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CHAPTER 5

Abstract

Objective

To investigate antenatal management and outcome in a large international
cohort of spontaneous and post-laser twin anemia polycythemia sequence
(TAPS).

Methods

Data of monochorionic twins diagnosed antenatally with TAPS collected in
the TAPS Registry between 2014-2019 were included in this study. Antenatal
diagnosis of TAPS was based on middle cerebral artery peak systolic velocity
(MCA-PSV) > 1.5 Multiples of the Median (MoM) in the TAPS donor and < 1.0
MoM in the TAPS recipient. Cases were assigned to the management groups
based on the first treatment that was received. The primary outcome included
perinatal mortality and severe neonatal morbidity. The secondary outcome
was diagnosis-to-birth interval.

Results

In total, 370 TAPS cases were antenatally diagnosed and managed either
with expectant management in 31% (113/370), laser surgery in 30% (110/370),
intrauterine transfusion (IUT) (with or without partial exchange transfusion
(PET)) in 19% (70/370), delivery in 12% (43/370), selective feticide in 8% (30/370)
or termination of pregnancy in 1% (4/370). Perinatal mortality occurred in 17%
(37/225) of the expectant group, in 18% (38/215) of the laser group, in 18%
(25/140) in the IUT (+ PET) group, in 10% (9/86) in the delivery group and in
7% (2/30) of the co-twins in the selective-feticide group (p = 0.177). Severe
neonatal morbidity was 49% (41/84) in delivery, 46% (56/122) in IUT (+ PET),
31% (60/193) in expectant management, 31% (57/182) in laser surgery and 25%
(7/28) in selective feticide (p = 0.027). Median diagnosis-to-birth interval was
longest after selective feticide (10.5 weeks; 1QR: 4.2-14.9), followed by laser
surgery (9.7 weeks, IQR: 6.6-12.7), expectant management (7.8 weeks; IQR: 3.8-
14.4), IUT (+ PET) (4.0 weeks, IQR: 2.0-6.9 weeks) and delivery (0.3 weeks, 1QR:
0.0-0.5), p < 0.001. Treatment for TAPS varied greatly within and between the
17 fetal therapy centers.
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TREATMENT AND OUTCOME IN 370 TAPS CASES MANAGED IN 17 CENTERS

Conclusions

Antenatal treatment for TAPS differs considerably amongst fetal therapy
centers. Perinatal mortality and morbidity were high in all management groups.
Prolonging pregnancy was best achieved in expectant management, laser
surgery and selective feticide.
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CHAPTER 5

Introduction

Twin anemia polycythemia sequence (TAPS) occurs as the result of chronic
unbalanced feto-fetal transfusion through minuscule placental anastomoses in
monochorionic twins, leading to anemia in the donor and polycythemia in the
recipient.” Unlike twin-twin transfusion syndrome (TTTS), TAPS develops in the
absence of twin oligohydramnios-polyhydramnios sequence (TOPS). TAPS can
occur spontaneously in 3-5% of monochorionic twins, or can arise in 2-16% after
incomplete laser surgery for TTTS due to the presence of minuscule residual
anastomoses.??

TAPS is a relatively new disease, with its first description originating from
2006.“ Since then, knowledge of TAPS has greatly increased and insights into
pathophysiology, diagnosis and outcome have gradually been established.
However, the best antenatal management option for TAPS is still unknown.
Options include expectant management, preterm delivery, intrauterine
transfusion (IUT) in the donor with or without partial exchange transfusion (PET)
in the recipient, fetoscopic laser surgery of the placental vascular anastomoses
and selective feticide. Since TAPS is associated with high rates of adverse
short- and long-term outcome, it is crucial to investigate which management
strategy provides TAPS twins the best outcome.®® Unfortunately, due to the low
incidence of the condition, studies are limited to small numbers, hampering
generalizability of results and demanding extreme caution when comparing
the outcomes. To generate more substantiated knowledge on the effects
of management strategies for TAPS twins, we set up the TAPS Registry, an
international collaboration aimed at collecting data on diagnosis, management
and outcome in TAPS.

The aim of the current study is to investigate perinatal outcome of different
antenatal management strategies and to report the antenatal management
choices for TAPS in various fetal therapy centers across the world.

Methods

Registry
The TAPS Registry (www.tapsregistry.org) was established in 2014 as a web-
based registry for anonymous data collection. Fetal therapy centers across
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TREATMENT AND OUTCOME IN 370 TAPS CASES MANAGED IN 17 CENTERS

the world were invited to participate. Participating centers were supplied with
personal credentials to enter data of their TAPS cases into the online registry.
Between 2014 and 2019, a total of 17 centers contributed to data collection
(see Appendix 1).

