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PART 6
antenatal therapy
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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; IQR: 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, IQR: 
0.0-0.5), p < 0.001. Treatment for TAPS varied greatly within and between the 
17 fetal therapy centers.
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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.

5
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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.1 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.2, 3

TAPS is a relatively new disease, with its first description originating from 
2006.4 Since then, knowledge of TAPS has greatly increased and insights into 
pathophysiology, diagnosis and outcome have gradually been established.5 
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.6-8 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 

LisanneTollenaar_BNW_Versie Marilou.indd   116 16-7-2020   17:25:31



117

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.9 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.10, 11

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.12 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 

5
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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.13,14 
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 2,15 
retinopathy of prematurity ≥ stage 3,16 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 3,17 ventricular dilatation (including post-
hemorrhagic ventricular dilatation),18 cystic periventricular leukomalacia ≥ 
grade 2,19 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 

5
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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 1 in 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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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, 

5
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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%; 36/51), 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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Figure 1. Antenatal management for TAPS in 17 fetal therapy centers

5
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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,20-22 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.10, 11 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.20 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.

5
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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.23 
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.3 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 value3. Nevertheless, the rate of residual anastomoses in 
TAPS was comparable to the rate of residual anastomoses in TTTS (both 19%),3 
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.6, 7, 10, 

11 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.10, 11

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.10, 11 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.6, 7 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.24

5

LisanneTollenaar_BNW_Versie Marilou.indd   131 16-7-2020   17:25:32



132

CHAPTER 5

References
1. Lopriore E, Middeldorp JM, Oepkes D, Kanhai HH, Walther FJ, Vandenbussche FP. Twin anemia-

polycythemia sequence in two monochorionic twin pairs without oligo-polyhydramnios 
sequence. Placenta 2007; 28: 47-51.

2. Lewi L, Jani J, Blickstein I, Huber A, Gucciardo L, Van Mieghem T, Done E, Boes AS, Hecher K, 
Gratacos E, Lewi P, Deprest J. The outcome of monochorionic diamniotic twin gestations in 
the era of invasive fetal therapy: a prospective cohort study. Am J Obstet Gynecol 2008; 199: 
514 e511-518.

3. Slaghekke F, Lopriore E, Lewi L, Middeldorp JM, van Zwet EW, Weingertner AS, Klumper FJ, 
DeKoninck P, Devlieger R, Kilby MD, Rustico MA, Deprest J, Favre R, Oepkes D. Fetoscopic laser 
coagulation of the vascular equator versus selective coagulation for twin-to-twin transfusion 
syndrome: an open-label randomised controlled trial. Lancet 2014; 383: 2144-2151.

4. Robyr R, Lewi L, Salomon LJ, Yamamoto M, Bernard JP, Deprest J, Ville Y. Prevalence and 
management of late fetal complications following successful selective laser coagulation of 
chorionic plate anastomoses in twin-to-twin transfusion syndrome. Am J Obstet Gynecol 
2006; 194: 796-803.

5. Tollenaar LS, Slaghekke F, Middeldorp JM, Klumper FJ, Haak MC, Oepkes D, Lopriore E. Twin 
Anemia Polycythemia Sequence: Current Views on Pathogenesis, Diagnostic Criteria, Perinatal 
Management, and Outcome. Twin Res Hum Genet 2016; 19: 222-233.

6. Tollenaar LSA, Lopriore E, Slaghekke F, Oepkes D, Middeldorp JM, Haak MC, Klumper F, Tan R, 
Rijken M, Van Klink JMM. High risk of long-term impairment in donor twins with spontaneous 
twin anemia polycythemia sequence. Ultrasound Obstet Gynecol 2019. DOI: 10.1002/uog.20846.

7. Slaghekke F, van Klink JM, Koopman HM, Middeldorp JM, Oepkes D, Lopriore E. 
Neurodevelopmental outcome in twin anemia-polycythemia sequence after laser surgery 
for twin-twin transfusion syndrome. Ultrasound Obstet Gynecol 2014; 44: 316-321.

8. Lopriore E, Slaghekke F, Kersbergen KJ, de Vries LS, Drogtrop AP, Middeldorp JM, Oepkes D, 
Benders MJ. Severe cerebral injury in a recipient with twin anemia-polycythemia sequence. 
Ultrasound Obstet Gynecol 2013; 41: 702-706.

9. Slaghekke F, Pasman S, Veujoz M, Middeldorp JM, Lewi L, Devlieger R, Favre R, Lopriore E, 
Oepkes D. Middle cerebral artery peak systolic velocity to predict fetal hemoglobin levels in 
twin anemia-polycythemia sequence. Ultrasound Obstet Gynecol 2015; 46: 432-436.

