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Abstract
Introduction: Twin-twin transfusion syndrome (TTTS) is a 
complication in monochorionic twin pregnancies which is 
preferably treated with fetoscopic laser surgery. A few small 
studies suggested a possible association between the Solo-
mon laser technique and placental abruption. Methods: The 
objective of this study is to compare the rate of and to ex-
plore potential risk factors for placental abruption in TTTS 
treated with fetoscopic laser surgery according to the Selec-
tive and Solomon laser technique. We conducted a large ret-
rospective cohort study of consecutive TTTS-cases treated 
with fetoscopic laser surgery in Shanghai, China, and Leiden, 
The Netherlands treated with either the Selective laser tech-
nique (Selective group) or Solomon laser technique (Solo-
mon group). Results: The rate of placental abruption in the 
Selective group versus the Solomon group was 1.7% (5/289) 
and 3.4% (15/441), respectively (p = 0.184). No risk factors for 
placental abruption were identified. Placental abruption 
was associated with lower gestational age at birth (p = 0.003) 

and severe cerebral injury (p = 0.003). Conclusion: The prev-
alence of placental abruption in TTTS after fetoscopic laser 
surgery is low, although it appears higher than in the overall 
population. Placental abruption is associated with a lower 
gestational age at birth, which is associated with severe ce-
rebral injury. The rate of placental abruption was not signifi-
cantly increased with the use of the Solomon technique. 
Continued research of placental abruption in TTTS is neces-
sary to determine why the rate is higher than in the overall 
population. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Twin-twin transfusion syndrome (TTTS) affects ap-
proximately 10% of all monochorionic twin pregnancies 
[1]. The preferred treatment is fetoscopic laser surgery to 
separate the blood circulations of the twins by coagulat-
ing all inter-twin anastomoses on the placenta. Two dif-
ferent techniques are available to separate the fetal circu-
lations: in the Selective technique, all inter-twin anasto-
moses at the placental surface are identified and 
coagulated; whereas in the Solomon technique, after co-

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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agulation of the individual anastomoses, an additional 
line is coagulated on the placental surface, from 1 edge of 
the placenta to the other along the vascular equator, con-
necting all individual laser spots. The Solomon trial 
showed a significant reduction in the prevalence of post-
laser twin anemia polycythemia sequence and recurrent 
TTTS when the Solomon technique was used [2]. Other 
complications including premature rupture of mem-
branes, infection, and iatrogenic monoamnionicity were 
comparable between the techniques [2]. A lesser-known 
complication is placental abruption. Placental abruption 
is the preterm detachment of the placenta from the uter-
ine wall characterized by severe abdominal pain, vaginal 
blood loss, uterine contractions, and fetal distress or, 
even, fetal demise. The prevalence of placental abruption 
ranges from 3.3 to 11.9 per 1,000 pregnancies and 12.4 per 
1,000 twin pregnancies [3, 4]. Various risk factors are re-
ported, including trauma, hypertension, preeclampsia, 
maternal age, parity, drug use, smoking, thrombophilia, 
previous placental abruption, and multiple gestations [5]. 
Literature on placental abruption in TTTS is limited; the 
rate of placental abruption in TTTS treated with laser 
therapy ranges from 1.4 to 5.6% [6–10]. Two small studies 
suggest an increased risk of placental abruption after laser 
therapy with the Solomon technique of 7.9 and 14.0% 
compared to 1.4 and 3.1% [9, 10]. The objective of this 
study is to compare the rate of placental abruption in 
TTTS treated with laser surgery either with the Selective 
or the Solomon laser technique, and to identify potential 
risk factors in a large consecutive cohort treated at 2 Fetal 
Therapy centers in China and The Netherlands.

Methods

We included all consecutive TTTS-cases treated with fetoscop-
ic laser surgery in the Leiden University Medical Center (LUMC), 
The Netherlands and in the Shanghai First Maternity and Infant 
Hospital (SFMIH), China, between January 2002 and January 
2020. The SFMIH started with fetoscopy in 2011, and therefore, all 
cases from this center were treated between January 2011 and Jan-
uary 2020. Cases were excluded when the information on the de-
livery or used laser technique was not available or when laser ther-
apy was not feasible. Due to geographic differences between The 
Netherlands and China, we included in China only pregnancies 
treated and delivered in the SFMIH. In The Netherlands, we in-
cluded all pregnancies treated and delivered in the LUMC or in a 
referring partner center if sufficient details of delivery were avail-
able. The Research Ethics Board of both participating centers ap-
proved the study protocol of this retrospective study.