Inclusion criteria

Women were eligible for the study if they were pregnant with monochorionic
twins diagnosed with spontaneous or post-laser TAPS. The diagnosis for TAPS
was based on a MCA-PSV discrepancy, with an increased MCA-PSV value (>1.5
Multiples of the Median (MoM)) in the TAPS donor combined with a decreased
MCA-PSV value (<1.0 MoM) in the TAPS recipient, in absence of TOPS.? Cases
were excluded if they only had a postnatal diagnosis of TAPS (and were missed
antenatally) and/or if they were diagnosed with post-laser TAPS within one
week after laser for TTTS, unless TAPS was ongoing after one week and/or
if they were first diagnosed with TAPS at stage 5. Of note, the outcome from
postnatally diagnosed cases are presented in two other studies investigating
outcome in spontaneous and post-laser TAPS separately.’®"

Collected information

Data on maternal characteristics, diagnosis, management, delivery, placental
injection studies, and perinatal outcome were collected. The following
information was retrieved from local medical records: gravidity, parity, location
of the placenta, moment of diagnosis (ante- or postnatal), gestational age
(GA) at diagnosis and TAPS stage at diagnosis. For antenatal management for
TAPS, the type of management was recorded: expectant management, preterm
delivery, IUT (+ PET), fetoscopic laser surgery, selective feticide or termination
of pregnancy (TOP). For each management decision the GA and TAPS stage
were noted, as well as the indication. The severity of antenatal TAPS was
determined according to the previously published staging system by Slaghekke
et al.”? For delivery, the following parameters were retrieved: type of delivery
(spontaneous or planned), mode of delivery (vaginal or cesarean) and type of
cesarean (elective or emergency). Based on placental color dye examination,
the type, size and number of placental anastomoses were recorded. Perinatal
outcome included: donor/recipient status, hemoglobin and reticulocyte values,
treatment with blood transfusion for anemia or partial exchange transfusion
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CHAPTER 5

for polycythemia on day 1, the presence of severe neonatal morbidities and/
or severe cerebral injury and the occurrence of perinatal mortality.

Management-group allocation

We defined the following antenatal management groups for TAPS: expectant
management, delivery (defined as a delivery within 7 days after diagnosis), IUT
(+ PET), laser surgery and selective feticide. Since TAPS cases can be managed
according to different strategies in the same pregnancy, management-group
allocation was based on the first treatment that was performed. The following
rules were applied to management-group allocation: cases were assigned to
the laser, IUT (+ PET), or selective-feticide group if that was the first treatment
they received within 14 days after diagnosis of TAPS (we allowed a one-week re-
examination to confirm the diagnosis of TAPS). If this treatment was performed
after 14 days, cases were included in the expectant management group. If cases
received laser surgery combined with an IUT during the same procedure, they
were assigned to the laser group. When cases had an incomplete laser surgery
and other interventions were needed to manage persisting or recurring TAPS,
they were assigned to the laser group.

Characteristics for the population

The following parameters were studied for all management groups: type of TAPS
(post-laser or spontaneous), location of the placenta, GA at diagnosis, TAPS
stage at diagnosis, preterm premature rupture of the membranes (PPROM),
GA at PPROM, type of delivery (spontaneous or planned), mode of delivery
(vaginal or cesarean), GA at birth, the presence of TAPS postnatally, treatment
for postnatal TAPS (defined as a blood transfusion for the donor and/or a
partial exchange transfusion for the recipient at birth) and number of survivors
per case. The postnatal diagnosis for TAPS was established on the presence
of an inter-twin hemoglobin difference > 8.0 g/dL combined with least one of
the following: a reticulocyte count ratio > 1.7 or the presence of only minuscule
vascular anastomoses detected through color dye injection of the placenta.>™
Furthermore, we studied specific management-related characteristics for each
management group. For expectant management we investigated spontaneous
resolution of TAPS (defined as the absence of TAPS postnatally). For IUT (+PET),
the number of interventions, time interval between interventions (in days),
and site(s) of transfusion were examined. In cases with multiple IUT (+ PET)
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procedures, the median number of days between interventions was used. For
laser surgery we examined recurrent/persistent TAPS, the presence of residual
anastomoses, and delivery within 24 hours after the procedure. For selective
feticide, donor/recipient status of the treated fetus and the reason for selective
feticide were evaluated. For expectant management, IUT (+ PET), and laser
surgery any additional treatment after the initial intervention was recorded.

Primary and secondary outcomes

The primary outcomes of this study were perinatal mortality and severe
neonatal morbidity. Secondary outcome was diagnosis-to-birth interval.
Outcomes were compared between expectant management, delivery, IUT
(+ PET), laser surgery and selective feticide, for the total group, and for
spontaneous and post-laser TAPS separately. Perinatal mortality was defined
as fetal demise or neonatal death within 28 days after birth. In the selective-
feticide group, perinatal mortality was only reported for the co-twin. Severe
neonatal morbidity was defined as the presence of at least one of the following,
diagnosed within 28 days after birth or before discharge to home: respiratory
distress syndrome requiring mechanical ventilation and surfactant, patent
ductus arteriosus requiring treatment, necrotizing enterocolitis > stage 2,
retinopathy of prematurity > stage 3,'® amniotic band syndrome, ischemic
limb injury or severe cerebral injury. Severe cerebral injury was diagnosed in
case of one of the following abnormalities was identified on cerebral imaging:
intraventricular hemorrhage > stage 3,7 ventricular dilatation (including post-
hemorrhagic ventricular dilatation)”® cystic periventricular leukomalacia 2
grade 2, porencephalic or parenchymal cysts, arterial infarction or other
severe cerebral lesions associated with adverse outcome.

