations. Our findings could be influenced by publication
bias. Centers that are still in their learning curve, or otherwise have less favorable results,
might be hesitant to publish their series when they underperform compared to the published
series of established centers. Also, the data may reflect selection bias. Less experienced
centers may only treat less difficult cases and refer difficult cases to experienced centers,
resulting in better survival in their centers and decreased survival in the latter.

The past decades have also shown significant improvements regarding (early) neonatal care
resulting in overall better outcomes after preterm birth [62-64l. The effect of the above-
mentioned factors are very difficult to quantify and should be taken into account when
interpreting the results of this study.

Another limitation is the inclusion of series that have a large time span of data collection.
This might have decreased the differences in survival over time when later series include
the learning curve phase of the center.

Evaluation of technical or other adaptations of surgical techniques using historic controls
is hampered by bias caused by increasing experience over time, the learning curve effect
and improved neonatal care. The value of meta-analysis is highly dependent on the quality
of the included studies. Most of the introduced techniques and adaptations have not been
evaluated in randomized controlled trials. Comparison of survival outcomes of different



Study or Subgroup Events Total Weight Survival Rate [95% Cl]
Non-selective technique
De Lia 1995 9 26 1.9% 0.35[0.16, 0.53] e —
Ville 1995 13 45 2.3% 0.29[0.15, 0.42] —_—
De Lia 1999 38 67 2.4% 0.57 [0.45, 0.69] i
Hecher Non-Selective 2000 31 73 2.5% 0.42[0.31, 0.54] —
Quintero Non-Selective 2000 7 18 1.5% 0.39[0.16, 0.62] [ —
Subtotal (95% CI) 229 10.6% 0.41 [0.31, 0.52] <
Total events 98
Heterogeneity: I = 61%
Selective technique
Quintero Selective 2000 28 71 2.5% 0.39[0.28, 0.51] —_—
Hecher Selective 2000 69 127 2.7% 0.54 [0.46, 0.63] -
Huber 2006 119 200 2.8% 0.59 [0.53, 0.66] -
Gray 2006 12 31 2.0% 0.39[0.21, 0.56] I —
Middeldorp 2007 58 100 2.6% 0.58[0.48, 0.68] i
Sepulveda 2007 9 33 2.1% 0.27[0.12, 0.43] I —
lerullo 2007 31 77 2.5% 0.40[0.29, 0.51] I
Quintero Selective 2007 32 56 2.3% 0.57 [0.44, 0.70] —_—
Stirneman 2008 120 287 2.9% 0.42 [0.36, 0.48] -
Nakata Selective 2009 10 29 2.0% 0.34[0.17, 0.52] s —
Ruano 2009 5 19 1.7% 0.26 [0.06, 0.47] [ —
Cincotta 2009 66 100 2.7% 0.66 [0.57, 0.75] —_—
Yang 2010 18 30 1.9% 0.60 [0.42, 0.78] I —
Meriki 2010 45 75 2.5% 0.60 [0.49, 0.71] b
Morris 2010 63 164 2.8% 0.38[0.31, 0.46] -
Chmait Selective 2010 20 35 2.0% 0.57[0.41, 0.74] —
Delabaere 2011 29 49 2.3% 0.59[0.45, 0.73] -
Hernandez-Andrade 2011 17 35 2.0% 0.49[0.32, 0.65] —
Tchirikov 2011 62 80 2.7% 0.78[0.68, 0.87] -
Weingertner 2011 52 100 2.6% 0.52[0.42, 0.62] —_—
Lombardo 2011 41 70 2.5% 0.59[0.47, 0.70] I
Rustico 2012 61 150 2.8% 0.41[0.33, 0.49] -
Chang 2012 22 44 2.2% 0.50 [0.35, 0.65] —
Valsky 2012 210 334 2.9% 0.63[0.58, 0.68] -
Sundberg 2012 19 55 2.4% 0.35[0.22, 0.47]
Ruano Selective 2013 35 76 2.5% 0.46 [0.35, 0.57] —_—
Baud 2013 187 325 2.9% 0.58[0.52, 0.63] -
Baschat Selective 2013 36 71 2.5% 0.51[0.39, 0.62] —_—
Subtotal (95% CI) 2823 68.4% 0.51 [0.46, 0.55] ¢
Total events 1476
Heterogeneity: |2 = 81%
Selective sequential technique
Quintero Sequential 2007 101 137 2.8% 0.74 [0.66, 0.81] -
Chmait Sequential 2010 51 64 2.6% 0.80 [0.70, 0.90]
Murakoshi 2012 96 152 2.8% 0.63 [0.55, 0.71] -
Swiatkowska-Freund 2012 38 85 2.6% 0.45 [0.34, 0.55] —_—
Slaghekke Sequential 2014 81 135 2.7% 0.60 [0.52, 0.68] -
Subtotal (95% CI) 573 13.5% 0.64 [0.54, 0.75]
Total events 367
Heterogeneity: I = 86%
Solomon technique
Ruano Solomon 2013 22 26 2.2% 0.85 [0.70, 1.00] —
Baschat Solomon 2013 52 76 2.6% 0.68 [0.58, 0.79] —
Slaghekke Solomon 2014 87 137 2.8% 0.64 [0.55, 0.72] -
Subtotal (95% CI) 239 7.5% 0.71 [0.60, 0.82] ‘
Total events 161
Heterogeneity: |2 = 67%
Total (95% CI) 3864 100.0% 0.53 [0.49, 0.57] ¢
Total events 2102