Fetoscopic laser surgery was performed using a 1.0, 1.3, 2.0, or 
3.3 mm fetoscope (Karl Storz, Tuttlingen, Germany) with a can-
nula of 8 or 10 French and a 400 or 600 μm laser fiber connected 

to a diode or Nd:YAG laser device (Dornier MedTech, Wessling, 
Germany). The laser procedure was followed by draining the ex-
cessive amniotic fluid to the deepest pocket of 6 cm [2]. In the 
LUMC, the Selective technique was performed from 2002 to 2012 
and the Solomon technique from 2007 to 2020. In the overlapping 
period from 2007 to 2012, both techniques were performed as this 
center first conducted a pilot study and then initiated the Solomon 
trial, comparing the 2 laser techniques. In the SFMIH, the Selective 
technique was performed between 2011 and 2015, and the Solo-
mon technique between 2015 and 2019. From ultrasound records 
and discharge letters, we collected the following variables: TTTS 
stage [11], placental location, gestational age at laser (in weeks), 
laser technique, energy use (in Joules), maximum power setting (in 
Watt), duration of the fetoscopy (in minutes), gestational age at 
birth (in weeks), signs of placental abruption, birth weight (in 
grams), fetal demise, neonatal survival (survival beyond 28 days 
after birth), and severe cerebral injury defined as periventricular 
leukomalacia ≥ grade 2, intraventricular hemorrhage ≥ grade 3, 
ventricular dilatation ≥97th percentile, arterial or venous infarc-
tion, porencephalic or parenchymal cysts or other severe cerebral 
lesions [12, 13]. Two researchers assessed all cases to classify pla-
cental abruption. The diagnosis of placental abruption was based 
on the diagnosis of the obstetrician in the medical record. When 
the diagnosis of placental abruption was not registered in the med-
ical record by the obstetrician, placental abruption was defined 
based on 2 clinical observations, an antenatal and a placental/in-
traoperative observation. Antenatal observations included: exces-
sive vaginal bleeding, severe abdominal pain, uterine hypertonic-
ity, fetal distress, maternal clotting disorder based on consumption 
coagulopathy, or signs of maternal shock. Placental or intraopera-
tive observations were defined as one of the following: retroplacen-
tal hemorrhage on ultrasound, indentation of the placental surface 
or an unusual amount of clots at placental examination, bloody 
amniotic fluid, couvelaire uterus or a detached placenta in the set-
ting of caesarean section. Two researchers assessed all cases to clas-
sify if the aforementioned criteria were met (P.J.C.K. and F.S.).

The primary outcome was the rate of placental abruption after 
the Selective laser technique (Selective group) compared to the Sol-
omon technique (Solomon group). Secondary outcomes were the 
perinatal outcomes of placental abruption cases, the influence of 
intraoperative conditions as gestational age, energy used, and 
TTTS stage, on the risk of placental abruption and the rate of pla-
cental abruption over time.

Statistical Analysis
Proportions of laser technique and characteristics were ana-

lyzed using a χ2 test or a Fisher’s exact test. An association between 
laser technique and continuous variables was analyzed with a un-
paired t test or a Mann-Whitney U test, according to the distribu-
tion of data. Potential risk factors for placental abruption were ex-
plored using a univariate logistic regression. The relation between 
placental abruption and neonatal outcome variables was analyzed 
using a generalized estimating equation as we considered data of 
co-twins not independent. The rate of placental abruption over 
time was compared over the years with a Mantel-Haenszel test for 
trend. A p value below 0.05 was interpreted as statistically signifi-
cant. Variables that proved significant in the univariate test were 
analyzed in the multivariate logistic regression or generalized esti-
mating equation. Statistical analysis was performed using SPSS 
version 25.0 (IBM Corp., Armonk, NY, USA).
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Results