Statistical analyses were carried out using SPSS version 25.0 (IBM, Armonk,
NY, USA). Data are presented as medians and interquartile ranges (IQR) or
range (minimum-maximum), or n/N (%), as appropriate. A p-value < 0.05 was
considered statistically significant. To compare management groups, the
outcome in the expectant-management group was set as the reference value.
Continuous data on pregnancy level was compared using the one-way ANOVA
with Tukey correction. A Chi-square test was used for categorical data on
pregnancy-level. To account for the fact that observations between co-twins
are not independent, outcomes on fetal or neonatal level were compared
using the Generalized Estimated Equation (GEE) module. As a GEE cannot be
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carried out when an outcome event does not occur in one of the groups, an
adjustment to the data was applied. With this adjustment, an unaffected child
was changed into an affected child, for all groups. This correction generates
more conservative p-values.

Results

Of the 422 TAPS cases that were entered in the TAPS Registry, 10% (43/422) was
diagnosed postnatally and excluded from the study. From the remaining 379
cases, nine cases were excluded based on post-laser TAPS diagnosed within
one week after laser for TTTS (n = 8) and antenatal TAPS stage 5 at diagnosis
(n =1). A total of 370 cases were included in the study. Information on the
cases contributed by each fetal therapy are detailed in Appendix 1. Antenatal
management consisted of expectant management in 31% (113/370), laser surgery
in 30% (110/370), IUT (+ PET) in 19% (70/370), delivery in 12% (43/370), selective
feticide in 8% (30/370) and termination of pregnancy in 1% (4/370). Table 1
shows diagnosis-, pregnancy- and delivery-related characteristics for expectant
management, laser surgery, IUT (+ PET), delivery and selective feticide.

Expectant management

The median GA at diagnosis in the expectant management group was 22.6 weeks
(IQR: 19.9-27.1, range: 15.1-35.1). The median antenatal TAPS stage at diagnosis
was 2 (IQR: 1-2). Spontaneous resolution was seen in 16% (18/111)1 of cases that
were managed expectantly, and occurred after stage 1in 17% (9/52), stage 2
in 13% (6/45), stage 3 in 20% (2/11) and in stage 4 in 20% (1/5). In 11% (13/113)
of cases, an alternative management strategy was performed after 14 days
of expectant management. An IUT (+ PET) was elected in eight TAPS cases
(after 15-97 days from diagnosis), based upon progression of TAPS stage (n = 5),
ongoing stage 1 TAPS (n = 2) and initial recovery followed by recurrence of TAPS
after 13 weeks (n = 1). In five cases managed expectantly, laser surgery was
performed for progression of TAPS (after 15-38 days from diagnosis). In two
cases managed with laser surgery, a delivery took place within 24 hours after
the procedure, resulting in miscarriage (23 weeks) and premature (28 weeks)
birth, with double survival in the latter. In the other three cases, perinatal
survival was seen in 5/6 neonates.

1 Missing values of the results presented in this paper are reported in the corresponding tables
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CHAPTER 5

Laser surgery

Laser surgery was performed at a median GA of 22.0 weeks (IQR: 19.5-24.3, range:
16.1-30.1). Spontaneous TAPS cases made up the majority of this treatment
group (78%; 86/110). In total, 43% (47/110) of the TAPS cases treated with laser
surgery had an anterior placenta. Laser surgery was combined with an IUT in
the same procedure in 11% (12/110) of the cases. In 4% (4/108) of cases treated
with laser, a delivery took place within 24 hours after the procedure (at 21, 22,
24 and 28 weeks). Recurrent TAPS was seen in 15% (16/106) of the cases treated
with laser surgery. Out of the 16 cases with recurrent TAPS, one was diagnosed
with TAPS only postnatally. The remaining 15 were managed expectantly in 2%
(3/110), with IUT (+ PET) in 5% (5/110), laser reintervention in 2% (2/110) and
selective feticide in 6% (5/110). In the cases managed expectantly, spontaneous
resolution of TAPS was seen in one case. In the other two cases neonatal
mortality occurred in three of four liveborn infants. In the recurrent-TAPS cases
that were managed with IUT (+ PET), fetal demise of the donor occurred in two
out of the five twins after the first IUT. In both cases the co-twin survived. In
the other three cases, two or three IUT (+ PET) interventions were performed
and all infants survived. Both laser reinterventions for recurrent TAPS were
successful resulting in perinatal survival of the twins. Five recurrent TAPS cases
were treated with selective feticide; four were performed in the donor twin,
one in the recipient twin. In one case, fetal demise of the co-twin occurred.
Aside from the recurrent-TAPS cases, a selective feticide was performed in
two other cases treated with laser surgery, based on severe cerebral injury in
the donor detected after laser intervention. In 9% (6/65) of liveborn twin pairs
treated with laser surgery, postnatal TAPS was diagnosed. Placental injection
information was available in 32% (36/110) of cases treated with laser surgery.
Residual anastomoses, which were always minuscule, were detected in 19%
(7/36). All cases with residual anastomoses (100%; 7/7) had recurrent TAPS.