ity: 12 = ]
Heterogeneity: 1> = 85% 0 0.5 1

Test for subgroup differences: Chi? = 20.50, df = 3 (P = 0.0001), I> = 85.4%

Double survival rate



Study or Subgroup Events Total Weight Survival Rate [95% Cl]
Non-selective technique
De Lia 1995 9 26 1.5% 0.35[0.16, 0.53] e —
Ville 1995 19 45 1.9% 0.42[0.28, 0.57] —
De Lia 1999 17 67 2.5% 0.25 [0.15, 0.36] —_—
Quintero Non-Selective 2000 4 18 1.3% 0.22[0.02,0.43] |——
Hecher Non-Selective 2000 27 73 2.4% 0.37[0.26, 0.48] I
Subtotal (95% CI) 229 9.6% 0.33 [0.25, 0.40] <&
Total events 76
Heterogeneity: 12 = 22%
Selective technique
Hecher Selective 2000 34 127 2.9% 0.27 [0.19, 0.35] -
Quintero Selective 2000 31 71 2.3% 0.44[0.32, 0.55] i
Gray 2006 15 31 1.6% 0.48 [0.31, 0.66] I —
Huber 2006 48 200 3.2% 0.24[0.18, 0.30] -
Sepulveda 2007 16 33 1.6% 0.48[0.31, 0.66] s —
lerullo 2007 26 77 2.5% 0.34[0.23, 0.44] —_—
Middeldorp 2007 23 100 2.8% 0.23[0.15, 0.31] -
Quintero Selective 2007 17 56 2.2% 0.30[0.18, 0.43] —
Stirneman 2008 94 287 3.3% 0.33[0.27, 0.38] -
Ruano 2009 10 19 1.1% 0.53[0.30, 0.76]
Cincotta 2009 19 100 2.9% 0.19[0.11, 0.27] -
Nakata Selective 2009 14 29 1.5% 0.48 [0.30, 0.67] e —
Meriki 2010 23 75 2.5% 0.31[0.20, 0.41] —_—
Chmait Selective 2010 12 35 1.8% 0.34[0.18, 0.50] —_—
Morris 2010 76 164 2.9% 0.46 [0.39, 0.54] -
Yang 2010 7 30 1.8% 0.23[0.08, 0.39] -
Lombardo 2011 16 70 2.6% 0.23[0.13, 0.33] —_—
Weingertner 2011 33 100 2.7% 0.33[0.24, 0.42] —_—
Delabaere 2011 14 49 2.1% 0.29[0.16, 0.41] I
Tchirikov 2011 15 80 2.8% 0.19[0.10, 0.27] -
Hernandez-Andrade 2011 10 35 1.8% 0.29[0.13, 0.44] e
Valsky 2012 87 334 3.4% 0.26 [0.21, 0.31] -
Rustico 2012 50 150 3.0% 0.33[0.26, 0.41] -
Sundberg 2012 28 55 2.1% 0.51[0.38, 0.64] I
Chang 2012 13 44 2.0% 0.30[0.16, 0.43] I
Baschat Selective 2013 24 71 2.4% 0.34[0.23, 0.45] b
Baud 2013 96 325 3.3% 0.30 [0.25, 0.35] -
Ruano Selective 2013 24 76 2.5% 0.32[0.21, 0.42] —_—
Subtotal (95% CI) 2823 67.6% 0.32 [0.29, 0.35] )
Total events 875
Heterogeneity: I = 66%
Selective sequential technique
Quintero Sequential 2007 23 137 3.1% 0.17[0.10, 0.23] -
Chmait Sequential 2010 7 64 2.9% 0.11[0.03,0.19] |—™
Swiatkowska-Freund 2012 27 85 2.6% 0.32[0.22, 0.42] —_—
Murakoshi 2012 45 152 3.0% 0.30[0.22, 0.37] -
Slaghekke Sequential 2014 36 135 3.0% 0.27[0.19, 0.34] -
Subtotal (95% CI) 573 14.5% 0.23 [0.15, 0.31] <&
Total events 138
Heterogeneity: I = 80%
Solomon technique
Ruano Solomon 2013 1 26 2.6% 0.04 [0.00, 0.14] [—
Baschat Solomon 2013 17 76 2.6% 0.22[0.13, 0.32] -
Slaghekke Solomon 2014 29 137 3.1% 0.21[0.14, 0.28] -
Subtotal (95% CI) 239 8.3% 0.16 [0.05, 0.27]
Total events 47
Heterogeneity: 12 = 80%
Total (95% ClI) 3864 100.0% 0.29 [0.26, 0.32] ¢
Total events 1136