Between March 2002 and January 2020, 754 pregnan-
cies treated in The Netherlands were eligible for this study 
(shown in Fig. 1). Perinatal data were missing for 81 preg-
nancies, mostly from early years and when delivery took 
place in referring centers. In total, 673 pregnancies were 
included in this study of which 9 dichorionic triplets and 
4 monochorionic triplets. In Shanghai, 217 pregnancies 
were treated in SFMIH between 2011 and 2019, of which 

57 were monitored and delivered in the hospital after the 
laser surgery and had complete medical records (shown 
in Fig. 1). The overall prevalence of placental abruption 
was 2.7% (20/730). The rate of placental abruption in the 
Selective group was 1.7% (5/289) versus 3.4% (15/441) in 
the Solomon group (odds ratio [OR] 0.50; 95% confi-
dence interval [CI] 0.18–1.39; p = 0.184) (shown in Ta-
ble 1).

Comparing the Selective to the Solomon technique, 
maximum power use appeared significantly higher and 

Table 1. Characteristics of Selective and Solomon technique

Selective technique 
(n = 289)

Solomon technique 
(n = 441)

OR 
(95% CI)

p value

Placental abruption, n (%) 5 (2) 15 (3) 0.50 (0.18–1.39) 0.184
Laser energy, J 4,199 (2,301–7,891)a 4,943 (3,039–7,881)b 0.123
Duration of fetoscopy, min 30 (22–40)c 28 (20–36)d 0.015
Maximum laser power 45 (35–50)e 40 (30–50)f <0.001
PPROM <32 weeks, n (%) 85 (30)g 123 (28) 0.92 (0.67–1.28) 0.675
Perforation of inter-twin membrane, n (%) 57 (20) 67 (15) 0.74 (0.50–1.09) 0.131
Double survival, n (%) 176 (61) 310 (71)h 1.59 (1.16–2.18) 0.004
Post-laser TAPS/Recurrent TTTS, n (%) 37 (21)c 24 (7)i 0.28 (0.16–0.49) <0.001

Data are presented as n (%) or median (interquartile range). OR, odds ratio; CI, confidence interval; PPROM, preterm premature rupture 
of membranes; TAPS, twin anemia polycythemia sequence. a Data missing for 109 cases. b Data missing for 86 cases. c Data missing for 112 
cases. d Data missing for 40 cases. e Data missing for 69 cases. f Data missing for 57 cases. g Data missing for 1 case. h Data missing for 6 cas-
es. i Data are missing for 95 cases.

TTTS pregnancies included in this study (n = 730)
Selective (n = 289)
Solomon (n = 441)

Excluded due to incomplete
data (n = 81)

Laser technique unknown 
(n = 2)

No perinatal data 
(n = 79) 

TTTS pregnancies treated
and delivered in the

Netherlands 2002–2020
(n = 754)   

Excluded due to 
incomplete data 

(n = 33) 

TTTS pregnancies treated
and delivered in Shanghai

2011–2020
(n = 90)    

TTTS pregnancies eligible
for this study (n = 57)

Selective (n = 26)
Solomon (n =31) 

TTTS pregnancies eligible 
for this study (n = 673)

Selective (n = 263)
Solomon (n = 410)

Fig. 1. Flow diagram of the study popula-
tion.
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the duration of fetoscopy significantly longer when the 
Selective technique was used, 45 W (IQR 35–50) com-
pared to 40 W (IQR 30–50) (p < 0.001) and 30 min (IQR 
22–40) and 28 min (IQR 20–36; p = 0.015) respectively. 
However, maximum power use and duration of fetoscopy 
were not associated with placental abruption. The medi-
an maximum used power was 45.0 W (IQR 30.0–50.0) in 
placental abruption cases and 40.0 W (IQR 35.0–50.0) in 
the group with no placental abruption (OR 0.98 95% CI; 
0.94–1.02, p = 0.331) (shown in Table 2). Duration of fe-
toscopy was comparable between the groups with and 
without placental abruption, respectively 30.0 min (IQR 
24.0–36.0) in the group with placental abruption and 30.0 
min (IQR 20.0–39.0) in the group without placental ab-

ruption (OR 1.01 95% CI; 0.98–1.04, p = 0.401). Informa-
tion on used laser energy was available for only 535 cases, 
due to inconsequent reports of energy use in surgery re-
cords (shown in Table  2). The median energy use was 
3,567 J (IQR 1,822–5,809) in abruption cases and 4,781 J 
(IQR 2,780–7,948) in the cases without placental abrup-
tion (p = 0.075). Placental location, gestational age at laser 
and TTTS stage were not different between the cases with 
and without placental abruption. PPROM before 32 
weeks gestation was not associated with placental abrup-
tion and occurred in 25% (5/20) of placental abruption 
cases versus 29% (203/710) overall (p = 0.723).

