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CONTRIBUTION 

What are the novel findings of this work?  

Despite its recognized role in reducing the risk of recurrent TTTS and TAPS, several recent 

reports have highlighted the higher risk of placental damage in pregnancies treated with 

Solomon technique, which can translate into a higher risk of preterm rupture of the membranes 

(PPROM), placental abruption and shorter treatment to delivery interval.  

 

What are the clinical implications of this work?  

Monochorionic twin pregnancies complicated by TTTS undergoing laser treatment using the 

Solomon technique had a higher survival rate and lower rate of recurrent TTTS, but an 

increased risk of placental abruption compared to those treated with selective coagulation of 

placental anastomoses. 
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ABSTRACT 

Objective: To ascertain the maternal and perinatal outcomes of twin pregnancies complicated 

by twin-twin transfusion syndrome (TTTS) undergoing Solomon technique compared to 

selective Laser photocoagulation of the placental anastomoses.  

Methods: Medline, Embase and Cochrane databases were searched. The outcomes 

observed were perinatal loss and survival, preterm pre-labor rupture of the membranes 

(PPROM), preterm birth (PTB), gestational age (GA) at delivery, interval between laser and 

delivery, maternal bleeding, septostomy or chorioamniotic separation, placental abruption, 

twin anemia polycythemia sequence (TAPS), recurrence of TTTS, neonatal morbidity and 

neurological morbidity. Random effect head-to-head meta-analyses were used to analyze the 

data. Pooled odds ratios (OR) and mean difference (MD) and their 95% confidence intervals 

(CI) were calculated.  

Results: Nine studies were included. There was generally no difference in the main maternal 

and pregnancy characteristics between pregnancies treated using the Solomon technique and 

those treated using selective photocoagulation of the placental anastomoses. Twin 

pregnancies treated using the Solomon technique had a significantly lower birthweight 

discordance (pooled MD -2.661, 95% CI -3.978 to -1.344; p=0.001). The risk of fetal loss 

(pooled OR 0.69, 95% CI 0.50-0.95; p=0.023), neonatal (pooled OR 0.35, 95% CI 0.16-0.84; 

p=0.018) and perinatal (pooled OR 0.56, 95% CI 0.38-0.83; p=0.004) were significantly lower 

in pregnancies treated using the Solomon technique compared to selective laser coagulation. 

Likewise, pregnancies treated using the Solomon technique had a significantly higher chance 

of survival of at least one twin (pooled OR 1.90, 95% CI 1.2-2.3; p=0.004) and double survivors 

(pooled OR 1.83, 95% CI 1.2-2.7; p=0.002). 

There was no difference in the risk of PPROM (p=0.735), PPROM within 10 days from the 

laser surgery (P=0.982), PTB (p=0.207), maternal bleeding (p=0.322), septostomy or 

chorioamniotic separation (p=0.670), and chorioamnionitis (p=0.135) between the two groups, 

while the risk of placental abruption was higher in pregnancies treated using the Solomon 

technique (pooled OR 2.93, 95% CI 1.6-5.5; p=0.001). In the Solomon technique group, 
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pregnancies delivered at significantly earlier GA compared to those with selective laser 

(pooled MD -0.625 weeks, 95% CI -0.90 to -0.35, p<0.001), while there was no difference in 

the interval between laser and delivery (p=0.589). Recurrence of TTTS was significantly lower 

in pregnancies undergoing Solomon technique (pooled OR 0.43, 95% CI 0.24-0.91; p<0.001), 

while there was no difference in the risk of TAPS between the two groups (p=0.792). Finally, 

there was no difference in the overall risk of neonatal morbidity (p=0.382) and neurological 

morbidity (p=0.247) between the two groups. 

Conclusion:  Monochorionic twin pregnancies complicated by TTTS undergoing laser 

treatment using the Solomon technique had a significantly higher survival rate and lower 

recurrence rate of TTTS, but an increased risk of placental abruption compared to those 

treated with selective coagulation of placental anastomoses.  
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INTRODUCTION  

Twin to twin transfusion syndrome (TTTS) is the main determinant of perinatal mortality and 

morbidity in monochorionic diamniotic (MCDA) twin gestations, complicating 9-15% of these 

pregnancies1-6. TTTS is a hemodynamic condition characterized by relative hypovolemia in 

the donor and hypervolemia in the recipient secondary to chronic unbalanced flow through the 

arteriovenous anastomoses. Monitoring for TTTS is essential in order to optimize perinatal 

outcome1,2. Laser photocoagulation of placental anastomoses is the gold standard treatment 

for pregnancies complicated by advanced TTTS (Quintero stage 2 or symptomatic stage 1).  