ity: 12 = ]
Heterogeneity: 12 = 74% 0 0.5 1

Test for subgroup differences: Chi? = 10.57, df = 3 (P = 0.01), I = 71.6%

Single survival rate



techniques based on data from non-comparative observational studies is potentially
hampered by high interstudy heterogeneity, as found in this study. Due to the nature of
the data, statistical correction is impossible. Interpretation of the results should be done
with caution and can only be used to generate hypotheses.

Previous two pages figure 3 a Forest plot showing double twin survival rates subdivided by the laser technique
used. b Forest plot showing single twin survival rates subdivided by the laser technique used.

The treatment of TTTS yielded a fair improvement in perinatal survival with the introduction
of laser surgery over two decades ago. This review shows a significant increase in perinatal
survival since then. Combining all published series, as a benchmark, perinatal survival of at
least one twin after laser therapy can be achieved in 81- 88% of pregnancies and survival
of both twins in 52-54% of pregnancies. The median GA at delivery in these series was 32.4
weeks. Nevertheless, we believe that significant improvement opportunities prevail and we
see challenges in improving instrumentation and technology for the treatment of TTTS
to increase survival of both twins and, almost equally important, in prolonging pregnancies
beyond 34 weeks gestation. Survival and short-term neonatal morbidity should not be
the only goals. The ultimate goal should be ‘disease-free survival' and focus on reducing
the rate of neurodevelopmental impairment. We suggest institutions to focus on long-
term pediatric neurodevelopmental outcomes. Follow-up into childhood is indispensable to
determine outcome in terms of motor, cognitive and behavioral development [65].

Fetoscopic laser treatment is often hindered by technical difficulties such as reduced
visibility due to stained amniotic fluid or poor accessibility of some anastomoses due to
placenta location or the position of fetal parts on the vascular equator [66]. Possibly, such
limitations may affect the outcome results of the treatment. Technological innovations
may aid us to overcome these limitations and help us improve our outcomes. Remarkably,
technological innovations in instrumentation and equipment, common in the field of
laparoscopic surgery, appear to be virtually absent in the fetoscopic treatment of TTTS.
The equipment used 25 years ago is almost identical to what we use today. A lack of
interest from commercial companies paired with complicated licensing issues for use in
pregnancy may play a role.
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Objective
To evaluate differences between international fetal centers in their treatment of twin-
twin transfusion syndrome (TTTS) by fetoscopic placental laser coagulation.