The Solomon technique was associated with a de-
creased rate of recurrent TTTS or post-laser twin anemia 

Table 2. Characteristics of placental abruption cases

Placental abruption 
(n = 20)

No placental abruption 
(n = 710)

OR 
(95% CI)

p value

GA at laser, weeks 19.0 (16.7–20.6) 20.0 (17.7–22.9) 0.89 (0.77–1.03) 0.124
Placenta located anterior, n (%) 10 (50) 272 (38) 0.62 (0.26–1.51) 0.296
Quintero stage, n (%)

1 2 (10) 93 (13) Reference
2 7 (35) 239 (34) 1.36 (0.28–6.68) 0.703
3 11 (55) 344 (48) 1.49 (0.32–6.83) 0.610
4 0 (0) 34 (5) 0.998

Solomon technique, n (%) 15 (75) 426 (60) 2.00 (0.72–5.56) 0.184
Selective technique, n (%) 5 (25) 284 (40) Reference
Energy use, J 3,567 (1,822–5,809)a 4,781 (2,780–7,948)b 0.85 (0.71–1.02) 0.075
Maximum power use, W 45.0 (30.0–50.0) 40.0 (35.0–50.0) 0.98 (0.94–1.02) 0.331
Scopytime, min 30.0 (24.0–36.0)c 30.0 (20.0–39.0)d 1.01 (0.98–1.04) 0.403
PPROM <32 weeks, n (%) 5 (25) 203 (29)e 0.83 (0.30–2.32) 0.723

Data are presented as n (%) or median (interquartile range). OR, odds ratio; CI, confidence interval; GA, gestational age; PPROM, preterm 
premature rupture of membranes; J, Joules; W, Watt. a Data are missing for 4 cases. b Data are missing for 191 cases. c Data are missing for 
3 cases. d Data are missing for 149 cases. e Data are missing for 1 case.

Table 3. Perinatal outcome in cases with placental abruption

Placental abruption 
(n = 40 infants)

No placental abruption 
(n = 1,424 infants)

OR 
(95% CI)

p value

GA at birth, weeks 28.5 (27.0–31.8) 32.0 (29.0–35.0)a 0.12 (0.03–0.49) 0.003
Fetal demise, n (%) 5 (13) 276 (19) 0.56 (0.19–1.67) 0.297
Neonatal mortality, n (%) 3 (9)b 46 (4)c 2.33 (0.72–7.50) 0.155
Severe cerebral injury, n (%)d 6 (19)e 50 (5)f 4.56 (1.67–12.45) 0.003
Survival beyond 28 days without cerebral injury, n (%) 24 (65)e 985 (73)g 1.49 (0.70–3.21) 0.305

Data are presented as n (%) or median (interquartile range). OR, odds ratio; CI, confidence interval; GA, gestational age. a Data missing 
for 20 cases. b Data missing for 2 cases. c Data missing for 8 cases. d Defined as PVL ≥ grade 2, IVH ≥ grade 3, ventricular dilatation, arterial 
or venous infarction, and other severe cerebral injury. e Data missing for 3 cases. f Data missing for 100 cases. g Data are missing for 81 
cases.
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polycythemia sequence (OR 0.28; 95% CI 0.16–0.49; p < 
0.001) and an higher double survival rate 71% (310/441) 
compared to 61% (176/289) (p = 0.004) (shown in Ta-
ble 1). Pregnancies complicated by placental abruption 
delivered at an earlier gestation, 28.5 (IQR 27.0–31.8) 
weeks compared to 32.0 (IQR 29.0–35.0) weeks (OR 0.12; 
95% CI 0.03–0.49, p = 0.003) (shown in Table 3). Severe 
cerebral injury was detected in 6 of 32 (19%) surviving 
children after placental abruption, compared to 50 of 
1,048 (5%) surviving children in the group without pla-
cental abruption (OR 4.56; 95% CI 1.67–12.45, p = 0.003). 
In multivariate analysis, correcting for gestational age at 
birth, severe cerebral injury was not associated with pla-
cental abruption (p = 0.190).