IUT (+ PET)

An IUT (+ PET) was performed at a median GA of 26.3 weeks (IQR: 23.6-28.8,
range: 18.0-32.1). The median antenatal TAPS stage at diagnosis was 2 (IQR:
1-2). An IUT was combined with PET in the recipient in 21% (15/70). In total, 73%
(51/70) of the IUT (+ PET) group had one intervention, 13% (9/70) had two, 7%
(5/70) had three, 6% (4/70) had four, and 1% (1/70) had six interventions with
IUT (+ PET). The median time between interventions was 13.0 days (IQR: 8.6-
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16.8; range: 6.5-21.0). The transfusion site was only intravenous in 70% (15/67),
only intraperitoneal in 10% (7/67), and combined in 19% (13/67). An alternative
management strategy was decided in 14% (10/70) of the cases treated with IUT
(+PET). Three cases were treated with laser surgery, all within one week after
the first IUT and based on progressive or recurrent TAPS. One laser procedure
was complete, the other two were incomplete and both had recurrent TAPS. In
seven cases treated with IUT (+ PET), a selective feticide in the TAPS donor was
performed based on recurrent or progressive TAPS (n = 5) or severe cerebral
injury (n = 2).

Delivery

Delivery (within 7 days after diagnosis) took place at a median GA of 31.9 weeks
(IQR: 29.1-34.1; range: 26.0-36.0). The median antenatal TAPS stage for cases
treated with delivery was 1 (IQR: 1-2). In total, 88% (76/86) had a cesarean
section.

Selective feticide

Selective feticide was performed at a median GA of 22.1 weeks (IQR: 19.9-23.2,
range: 17.1-24.6). Reasons for selective feticide included TAPS (67%; 20/30), or
TAPS with co-existing: severe growth restriction (10%; 3/30), severe cerebral
injury (10%; 3/30), or congenital anomalies (10%; 3/30) In one case, selective
feticide was performed on request of the parents (3%; 1/30). In 87% (26/30) of
the group, selective feticide was performed in the TAPS donor.

Comparison of outcome between groups

Table 2a provides further information on the outcome for each management
strategy. The rate of perinatal mortality was comparable for expectant
management (17%; 39/225), laser surgery (18%; 38/215), IUT (+ PET) (18%;
25/140), delivery (11%; 9/86), and selective feticide (7%; 2/30), p = 0.177. Severe
neonatal morbidity was significantly higher in twins treated with delivery (49%:;
41/84) and IUT (+ PET) (46%; 56/122) than in twins managed expectantly (31%;
60/193), treated with laser surgery (31%; 57/182) or selective feticide (25%;
7/28), p = 0.027. Diagnosis-to-birth interval was 7.8 weeks (IQR: 3.8-14.4) in the
expectant management group, 9.7 weeks (IQR: 6.6-12.7) after laser surgery and
10.5 weeks (IQR: 4.2-14.9) after selective feticide and was significantly shorter in
twins treated with delivery (0.3 weeks, IQR: 0.0-0.5) and IUT (+ PET) (4.0 weeks,
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IQR: 2.0-6.9), p < 0.001. The prevalence of postnatal TAPS was comparable for
expectant management (74%:; 66/89), IUT (+ PET) (71%; 36/57), and delivery (84%;
36/43), and significantly lower in twins treated with laser surgery (9%; 6/65), p
< 0.001. In table 2b and 2c, outcome for management strategies are presented
for spontaneous TAPS and post-laser TAPS separately.

Management choices for 17 fetal therapy centers

Figure 1 shows management choices for TAPS amongst 17 fetal therapy centers.
Overall, management varied considerably. Some centers, like Leiden, Milan
and Brisbane, adopt a more conservative attitude and manage a considerable
number of cases expectantly. In contrast, London, Paris, and Houston treat
TAPS cases more invasively, with laser treatment or selective feticide. Fetal
therapy centers in Hamburg and Barcelona generally refrain from doing in-
utero interventions and manage the majority of cases expectantly or with
delivery. The remaining centers do not show a remarkable trend or preference
in management and apply the different treatment options alternately.
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London (GBR) Houston (USA) Paris (FRA) Toronto (CAN)
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Graz (AUT) Moscow (RUS) Strasbourg (FR) Leuven (BEL)
New Haven (USA) ANTENATAL MANAGEMENT
Expectant management @ Laser surgery
" m Delivery B Selective feticide
. IUT (+ PET) B Termination of pregnancy

Figure 1. Antenatal management for TAPS in 17 fetal therapy centers

125




CHAPTER 5

9ouanbas eiwaylAdhjod elwaue UIM] ‘SdYL ‘UOISNiSURI] 3URYIXD Jelried ‘|34 ‘uoISnNjSULI} poolq ‘1g ‘988 1RPUOIIR}SS ‘YO ‘UOISNJSURI} SUlIBINRIIUL ‘LN
pandde SI SJUaA® SUIJINID0-UOU 4O UOI1IDJI0D 1BIIISIIRIS @