Methods

Fetal therapy centers worldwide were sent a web-based questionnaire. Participants were
identified through networks and through scientific presentations and papers. Questions
included physician and center demographics, treatment criteria, operative technique and
instrumentation. Laser treatment was compared between low-volume (<20 procedures/
year) and high-volume (= 20 procedures/year) centers. Data were analyzed using descriptive
statistics.

Results

Of 106 fetal therapy specialists approached, 76 (72%) from 64 centers in 25 countries
responded. Of these, 48% (31/64) of centers and 63% (48/76) of operators performed
fewer than 20 laser procedures annually. Comparison of low- and high-volume centers
showed differences in technique, gestational age limits for treatment and geography. High-
volume centers more often used the Solomon technique and applied wider gestational
age limits for treatment. Europe and Asia had more high-volume centers, whereas South
America, the Middle East and Australia had mainly low-volume centers.

Conclusion

This survey revealed significant differences between fetal centers in several aspects of
fetoscopic placental laser therapy for TTTS. Increasing awareness of TTTS, and of laser
coagulation as its preferred treatment, will lead to an increase in centers offering this
modality, especially in Asia, Africa, South America and the Middle East. Considering the
rarity of TTTS and the relative complexity of the procedure, developing international
guidelines for techniques, instrumentation and suggested minimum volumes per center may
aid in optimizing perinatal outcome.



Since the acceptance of laser coagulation of placental vascular anastomoses as the best
treatment for twin-twin transfusion syndrome (TTTS), perinatal morbidity and mortality
associated with this condition have substantially reduced.! However, results are still far
from ideal, with overall mortality rates varying from 26% to 48% and significant attendant
complications, such as iatrogenic preterm prelabor rupture of membranes, extremely
premature delivery, twin anemia-polycythemia sequence (TAPS) and recurrence of TTTS.??
Fetoscopic surgery is now routinely offered in fetal medicine centers across the world.
Since TTTS is relatively rare and the surgical procedure is quite complex, concentration of
care in these specialized centers has been advocated.* Several authors have documented
the treatment criteria and techniques®® and (minor) modifications to the technigue have
been made over the years,3’8 but as yet no literature that systematically documents the
specific implementation of fetal therapy worldwide exists.

With the economic growth in developing countries, an increasing number of centers wishing
to offer this procedure is expected. This raises some concern that a more widespread use
of laser treatment may, at least temporarily, lead to less favorable outcomes owing to
‘learning-curve’ effects.®® Because of the absence of uniform guidelines, centers base their
practice on personal and mentor experience and individual preferences. Without the use
of quality-monitoring systems, substandard care and errors may easily be underestimated.
Therefore, we advocate the development of evidence-based guidelines for fetoscopic Laser
treatment of TTTS.

Today, differences appear to exist between centers in their specific approaches,
instrumentation and guidelines for accepting patients for laser surgery, making it difficult
to compare results between centers. With this international survey, we hope to take an
important first step in the process of developing evidence-based international guidelines by
evaluating differences between international fetal centers in their treatment of TTTS by
fetoscopic placental laser coagulation.

A participant database of e-mail addresses was created from the International Fetal
Medicine and Surgery Society (IFMSS), the North American Fetal Therapy Network and



the Eurofetus group. Furthermore, in 2013 fetal therapists were approached at the IFMSS
annual meeting in Jerusalem and at the International Conference of Prenatal Diagnosis
and Therapy in Lisbon. Finally, fetal therapists who published on intrauterine therapeutic
procedures indexed in PubMed were contacted. From this database, a list of 106 fetal
medicine specialists was generated.

The specialists identified were asked to participate in an anonymous survey if they were
actively involved in the evaluation and treatment of pregnancies complicated by TTTS. A
web-based questionnaire was sent by e-mail between May and August 2013. Reminders
were sent out to non-responders or responders with incomplete survey responses every
2 weeks up to 3 months after the initial invitation. E-mail addresses of all potential
participants were linked to a unique key to track automatically responses and match blindly
respondents from the same center.