When the prevalence of placental abruption was com-
pared between time cohorts of 5 years (2002–2006, 2007–
2011, 2012–2016, 2017–2019), an increasing prevalence 
was observed from 1.5 (2/131) to 6.1% (7/114) (p = 0.06). 
Double survival rates increased from 56 to 73% (p = 0.012).

Discussion

We report placental abruption in the largest cohort of 
TTTS pregnancies treated with fetoscopic laser surgery, 
to date. The prevalence of this intrauterine complication 
is 2.7%. We found no significant increased risk of placen-
tal abruption in the Solomon group compared to the Se-
lective group.

A recent small study by Lanna et al. [10] reported pla-
cental abruption in 3.1% (9/287) of pregnancies treated 
with the Selective technique compared to 14.0% (12/86) 
in the Solomon technique (p < 0.001). Concordant with 
these results, Baschat et al. [9] reported placental abrup-
tion in 1.4% (1/71) of TTTS treated with the Selective 
technique, compared to 7.9% (6/76) in pregnancies treat-
ed with the Solomon technique. Both studies have a small 
sample size and Baschat et al. [9] did not specify their cri-
teria for placental abruption. An association between pla-
cental abruption and the Solomon technique was not ob-
served in our study, although placental abruption was 
more frequently diagnosed in recent years, when the Sol-
omon technique was used. In the period where both tech-
niques were used, no difference in placental abruption 
was detected. In the previously mentioned studies, the 2 
laser techniques were performed subsequently; the Solo-
mon technique was used in the more recent years. The 
higher prevalence of placental abruption in the Solomon 
group could therefore merely be an increasing prevalence 
of placental abruption over time. In addition, we found 

an increase in double survivors over the years. As more 
twins are carried for a longer duration of pregnancy, 
more effort is required of the placenta even as the resis-
tance of the decidual layer weakens. Better short-term 
survival rates directly after laser surgery could therefore 
lead to an increased prevalence of later complications. 
Following a similar course as the increasing PPROM rates 
described by the study of Stirnemann et al. [14], other ex-
planations of this increasing prevalence over time could 
be either a relation to an overall increasing prevalence of 
placental abruption in the general population, as de-
scribed by Tikkanen [15] in many countries. Or, the in-
creased prevalence is a result of increased awareness, ad-
vancement of ultrasound and pathology techniques and 
improved electronic patient records. Especially the in-
creasing availability of clinical details in patient records, 
could lead to information bias in retrospective studies.

The prevalence of placental abruption in the overall 
population ranges from 0.33 to 1.2% according to a very 
large study in the United States, Canada, Denmark, Swe-
den, Spain, Norway, and Finland [16].  Smaller studies in 
The Netherlands and China report a rate of placental ab-
ruption of respectively 0.22 and 0.57% [17, 18]. Salihu et 
al. [3] reported an increased risk of placental abruption in 
twin (1.2%) and triplet (1.6%) pregnancies compared to 
singletons (0.6%) in the United States. In 2 previous stud-
ies in TTTS treated with Selective laser surgery, placental 
abruption was reported in 1.7–2.2% [7, 8]. Senat et al. [6] 
reported placental abruption in 1.4% of TTTS pregnan-
cies treated with laser and in 2.9% of TTTS pregnancies 
treated with amnioreduction. The study by Lanna et al. 
[10] reported placental abruption in 5.6% (21/373) of 
TTTS pregnancies treated with laser therapy versus 1.2% 
(3/243) in uncomplicated monochorionic twins, exclud-
ing selective intrauterine growth restriction. The rate of 
placental abruption in this study falls in the range of the 
previously reported rates of 1.4–5.6% in TTTS treated 
with laser surgery. This percentage seems slightly higher 
than the rate in uncomplicated multiple gestations of 1.2–
1.6%. If this higher rate is a direct result of the disease or 
the treatment remains unclear as laser therapy is the pre-
ferred treatment and the study of Senat et al. [6] is the only 
study reporting the rate of placental abruption in TTTS 
treated otherwise.