13d/19 U0 e1ep SUISSIW YlIM UIMI-0D G ¢ ‘SNJeA SUISSIW

# [ (Y1d1g 1e 13d/19g UO e1ep SUISSIW YIIM Sased || snjd x, Se dWesS) SanjeA SUIsSIW Lz F (W021N0 [e1eu0su SUISSIW YlIm sased g snid b, se) sanjea
SUISSIW QL % SONJBA SUISSIW G b UOIPWIOJUI [3d/LE UMOUNUN YIIM S8SeD G SNd ,f, Se 9WeS) SaNJeA SUISSIW €L § ‘(A1IPIqIOW [eIRUOSU UMOUNUN YlIM
S9SPD # PUB ‘Y1J1q 49348 A]1I0YS palp 1.yl Sased € snid ,J, Se awes) sanjeA SuISSIW g + (3WO021IN0 [e1rU0sU 91891dWOdUl YIIM JuBjUl L) BNJeA SUISSIW | |
‘uwn)od anjea-d ay3 ul pajuasald st jeyl anjea-d 1Sa)ews ayl Sa1edipul , Ue ‘sanjea-d Juedyiusis

1ussaidal SIaquinu plog "92Ua19)al B Se 18S Sem JuaWadeurw Jue1dadxa ‘syuswiess) aledwod oL (%) N/U 10 (YOI) uelpaw se pajuasaid ale eleq

L00°0> 0(0) €2/0 (LS) v8/8% (LS) 8LL/09 F4(8) LLL/EL §(€¥) 88L/L8 #SdV1 404 y1iig 3e 13d/149
1L00°0> - (78) €%/9¢ (L2) 1G/9¢€ +(6) 59/9 (%7£) 68/99 SdV1 |eleulsod
8600 (0) 8z/0 (oL) #8/8 «(LL) aL/eL *(€) ¢8L/9 +(5) €6L/0L aAdnful eigalad a1snss
£20°0 (52) 8¢/L «(6%) ¥8/Ly (9%) zzL/9s A(L€) T8L/LS +(L€) €6L/09 Avipigiow jereuOdU B19A8S
70€°0 (€6) 0€/8C (86) €¥/Th (96) 0£/19 (€6) LOL/66 +(96) TLL/L0L QU0 }sea] Y
L00'0> +(0) 0€/0 (L8) €v/s€ (0£) 0L/6% (€L) LOL/8L L) ziL/o8 H"OM|
1L00°0> «(€6) 0€/8C (9L) €%/¢ (92) 0£/8L (61) LOL/0T +(we)eL/Le 9uQ0
6G€°0 (L) og/e () ev/L (7)0L/€ «(£) L0L/8 +(7) TlL/s 9UON
SJOAIAING
08¢0 (0) 8z/0 +(0L) 98/6 (9) zel/L b(s) z8L/0L +(2) L0z/SL aAllle1IOW JRIRUOBN
#7¢0°0 (£)o€g/e +(0) 98/0 (€L) ovL/8L (€L) Slz/8T (L) 9zz/ve 9sIWap 1eled
L1110 +(4) 0€/T (0L) 98/6 (8L) 0%L/S¢ b(sL)sLz/8¢ +(L1) sz /eg fineriow jereuriad
L00°0 > (6'71-C) G 0L #(5°0-0) €0 (6'9-02) 0°'% (L'2l-9'9) L6 (7'7L-8'€) 8'L  (S93m) JeAlaiul Yuig-0-sisouselq
L00°0> (8We-L1T)Lce  (LvE-160) 6'LE  #(0°€EE-E°8T) L'LE (L've-L'62) 8'LE (6%¢€-1'0€) 0°€€ (S398M) Yy1ig e vo
(suimy-0d o€ (sasn1aj 98 (sasnaj oyL
‘sapueusSaad  ‘sapueusSaid ‘{sapueusaid (sesmaj 0zz (sasn1d} 9zz
0€=N) €4=N) 0/=N) ‘sapueusaid oLL =N) ‘sapueusaad €L = N)
anjea-d  apid113) 9A1}I9)9S Aiannag (13d 7) 1n1 A1984ns J9se] jusawaSeuew jueldadxy dNoyo 1YLOL

UIM} SdV1 1]e 104 8PID1334 9A1}I319S puR ‘A1aANep ‘(13d ¥) LNI ‘A1984ns Jase) ‘Juawaseurw jueidadxa Jo sW0INQ “eg djqeL

126



TREATMENT AND OUTCOME IN 370 TAPS CASES MANAGED IN 17 CENTERS

9ouanbas elway1Ad4jod elwaue uiml ‘SdyL ‘uoisnisuell a8urydxa jeinled ‘]34 ‘Uoisnjsuell poolq ‘1 g ‘@8e 1euoile1sas ‘yo [Uuoisnisuell auliainesiul ‘In|
paldde s SJusAs SuUl4INdI0-UOU 1O UOIFIII0I |BII1SIIeIS ¢