The survey was designed de novo and consisted of three domains: specialist and center-
specific demographics, laser technique for TTTS and instrumentation. Questions were
generated through a discussion of fetal therapy specialists of the Leiden University Medical
Center, Leiden, The Netherlands and the Fetal Medicine Unit of the Mount Sinai Hospital,
University of Toronto, Toronto, Canada. The demographics included type of practice,
geographical location, experience, number of TTTS cases evaluated and treated per year
and number of fetal surgeons per center (Appendix S1). The technique domain of the survey
consisted of questions on inclusion and exclusion criteria for laser therapy, anesthesia,
entry technique, laser technique, cerclage and amnioreduction policy and postpartum
placenta color-dye injection (Appendix S2). The instrumentation section of the survey
consisted of questions regarding the fetoscopes and operating sheaths used in different
clinical situations and the types of laser used (Appendix S3). The questionnaire gathered
both quantitative and qualitative data from categorical, multiple choice and open-ended
questions. A free-text field accompanied all questions to gather additional information
and comments from the participants. The survey was pretested for face validity before
distribution by an expert panel of five experienced colleagues. Survey entries were not
eligble if the respondent did not perform laser treatment for TTTS.The total response
rate was based on the number of fully completed eligible surveys.

The data were exported into an Excel spreadsheet (MS Office 2010; Microsoft
Corp..Mountain View, CA, USA) and descriptive statistics were undertaken using SPSS 20
v. 20.0 (IBM Corp., Armonk, NY, USA). Data were analyzed per respondent and per center.
For the center analysis, responses from operators from the same center were grouped.



When discrepancies existed, the mean was used in numerical variables and in the case of
categorical data; the centers’ predominant answer was used.

For additional analysis, all centers were categorized into two groups depending on the
number of laser procedures performed annually. Centers that performed =20 procedures
annually were considered ‘high-volume’ centers and compared with ‘low-volume’ centers
performing<20 procedures per year. Continuous variables are reported as mean (SD) or
median (range); group differences were compared using the Mann-Whitney U-test or
independent Student’s t-test. Proportions were compared using the chi-square test
or Fisher's exact test, as appropriate, and P<0.05 was considered to indicate statistical
significance.

RESULTS

Of 106 fetal therapy specialists approached, 76 (72%) responded. In total, 64 centers from
25 countries participated. Most centers were located in North America (n=22 (34%)) and
Europe (n=19 (30%)) (Figure 1).

| Low-volume centers R
| High-volume centers YA

50% 50%

North Ameri

South America
Australia

Figure 1 Geographical location of respondents and corresponding distribution of low-volume (n=31, 48%)

() vs high-volume (n=33, 52%) (i) fetal therapy centers offering laser treatment for twin-twin transfusion
syndrome.
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The majority (80%) were based in university medical centers. Figure 2 shows the annual
mean number of laser procedures carried out per center and the total number of laser
procedures per geographical area. Thirty-one (48%) centers performed <20 procedures per
year and were classified as low volume, compared with 33 (52%) that were classified as high
volume. Forty-eight (63%) fetal therapists who responded performed <20 procedures per
annum and 59 (78%) were older than 45 years of age and had a median of 20 (range, 4-37)
years’ experience in their field of practice. They had a median of 9 (range, 0.5-25) years'
experience with laser procedures in TTTS. Almost all performed other twin-pregnancy
related invasive procedures.
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Figure 2 Total number of reported annual laser procedures (Jll) according to geographical area and
corresponding mean number of procedures per center (]} in fetal therapy centers offering laser treatment for
twin—twin transfusion syndrome.

Table 1 describes the demographics of the respondents. No significant differences in
geographic distribution existed between responders and non-responders. For anterior
placentae, the median lower gestational age (GA) limit for laser surgery treatment was
16+0 weeks (31/64; 48%), ranging from 14+0 to 20+0 weeks and the median upper limit was
26+0 weeks (31/64; 48%), ranging from 22+0 to 32+O weeks. For posterior placentae, the
median lower GA limit was 16+0 weeks (34/64; 53%), ranging from 14+0 to 20+0 weeks,
and the median upper limit was also 26+0 weeks (31/64; 48%), ranging from 24+0 to 32+0



weeks. Fifteen of the centers (23%) offered laser surgery before 16 weeks and 22 (34%)
after 26 weeks' gestation.