If a causal relation exists between TTTS or fetoscopic 
laser surgery and placental abruption remains, thus, un-
clear. It is obvious that laser surgery does cause damage 
to the placental surface. Studies of placental histology 
after laser surgery are scarce, leading to little knowledge 
about the tissue damage caused by the laser and the 
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deepness of coagulation in the chorionic layers. Akker-
mans et al. [19] reported an association between the se-
verity of placental damage and PPROM and early deliv-
ery. In this study, severe placental damage was associ-
ated with a higher total amount of energy use and a 
lower power setting. A relation between placental dam-
age and placental abruption was not reported. In our 
study, no association was observed between placental 
abruption and used laser energy or power settings. The 
severity of placental damage was not included in this 
study. Nevertheless, a relation between placental dam-
age and placental abruption possibly exists. To minimal-
ize placental damage, a more superficial coagulation of 
anastomosis could benefit the placental condition. As 
hypothesized by Akkermans et al. [19], high power set-
tings could lead to more effective coagulation and con-
sequently, a lower total energy use. Nevertheless, more 
placenta histology studies are necessary to assess placen-
tal damage after laser surgery in relation to complica-
tions. This knowledge could help to establish strategies 
to avoid such complications.

Another remarkable finding is the increased duration 
of fetoscopy in the Selective technique. This difference 
could possibly be attributed to a learning curve effect as 
described by Peeters et al. [20] Duration of fetoscopy was 
not associated with placental abruption.

In this study, placental abruption was associated with 
preterm birth resulting in an increased risk of severe ce-
rebral injury. No risk factors for placental abruption were 
found. Continued research is necessary to understand 
more about placental abruption in TTTS. Especially, an 
uniform definition of placental abruption, detailed exam-
ination of the placental damage, and standardized pro-
spective recording of data of complications and outcome 
could improve the knowledge of placental abruption in 
TTTS.

Strengths and Limitations
A limitation of this study is the retrospective nature. 

As placental abruption is a clinical diagnosis, it is most 
reliably diagnosed by the obstetrician assisting the deliv-
ery. Possibly, in some cases, placental abruption may 
have been misdiagnosed in this study leading to an un-
der- or overestimation. The design of the study made it 
impossible to completely blind the researchers that col-
lected the data and classified the cases as placental ab-
ruption for the used laser technique. In addition, over 
the years patient records have become more extensive 
due to advancement in electronic patient systems and 
better communication with referring centers. This 

might have led to underdiagnosing in the earlier years 
in the Selective group. Another limitation is the lack of 
internationally agreed criteria to diagnose placental ab-
ruption, which hampers comparison with other studies. 
Our definition rests on the opinion of the treating obste-
tricians as we believe placental abruption is primarily a 
clinical diagnosis. A previous study reported wide dis-
crepancies between pathological diagnosis of placental 
abruption and clinical observations [21]. Another limi-
tation is the lack of data on amnion fluid reduction (du-
ration and amount). During laser surgery amniotic fluid 
of the recipient's, polyhydramniotic sac is routinely 
drained causing a decrease in uterus size. As a conse-
quence the available surface area of decidua underneath 
the placenta shrinks, which can potentially lead to pla-
cental abruption. A small study in polyhydramnios in 
singleton pregnancies reported no difference in placen-
tal abruption between the group treated with amniore-
duction and the untreated group [22]. However, a large 
study in TTTS treated with laser surgery is necessary to 
identify whether a possible association between amnio-
reduction and placental abruption in this group exists. 
Nevertheless, we present the largest cohort study of pla-
cental abruption in TTTS treated with fetoscopic laser 
surgery to date.

Conclusions

The rate of placental abruption in TTTS pregnancies 
treated with fetoscopic laser surgery was 2.7% and was 
not associated with the type of laser technique (Selective 
vs. Solomon technique). We could not identify any risk 
factors for placental abruption. Continued research in 
TTTS is necessary to understand potential complica-
tions. Therefore, we recommend standardized, prospec-
tive recording of complications and outcome after fetos-
copy.
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