SaneA SUISSIW G O (Yl1q Ja1je A110811p palp 1uejUl BUO)

anjeA SuIssIw | [ ‘( (uollew.oul 13d/19 IN0OYUM S1uejul oL snid %, Se dWes) sanjeA SuISsIw /L 3 “(A1plgiow je1euoau umousun yim siuejul ¢ snyd * b,
Se aWes) SaNJeA SUISSIW / x (3W02IN0 SuUIsSIW sanueusald z) senjea SuIsSiW # b Y1iig 18 13d/19 U0 UOITew o ul SUISSIW YIM sased # snjd 1, se awes)
SonjeA SUISSIW § § (BWO0IN0 1RIRUOBU UMOUMNUN LIIM S3SeD € SN|d 1, Se aWes) SanjeA SUISSIW + £ (3W0IIN0 [e1RUOSU UMOUNUN) 3NJeA SUISSIW | |
uwn)od anjea-d ayl ul pajuasald si eyl anjea-d 1S8]1eWS 8yl syuasaltdal , ue ‘sanjea-d Juedylusis

1Uasaidal SIaqunu Plog '9IUBI9JRI B Se 18S Sem JuaWadeurw Jue1dadxe ‘syuswieal) aJedwod oL (%) N/U 10 (YOI) uelpaw se pajuasaid ale eleq

L00°0> 0 (0) €L/0 J(09) £9/0% (7S) 05/.¢T Fs(L)SEL/6 §(0%) 68/9¢  #SdVL 10j Yyuiqie 13d/14
L00°0> - (z8) vE/8e (L2) v/l (8) LG/% (£9) 9%/1€ SdVl 1e1RU}SOd
660°0 (0) £L/0 J() 29/s «(8) 05 /% % (2) SwL/¢€ +(2) €6/¢ afanfureigalad 819nas
9%0°0 W)LY J«(8%) L9]2€ (%) 06/CC A(LE) G7L/GY +(87) €6/97 A1pigiow 1e1RUOBU 319ADS
7L10 (68) 6L/LL (ooL) 7€/7¢€ (ooL) 9z/9¢ b (v6) 78/6L 1+ (86) 05/6% 9UO 1sed) Y
L00°0> +(0)6L/0 (98) w€/6C (¢6) 92/%¢ b (52) #8/€9 1 (¢8) 05/Ly H"OM|
L00'0> #(68) 6L/LL (S1) vE/s (8) 9/t b (61) ¥8/9L +(91) 05/8 auo
8/L°0 (L) 6L/ (0)v€/0 (0) 92/0 b (9) %8/ +(2) 05/L # dUON
SIOAIAING
S9L0 (0)L/0 (£)89/s +(0) 05/0 b(%) 84L/9 (1) 96/L #A111R1IOW JeIRUOBN
7010 #(LL) 6L/C (0) 89/0 () ¢S/ (L) 89L/0¢ () coL/s #dSIWAp 18184
8LL0 (L 6L/t () 89/s «(¥7) ¢S/ lb(sL) 89L/9¢C Lz Lot/zL Aeriow 1ereuriad
(SEE)
L00'0> (€91-9°€) L'LL %(8°0-0"0) €0 (€s-€1) 7T (0#L-2'9) €0L (7'SL-G°7) £ 1eAJa1ul yliig-o01-sisouselq
%20°0 x(5'S€-T°LT) 9°0€ (ewe-Lie) Tee (L'ee-Log) e'Le (7'%7€-1'62) 6'LE (r'se-€'Le) 9°€e (S399M) Yy1iiq 1e vo
(suimi-0d 6L (sasnmaj 89 (sasn1dj 25 (sasmaj z/L (sasmaj zoL
‘saueusaid gL =u) ‘sanueusaid ¢ = u) ‘saueusaid 9z = u) ‘sapueusaid 9g = u) ‘sanueusaid LG = u)
anjean-d  apIdNay) anIIB)S Aiannag (13d #) 1n1 A138ins Jase juswaSeuew jueldadxy SdV1 SNOINVLNOJS

SUIM] SdYL Snoaueuods J0) BpIdI18) BAI1D318S PUe AJBAIBP ‘(L3d F) LNI ‘A1884ns Jase) ‘JuswaSeuew jue1dadxs JO aW0IIN0 gz dqeL

127



CHAPTER 5

paljdde SI S1USA® SUIJINID0-UOU 404 UOI}IDJI0D 1BIIISIIRIS @

3duanbas

elwaylAdAjod elwsue uimy ‘Sqyl -uoIsnjsuel} agueydxs |ellied ‘| 3d ‘UOISNiSuURI} poo|q ‘Ig ‘@388 |rUOI1RISAS ‘YD (UOISN SuURI} dulIaINeIIUl ‘I N]
dNjeA SUISSIW | ¢ “ (UY1d1g 43148 A110841p PaIp 1URLUI |) SONJRA SUISSIW | [ (UOITRWIOLUI 13d/1G UMOUXNUN S81RUOSBU %) SONRA SUISSIW % F (UOIIRWIOLUI
13d/19 Suissiw yiim ased sauo snid ,Jb, Se awes) SanjeA SUISSIW € x ‘sanjeA Suissiw g [b (3wWo21n0 umouyun) anjeA SUISSIW | § (uollew.osul 134/19
SUISSIW Y1Im 858D 3u0 snjd ‘|, Se 9Wes) SaNjeA SUISSIW 9 £ (S3WO02IN0 SUISSIW YIIM SIURJUI € ‘Y1JIq 49148 A|1D34Ip palp S1UejUl 7) SONJeA SUISSIW G |
uwnjod anjea-d ayl ul paiuasald si eyl anjea-d 1sajjews ayl syuasaldal , Ue ‘sanjea-d 1uedyIugis