The majority of centers preferred operating with the patient under local anesthesia with or
without intravenous (1V) sedation (=38 (59%)). In five (8%) of the centers, general anesthesia
was the preferred form of anesthesia. The majority of procedures were performed in a
general operating room (n=45 (70%)). Thirteen centers (20%) had a dedicated fetal surgery
room and six (9%) a dedicated obstetric operating room available. Direct percutaneous
trocar insertion was the preferred entry type in 50 (78%) centers and the Seldinger
technique was preferred in 12 (19%) centers, although in three of the latter it was specified
that, in certain circumstances, the direct percutaneous technique was used; minilaparotomy
was used in two (3%) centers as their preferred technique for trocar insertion. Cervical
cerclage was never performed in the same session as the laser procedure in 20 (31%) of
the centers and the majority considered cerclage only in cases with cervical shortening
or dilatation (n=43 (67%)). Cerclage was part of the standard treatment procedure in only
one center. Table 2 presents the center-specific differences. lrrespective of the placental
location, selective laser coagulation, in which all true anastomoses crossing the vascular
equator are coagulated, was the preferred technique

Table 1 Demographic characteristics
of study population of 76 fetal
therapy specialists. Data are given
as n (%), median interquartile
range or mean + SD.



in 26 (41%) centers. A sequential technique, first lasering arteriovenous anastomoses
from donor to recipient, and aiming to minimize hemodynamic fluctuation, was used in 33
(52%) cases that had a posterior placenta and 30 (47%) that had an anterior placenta. The
Solomon laser technique, i.e. lasering the complete vascular equator, was used in 18 (28%)
cases that had a predominantly posterior placenta and in 15 (23%) cases that had an anterior
placenta. Eleven (17%) centers combined sequential and Solomon techniques. Almost half
of the responding centers (n=29 (45%)) used placental dye injection postnatally to assess
completeness of the laser procedure.

A diode laser was used in 36 (56%) of the centers and a neodymium-doped yttrium aluminum
garnet (Nd:YAG) laser in 23 (36%). Four (6%) centers used both diode and Nd:YAG lasers, and
one center used potassium titanyl phosphate (KTP) laser in selected cases. Scope diameter
used in procedures under 16 weeks' gestation ranged from 1.0 mm (3 Fr) to 3.8 mm (11 Fr),
with 51% between 1.0 mm and 1.4 mm (4 Fr). Sheath diameter used in procedures under
16 weeks' gestation ranged from 1.0 mm to 3.8 mm, with 46% between 3.0 mm (9 Fr) and
3.4 mm (10 Fr). In procedures after 16 weeks' gestation, scope diameter ranged from 1.0
mm to 3.8 mm, with 57% between 2.0 mm (6 Fr) and 2.4 mm (7 Fr). Sheath diameter used
in procedures after 16 weeks' gestation ranged from 2.0 mm to 4.0 mm (12 Fr), with 58%
between 3.0 mm and 3.4 mm.

Short cervical length was not considered as a contraindication to laser treatment in
37 (58%) centers, nor was a large maternal body mass index (n=60 (94%)). A previous
amnioreduction was a contraindication for laser in four (6%) centers and triplet pregnancies
were a contraindication in six (9%) of the centers. In 35 (55%) centers selective termination
of pregnancy via cord occlusion was offered as a first-line alternative to laser therapy in
cases of TTTS. Of the 29 centers that did not offer termination of pregnancy, five stated
that they could not offer this owing to legal restrictions. In monochorionic twins with
severe growth discordance, defined as an estimated fetal weight below the 10th percentile
in the smaller twin and above the 10th percentile in the larger one" in the absence of
diagnostic criteria for TTTS, laser therapy was offered as a first-line treatment in 28 (44%)
centers.

We identified 33 high-volume and 31 low-volume centers, based on whether they performed
=20 or <20 procedures annually, respectively. A striking difference between the two groups
was their geographic location, low-volume centers being more frequently located in South
America, Australia and the Middle East (P<0.01) (Figure 1). The number of fetal surgeons per
center was higher in high-volume centers than in low-volume ones (P=0.03).