A randomized controlled trial published in 2005 comparing laser vs amnioreduction for the 

treatment of TTTS reported a higher likelihood of the survival of at least one twin to 28 days 

of age and 6 months of age in pregnancies treated with laser7. Furthermore, infants in the 

laser group also had a lower incidence of cystic periventricular leukomalacia and were more 

likely to be free of neurologic complications at six months of age7.  

 

The original laser technique implied photocoagulation of all anastomoses crossing the 

intertwin membrane8. This technique was subsequently refined to selective photocoagulation, 

where only pathological intertwin anastomoses were coagulated9. More recently, a selective 

sequential technique, in which the arteriovenous anastomoses from the donor to the recipient 

are treated first with laser ablation, was introduced10. However, several studies reported that 

after standard fetoscopic laser technique, patent anastomoses were seen in up to one third of 

the placentas11. In order to overcome these potential limitations, several alternatives to 

conventional coagulation of arteriovenous anastomoses have been reported in recent years. 

Among them, the Solomon technique has emerged as one of the most promising alternatives 

to the original laser technique. Solomon technique consists in drawing a thin photocoagulation 

line with the laser from one placental edge to the other connecting the laser dots. The rationale 

of this method is to ablate any residual micro-anastomoses and separates the vascular 

territory of each twin, minimizing the risk of residual anastomoses12.  
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The clinical usefulness of Solomon technique compared to conventional (“selective”) laser 

coagulation of placental anastomoses has been addressed in a multicenter randomized 

controlled trial (RCT). The authors reported that the occurrence of a composite outcome 

including, twin anaemia polycythaemia sequence (TAPS), recurrence of TTTS, perinatal 

mortality, or severe neonatal morbidity were lower in pregnancies treated with Solomon 

technique compared to selective laser coagulation of the placental anastomoses, while there 

was no difference in the incidence of perinatal mortality and severe neonatal morbidity 

between the two groups13. Despite its recognized role in reducing the risk of recurrent TTTS 

and TAPS, several recent reports have highlighted the higher risk of placental damage in 

pregnancies treated with Solomon technique, which can translate into a higher risk of preterm 

rupture of the membranes (PPROM), placental abruption and shorter treatment to delivery 

interval.  

 

The aim of this systematic review and meta-analysis was to ascertain the maternal and 

perinatal outcome of MCDA twin pregnancies complicated by TTTS undergoing Solomon 

technique compared to selective photocoagulation of the placental anastomoses.  
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METHODS  

Protocol, information sources and literature search  

This review was performed according to an a-priori designed protocol and recommended for 

systematic reviews and meta-analysis14,15. Medline, Embase and Cochrane databases were 

searched electronically on 24th March 2022 utilizing combinations of the relevant medical 

subject heading (MeSH) terms, key words, and word variants for “twin twin" or "twin to twin" 

or TTTS or "feto fetal" or "intrauterine cross" or "intra uterine cross" or intertwin or "inter twin" 

(Table S1). The search and selection criteria were restricted to English language. Reference 

lists of relevant articles and reviews were hand searched for additional 

reports. Prisma guidelines were followed16. 

  

Outcomes measures, study selection and data collection  

The outcomes observed were: 

• Fetal loss, including miscarriage and intra-uterine death (IUD) 

• Neonatal death (NND), defined as death up to 28 days of life 

• Perinatal loss, including both fetal loss and neonatal death 

• Survival of at least one twin 

• Both survivors 

• No survivor 

• Donor death 

• Recipient death 

• Preterm pre-labor rupture of the membranes (PPROM) 

• Preterm birth, defined as birth prior to 34 weeks’ gestation 

• GA at birth (in weeks) 

• Interval between laser therapy and delivery 

• Maternal bleeding 

• Septostomy (either spontaneous or iatrogenic) and chorioamniotic separation 
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• Placental abruption 

• TAPS 

• Recurrence of TTTS 

• Neonatal morbidity, including respiratory and infectious morbidity and admission to 

neonatal intensive care unit 

• Neurological morbidity including grade III and IV intra-ventricular hemorrhage and 

grade III and IV periventricular cystic leukomalacia 

We also planned to perform sub-group analyses according to GA at treatment and TTTS 

stage.  

 

Both prospective and retrospective studies reporting data on twin pregnancies complicated by 

TTTS treated with Solomon vs selective laser coagulation of placental anastomoses were 

considered suitable for the inclusion. Only full text articles were considered eligible for the 

inclusion. Case reports, conference abstracts and case series with fewer than five cases were 

excluded to avoid publication bias.  