1u9saldal siaquinu pP1og "'9JUBJa4aJ B Se 19S SBM JudWaSeurwW 1ur12adxa ‘Sjuswieall aledwod 0 (%) N/U 40 (¥DI) uelpaw se pajuasald ale eleq

LLO'0 0 (0)0L/0 [(7)11/8 F(6%) 89/€€ A %(LL) 9E/% $(S5%) 66/GY #SdV1 404 y1iig 3e 13d/19
L00°0> - (68) 6/8 (02) Lz/6L (L) wL/T (L8) €v/S€ SdVl1 1e1eulsod
710 (0) LL/0 % (8L) £L/€ (€L)eLle fwv LE]€ (8) ooL/8 aAdnful 1esgalad a1aAas
8GL0 (Lo LL/e [ «(€9) LL/6 (L7) TLlve b(ze) Le/TL +(7€) 00L/¥E  AMPpIQIOW 1€IRUOSU B19ADS
LLLO (ooL) LL/LL (68) 6/8 (€6) 74/ly (£8) €z/0T (¥6) 29/8G QU0 1se9] Y
L00°0> «(0)LL/0 A 9) 6/9 (£8) 7%/SC (02) €z/9L (€9) 79/6€ nOM|
L00°0> «(00L) LL/LL 20) 6/t (9€) 74/9L (L) €2/ (L€) 29/6L du0
LLLO (0)LL/0 A L) 6/L (L) 7v/€ (€L) €z/€ (9) 29/% #9UON
SIOAIAING
0%0°0 (0)LL/o0 «(TT) 8Ll% (o) ¢/t (oL) 6€/% (8) soL/8 ~A1l1e1I0W JRIRUOBN
89¢C°0 «(0) LL/O +(0)8L/0 (8L) 88/9L § (LL) 1%]8 (GL) zL/6lL 9SIWIP 10194
LLC0 +(0) LL/O (¢T) 8L/v (92) 88/¢€C §(92) L¥/TL (ce)wel/ie aAlle1IIOW 1eIRUIIRd
(SAm)
L00°0> (79l-T'6) 70l £(7°0-2°0) €0 (6'8-5°7) 8% (7'L-6'G) L'8 (E%1-L%) 0'8  1eAJIDIUI YLIIg-01-SIsouselq
£20°0 (0we-€rLe) 9ee (8'Le-L17) 06T %(0°€€-0"62) 6'6C §(Lee-1'67) L'LE (9%e-%'67) 9°CE (S3AM) yuig e vyo
(sasmdj ze (sasmaj 8L (sasmaj 88 (sasmaj 8y (sasmay
‘{sapueusaad LL =u) ‘sapueuSaid 6=u) ‘sapueuSaid 4y =u) ‘saueusaid 4z =u) #HelL ‘sapueusaid zg = u)
anjen-d  9pId1IB) BAINID)BS AKiannaqg (13d 7) 1nI A1981ns Jase] juswageuew jueldadxy SdVL ¥3SV1-1S0d

SUIM) SdVL Jase]-1sod 1o apId11a) 8AI12919S pue AISAIep (13d #) LN| “A188.ns Jase) ‘Juswesdeuew 1ue}dadxs Jo swWodINQ I djqel

a0
o™~
—
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Discussion

This is the first large international study investigating outcome after antenatal
management for TAPS. We found that perinatal mortality and severe neonatal
morbidity rates were high in all treatment groups. Management for TAPS varied
considerably within and between fetal therapy centers, reflecting the lack of
international consensus on the most optimal management strategy. With this
study we present new information on treatment for TAPS, thereby providing a
more detailed context to management decisions, leading to a more enhanced
understanding of TAPS and the clinical implications of each treatment strategy.

Perinatal outcome

Confirming findings from previous smaller studies,?*?* we found comparable
perinatal mortality rates for all management strategies, for the total cohort
as well as for spontaneous and post-laser TAPS separately. Notably, post-
laser TAPS twins showed substantially higher rates of perinatal mortality than
spontaneous TAPS twins in all management groups, illustrating the impact of
preceding TTTS on the outcome of twins with post-laser TAPS. Severe perinatal
morbidity rates were high in all groups, but were significantly increased in cases
treated with IUT (+ PET) or delivery. Notably, twins managed with IUT (+ PET) were
delivered at a significantly earlier gestation, which is known to have significant
impact on short-term outcome.®™ However, twins that had a delivery were born
at a comparable gestation as twins treated with laser, which might suggest
that other factors might also play a role. Our results show that expectant
management, laser surgery and selective feticide generate a prolongation of
pregnancy of 7-10 weeks after the diagnosis of TAPS. A prolonged pregnancy
after laser surgery compared to expectant management and IUT (+ PET) was
previously reported by Slaghekke et al.?® Our study shows that TAPS cases
treated with IUT (+ PET) had a significantly shorter diagnosis-to-birth interval.
Although gestation can be prolonged by reintervention with IUT (+ PET), the
majority of TAPS cases had only one intervention. A possible explanation could
be that due to the relatively high GA at diagnosis, caregivers preferred delivery
with subsequent postnatal treatment over continuous exposure of TAPS, as
soon as an acceptable gestation was achieved. The shortest diagnosis-to-birth
interval was seen in the delivery group, in accordance with the management-
group definition.
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Optimal treatment?