10. Tollenaar LSA, Slaghekke F, Lewi L, Colmant C, Lanna MM, Weingertner AS, Ryan G, Arévalo S, 
Klaritsch P, Tavares De Sousa M, Khalil A, Papanna R, Gardener GJ, Bevilacqua E, Kostyukov KV, 
Bahtiyar MO, Kilby M, Tiblad E, Oepkes D, Lopriore E. Spontaneous Twin Anemia Polycythemia 
Sequence: Diagnosis, Management, and Outcome in a Large International Cohort of 249 Cases. 
Accepted at Am J Obstet Gynecol 

LisanneTollenaar_BNW_Versie Marilou.indd   132 16-7-2020   17:25:32



133

TREATMENT AND OUTCOME IN 370 TAPS CASES MANAGED IN 17 CENTERS 

11. Tollenaar LSA, Lopriore E, Faiola S, Lanna M, Stirnemann J, Ville Y, Lewi L, Devlieger R, 
Weingertner AS, Favre R, Hobson SR, Ryan G, Rodo C, Arevalo S, Klaritsch P, Greimel P, Hecher K, 
de Sousa MT, Khalil A, Thilaganathan B, Bergh EP, Papanna R, Gardener GJ, Carlin A, Bevilacqua 
E, Sakalo VA, Kostyukov KV, Bahtiyar MO, Wilpers A, Kilby MD, Tiblad E, Oepkes D, Middeldorp 
JM, Haak MC, Klumper F, Akkermans J, Slaghekke F. Post-Laser Twin Anemia Polycythemia 
Sequence: Diagnosis, Management, and Outcome in an International Cohort of 164 Cases. J 
Clin Med 2020; 9.

12. Slaghekke F, Kist WJ, Oepkes D, Pasman SA, Middeldorp JM, Klumper FJ, Walther FJ, 
Vandenbussche FP, Lopriore E. Twin anemia-polycythemia sequence: diagnostic criteria, 
classification, perinatal management and outcome. Fetal Diagn Ther 2010; 27: 181-190.

13. Lopriore E, Slaghekke F, Oepkes D, Middeldorp JM, Vandenbussche FP, Walther FJ. Hematological 
characteristics in neonates with twin anemia-polycythemia sequence (TAPS). Prenat Diagn 
2010; 30: 251-255.

14. Lopriore E, Slaghekke F, Middeldorp JM, Klumper FJ, Van Lith JM, Walther FJ, Oepkes D. Accurate 
and simple evaluation of vascular anastomoses in monochorionic placentas using colored 
dye. Journal of Visualized Experiments 2011; 55: e3208.

15. Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L, Brotherton T. Neonatal 
necrotizing enterocolitis. Therapeutic decisions based upon clinical staging. Ann Surg 1978; 
187: 1-7.

16. An international classification of retinopathy of prematurity. The Committee for the 
Classification of Retinopathy of Prematurity. Arch Ophthalmol 1984; 102: 1130-1134.

17. Volpe JJ. Intraventricular hemorrhage and brain injury in the premature infant. Diagnosis, 
prognosis, and prevention. Clin Perinatol 1989; 16: 387-411.

18. Levene MI. Measurement of the growth of the lateral ventricles in preterm infants with real-
time ultrasound. Arch Dis Child 1981; 56: 900-904.

19. de Vries LS, Eken P, Dubowitz LM. The spectrum of leukomalacia using cranial ultrasound. 
Behav Brain Res 1992; 49: 1-6.

20. Slaghekke F, Favre R, Peeters SH, Middeldorp JM, Weingertner AS, van Zwet EW, Klumper FJ, 
Oepkes D, Lopriore E. Laser surgery as a management option for twin anemia-polycythemia 
sequence. Ultrasound Obstet Gynecol 2014; 44: 304-310.

21. Hill KM, Masoudian P, Fung-Kee-Fung K, El Demellawy D. Intrauterine Interventions for the 
Treatment of Twin Anemia-Polycythemia Sequence: A Systematic Review. J Obstet Gynaecol 
Can 2019; 41: 981-991.

22. Sananes N, Veujoz M, Severac F, Barthoulot M, Meyer N, Weingertner AS, Kohler M, Guerra F, 
Gaudineau A, Nisand I, Favre R. Evaluation of the Utility of in utero Treatment of Twin Anemia-
Polycythemia Sequence. Fetal Diagn Ther 2015; 38: 170-178.

5

LisanneTollenaar_BNW_Versie Marilou.indd   133 16-7-2020   17:25:32



134

CHAPTER 5

23. Senat MV, Deprest J, Boulvain M, Paupe A, Winer N, Ville Y. Endoscopic laser surgery versus 
serial amnioreduction for severe twin-to-twin transfusion syndrome. N Engl J Med 2004; 351: 
136-144.

24. The TAPS Trial: Fetoscopic Laser Surgery for Twin Anemia Polycythemia Sequence -  
a multicenter open-label randomized controlled trial. [Accessed Sept 15 2019].

LisanneTollenaar_BNW_Versie Marilou.indd   134 16-7-2020   17:25:33



135

TREATMENT AND OUTCOME IN 370 TAPS CASES MANAGED IN 17 CENTERS 

Appendix 1. Participating centers and the number of TAPS cases they 
contributed to this study

Center Country
Number 
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

V.I. Kulakov National Medical Research Center of 
Obstetrics, Gynecology and Perinatology Moscow Russia 6

Yale New Haven Hospital United States of America 6

Karolinska University Hospital Stockholm Sweden 5

5

LisanneTollenaar_BNW_Versie Marilou.indd   135 16-7-2020   17:25:33