Type of center

o High-volume Low-volume
Characteristic 9

(n=33)* (n=31)t

Anesthesia 0.020
Local with/without sedation 38 (59) 23 (70) 15 (48)

Regional (epidural/spinal) 19 (30) 8(24) 11 (35)
General anesthesia 5(8) — 5(16)
Other (50% local, 50% regional) 2(3) 2(6) —

Entry type 0.263
Percutaneous via direct trocar insertion 50 (78) 28 (85) 22 (71)
Percutaneous via Seldinger technique 12(19) 5(15) 7 (23)
Minilaparotomy 2(3) — 2(6)

Laser type 0.682
Diode 36 (56) 19 (58) 17 (55)

Nd:YAG 23 (36) 10 (30) 13 (42)
KTP 1(2) 1(3) —
Both Nd:YAG and diode 4 (6) 3(9) 1(3)

GA upper limit>26 + 0 weeks
Anterior placenta 18 (28) 12 (36) 6(19) 0.130
Posterior placenta 22 (34) 14 (42) 8(26) 0.162

GA lower limit< 16 + 0 weeks
Anterior placenta 12(19) 7(21) 5(16) 0.603
Posterior placenta 15 (23) 8 (24) 7 (23) 0.875

Solomon laser technique
Anterior placenta 15 (23) 11(33) 4(13) 0.054
Posterior placenta 18 (28) 13(39) 5(16) 0.039

Sequential laser technique
Anterior placenta 30 (47) 16 (48) 14 (45) 0.790
Posterior placenta 33(52) 18 (55) 15 (48) 0.622

Amnioreduction 1.000
Until DVP 4cm 4 (6) 2 (6) 2(6)

Until DVP 6cm 38 (59) 19 (58) 19 (61)
Until DVP 8cm 21 (33) 11(33) 10 (32)
Other 1(2) 103) —

Cerclage policy 0.891
Never 20 (31) 10 (30) 10 (32)

Always 1(2) — 13)
When dilatation or shortening 43 (67) 23 (70) 20 (65)

BMI limit exclusion for laser 4 (6) 2 (6) 2(6) 1.000

Laser in MC twins with severe growth discordance 28 (44) 17 (52) 11 (35) 0.196

Short cervix not an exclusion for laser treatment 37 (58) 22 (67) 15 (48) 0.139

Placental dye injection 29 (45) 15 (45) 14 (45) 0.981

Table 2 Fetal therapy center-specific differences, including comparison of high- vs low-volume centers. Data
are given as n (%). * High-volume defined as centers carrying out>20 laser procedures/year. tLow-volume
defined as centers carrying out < 20 laser procedures/year. BMI, body mass index; DVP, deepest vertical pocket;
GA, gestational age; KTP, potassium titanyl phosphate (laser); MC, monochorionic; Nd:YAG, neodymium-doped
yttrium aluminum garnet (laser).
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Data on the annual number of procedures performed per center, with respect to the
number of fetal surgeons per center, are presented in Figure 3. Anesthetic technique
was quite different between the groups (P=0.02), general anesthesia being used as first
choice in only five (16%) of the low-volume centers. For posterior placentae, high-volume
centers more frequently used a Solomon laser technigue (in some centers combined with
a selective sequential technique) than did low-volume centers (39% (13/33) vs 16% (5/31),
respectively) (P=0.04). GA limits for treatment were less strict in the high-volume centers,
with an upper limit of >26+Oweeks in 42% (14/33), compared with 26% (8/31) in the low-
volume centers, but these results were not statistically significantly different (P=0.16).

Comparisons between high- and low-volume centers are presented in detail in Table 2.
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Figure 3 Box-and-whisker plots of number of surgeons per fetal therapy center according to number of
procedures performed annually in centers offering laser treatment for twin-twin transfusion syndrome. Boxes
represent median and interquartile range, whiskers are range excluding outliers and circles are outliers.



This is the first study to identify and compare differences in fetal therapeutic techniques
and protocol for TTTS between centers worldwide. We demonstrate considerable
variations in patient characteristics, instrumentation and techniques, which appear to be, at
least partially, related to the volume of patients treated and geographical circumstances
of the centers.

Throughout the world, different criteria for laser therapy are used among established
fetal medicine centers. In particular, there are differences in GA limits and cervical length
at which laser therapy is offered. Differences in patient selection, referral and treatment
options may significantly affect perinatal outcome data. These variations hamper the
interpretation and comparability of results from single centers.