Determining the most optimal treatment option is crucial to improve outcome
in TAPS. Laser surgery is the only management option that directly treats
the cause of TAPS, and has shown to drastically improve outcome in TTTS.%
However, laser in TAPS is technically more challenging than in TTTS, due to the
absence of TOPS, which may lead to reduced accessibility and visibility of the
placental surface. This can be especially problematic in case of an anterior
placenta. To optimize technical conditions, TOPS can be artificially created with
amnioinfusion in one sac and amniodrainage of the other, but this requires
more needle insertions and might increase chances of PPROM and premature
birth. However, we report PPROM in 37% and delivery within 24 hours after
laser in 4%, which is comparable to laser for TTTS.3 A second technical problem
comes with the size of TAPS anastomoses, which are known to be minuscule and
might therefore be harder to find during procedure. In line, our data showed
that TAPS recurred in 15% of cases treated with laser surgery, which is more
than twice as high as the recurrence rate of TTTS after laser.> Moreover, we
have shown that residual anastomoses after laser for TAPS always lead to the
recurrence of the disease. To prevent residual anastomoses and to ensure
coagulation of anastomoses that cannot be visualized, the Solomon technique
might be of added value®. Nevertheless, the rate of residual anastomoses in
TAPS was comparable to the rate of residual anastomoses in TTTS (both 19%),?
and 43% of lasers were performed in cases with an anterior placenta, showing
that, despite the practical limitations, laser for TAPS is technically feasible.

Although promising in approach, our data show that laser surgery does not
seem to improve (nor deteriorate) perinatal outcome when compared to
expectant management. However, laser surgery was associated with a high
diagnosis-to birth interval, especially in contrast to treatment with IUT (+ PET).
As prematurity has a profound impact on short- and long-term health in TAPS
twins, prolonging pregnancy is of utmost importance to improve outcome.®”
" Notably, a comparable prolongation of pregnancy was achieved with selective
feticide and expectant management. However, selective feticide comes with
a high price, as parents lose at least one baby and do not have a guarantee
of healthy survival for the co-twin. Alternatively, in expectant management,
prolonging of pregnancy likely results in continuous exposure to potential
detrimental effects of TAPS, as only 16% showed spontaneous resolution.
As risk for perinatal mortality and morbidity increases with incrementing
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antenatal TAPS stage, definitive treatment with laser might be the most optimal
intervention to improve perinatal outcome for this condition.’®™

One should be extremely cautious with drawing conclusions based on
the results of this registry. Due to the retrospective nature of this study,
management groups are very likely to be subject to selection bias. As our
data have indicated, management groups differed in terms of GA at diagnosis,
severity of TAPS, and type of TAPS. Since higher TAPS stages and post-laser TAPS
are associated with poorer prognosis, these factors could have significantly
influenced perinatal outcome rates.”®" Moreover, long-term outcome was not
investigated in this study. Previous studies have shown that the detrimental
effects of TAPS are not limited to the perinatal period, but also manifest later
in life.>” Therefore, the true effect of management for TAPS can only be properly
investigated when TAPS cases are randomized between treatment groups, when
stratification for risk factors is applied, and when long-term consequences are
taken into account.

In conclusion, this registry shows that there is an extensive heterogeneity
in management for TAPS, both within and amongst fetal therapy centers. To
improve outcome in TAPS, and to generate an international consensus on
optimal management, a randomized controlled trial (RCT) is urgently needed.
Recently, the TAPS Trial, an international multicenter open-label RCT comparing
laser surgery to standard care (expectant management, IUT (+ PET), preterm
delivery) has started recruiting patients.?
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Appendix 1. Participating centers and the
contributed to this study

number of TAPS cases they

Number
Center Country of TAPS

cases
Leiden University Medical Center The Netherlands 105
Leuven University Hospital Belgium 41
Necker-Enfants Malades Hospital Paris France 39
Children’s Hospital V. Buzzi Milan Italy 28
Center Medico-Chirurgical Obstetrical Strasbourg France 23
Mount Sinai Hospital Toronto Canada 22
Hospital Universitari Vall d'"Hebron Barcelona Spain 15
Saint George's Hospital London United Kingdom 14
University of Texas McGovern Medical School at Houston  United States of America 14
Medical University of Graz Austria 13
University Medical Center Hamburg-Eppendorf Germany 13
Mater Hospital Brisbane Australia 12
Brugmann University Hospital Belgium 8
Birmingham Women's and Children’s NHS Foundation Trust ~ United Kingdom 6
VLI Kula}(ov National Medical ReAsearch Center of RUSSIa 6
Obstetrics, Gynecology and Perinatology Moscow
Yale New Haven Hospital United States of America 6
Karolinska University Hospital Stockholm Sweden 5
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