Sixty-three percent of fetal therapists and 48% of centers perform <20 procedures per
annum. Even though there is limited evidence conceming the ideal number of procedures
that should be performed to maintain high-quality results®>, many studies have investigated
the relationship between hospital volume data and postoperative surgical outcomes in
other fields of surgery. Better outcomes have been reported in high-volume institutions for
high-risk procedures.*™ ‘Learning-curve’ and monitoring studies show that approximately
20-30 procedures per year (per operator) are needed to maintain a requisite skill level.>%,
To optimize surgical outcomes and to decrease the incidence of medical error, we propose
the implementation of a continuous audit system, allowing timely feedback at each center.
If fewer surgical procedures are performed annually, lower-volume centers will be at risk
of late recognition of substandard care or the incidence of complications.

Concentration of care for this highly specialized procedure has been advocated,* although
geographical circumstances can justify the need for low-volume centers, since timely
referral and treatment are associated with improved dual-twin survival and decreased
neurodevelopmental delay.” However, Tchirkov et al.®® showed that the advantages of
state-of-the-art laser treatment in a specialized medical center outweigh the risks of long
distance (air) transportation for TTTS patients. Since laser coagulation has been shown to
be the treatment of choice for TTTS, the benefits of offering it, albeit in lower-volume
centers, must be carefully weighed against offering only amnioreduction. In certain parts
of the world, and for some patients, referral to larger, more experienced centers for laser
treatment may not be possible.



Regardless of the number of fetal surgeons or number of procedures performed,
infrastructure in the management of TTTS is of major importance. Success rates depend
on performance of the entire team in the management of TTTS patients, as well as post-
procedure follow-up by referring specialists. Teamwork, discussion (including international
audits), stimulation and continuity may be factors that could help to optimize outcomes.

Since laser therapy was first introduced, several modifications have been described.
Improvements in instrumentation and laser technique seem to have improved the
success rate of placental dichorionization and thereby decreased the rate of subsequent
complications. The use of smaller instruments to prevent iatrogenic damage to the
membranes has been proposed once the learning curve has been overcome.” Recently an
international randomized trial showed that complete coagulation of the vascular equator
using the Solomon technique reduces the risk of recurrent TTTS and TAPS.3

In 55% of fetal medicine centers selective termination is available as an option, but it is
not clear whether this should be offered routinely, or only in specific situations (such as
in cases of discordant lethal anomalies or a moribund cotwin). In some centers selective
termination is not possible, often because of legal restrictions. Whether or not this
modality is available obviously influences several of the outcome parameters, hampering
comparison between centers.

Currently in the USA the Food and Drug Administration only permits the use of the Karl
Storz fetoscopic set for the treatment of TTTS between the GA limits of 16 and 26 weeks.
This restricts the USA centers in using wider GA limits for treating TTTS or using laser
treatment for other indications such as discordant growth restriction and TAPS.
Interestingly, we found that despite the lack of evidence for its efficacy, a large
proportion (44%) of centers offer laser therapy for severe discordant growth restriction
without evidence of TTTS. Before this new treatment option becomes assimilated into our
therapeutic armamentarium, we suggest that it be evaluated as a matter of urgency by an
appropriately powered, international, multicenter randomized controlled trial.

Our study has some limitations. Despite the use of fetal medicine networks to select
participants, small start-up centers might not have been included in this survey. However,
with a response rate of 72% (76/106) of fetal medicine specialists at the forefront of fetal
therapy, we think that the majority of centers are well represented. For this study, the
number of questions was limited and we relied on self-reporting of respondents, rather
than documentation of their practice. The study reflects current practice and is of value



in generating hypotheses and identifying areas for future research, but cannot be used as a
guideline, thus our results should be interpreted with caution.

It should be borne in mind that many cases of TTTS worldwide go untreated, emphasizing
the importance of ongoing education regarding TTTS. This study may serve as a starting
point for further discussion regarding the optimal treatment strategies for TTTS and may
provide a means of evaluating current therapeutic practices for patients with TTTS. Future
studies should focus on the development of evidence-based guidelines for a standardized
approach to the provision of laser treatment for TTTS.

We would like to thank all participants and participating centers for sharing invaluable data
about their practice. This research is supported by the Dutch Technology Foundation STW,
which is part of the Netherlands Organization for Scientific Research (NWO) and which is
partly funded by the Ministry of Economic Affairs.
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