 

Two authors (FDA, AK) reviewed all abstracts independently. Agreement regarding potential 

relevance was reached by consensus. Full text copies of those papers were obtained, and the 

same two reviewers independently extracted relevant data regarding study characteristics and 

pregnancy outcome. Inconsistencies were discussed by the reviewers and consensus 

reached or by discussion with a third author. If more than one study was published for the 

same cohort with identical endpoints, the report containing the most comprehensive 

information on the population was included to avoid overlapping populations.  

 

Quality assessment, risk of bias and statistical analysis 

Quality assessment of the included studies was performed using the Newcastle-Ottawa Scale 

(NOS) for case-control studies. According to NOS, each study is judged on three broad 
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perspectives: the selection of the study groups; the comparability of the groups; and the 

ascertainment of the outcome of interest.16 Assessment of the selection of a study includes 

the evaluation of the representativeness of the exposed cohort, selection of the non-exposed 

cohort, ascertainment of exposure and the demonstration that the outcome of interest was not 

present at start of study. Assessment of the comparability of the study includes the evaluation 

of the comparability of cohorts on the basis of the design or analysis. Finally, the ascertainment 

of the outcome of interest includes the evaluation of the type of the assessment of the outcome 

of interest, length and adequacy of follow-up. According to NOS a study can be awarded a 

maximum of one star for each numbered item within the Selection and Outcome categories. 

A maximum of two stars can be given for Comparability.16   

 

We set head-to-head meta-analyses to directly compare, the risk of each of the explored 

outcomes in pregnancies complicated by TTTS treated compared to those not treated with 

Solomon technique. In these meta-analyses, we included some cohort studies in which 

exposed and unexposed group sizes were severely unbalanced, and some studies that 

reported zero events in one or both of the compared groups. When the events are rare, many 

of the most commonly used meta-analytical methods can produce biased estimates. When 

the studies are also substantially imbalanced, the best performing methods are the Mantel-

Haenszel odds ratio without zero-cell continuity corrections, logistic regression and an exact 

method17-19. Mantel-Haenszel odds ratios cannot be computed in studies reporting zero events 

in both groups, the exclusion of which may however cause a relevant loss of information and 

the potential inflation of the magnitude of the pooled exposure effect.18 Therefore, to keep all 

studies into the analyses, the six head-to-head meta-analyses were carried out using 

individual data random-effect logistic regression, with single study as the cluster unit, and the 

pooled datasets with individual data were reconstructed using 2X2 tables. Finally, continuous 

variables were assessed reporting results as pooled mean differences. 
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Between-study heterogeneity was explored using the I2 statistic, which represents the 

percentage of between-study variation that is due to heterogeneity rather than chance. A value 

of 0% indicates no observed heterogeneity, whereas I2 values of ≥ 50% indicate a substantial 

level of heterogeneity. effect model was used when I2 vales were <50%; conversely a random 

effect model was used when I2 values were ≥ 50%. 

 

For each outcome, the total number of publications included in the meta-analyses was <10. 

We were thus unable to assess publication bias, either graphically, through funnel plots, or 

formally, through Egger's regression asymmetry test (in such cases, the power is too low to 

distinguish chance from real asymmetry).17-19 All analyses were carried out using Stata, 

version 13.1 (Stata Corp., College Station, TX, 2013). 
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RESULTS   

Study selection and characteristics  

Seventy-five articles were identified, 19 were assessed with respect to their eligibility for 

inclusion and 9 studies were included in the systematic review (Table 1, Figure 1, Table 

S2)12,13,20-26. These 9 studies included (after removing the studies including overlapped cases) 

1374 twin pregnancies complicated by TTTS (711 treated with Solomon and 663 with selective 

laser coagulation of placental anastomoses). Of these studies, one was a RCT, while the 

remaining studies were observational retrospective series. The results of the quality 

assessment of the included studies using the NOS scale are presented in Table 2. Most of the 

included studies showed an overall good score regarding the selection and comparability of 

study groups, and for ascertainment of the outcome of interest. The main weaknesses of these 

studies were their retrospective design, small sample size, heterogeneity of the outcomes 

observed and lack of stratification of the analyses according to the TTTS stage and GA at 

intervention. 

 

Pregnancy characteristics of twin pregnancies included in the systematic review are reported 

in Table 3. There was generally no difference in the main maternal and pregnancy 

characteristics between the twin pregnancies treated using the Solomon technique and those 

using the selective technique, including maternal mean body mass index (p=0.668), GA at 

intervention (p= 0.233), number of anastomoses coagulated during the laser surgery 

(p=0.539), TTTS stage and placental location (p=0.684). Twin pregnancies treated with the 

Solomon technique had a significantly lower birthweight discordance (pooled MD -2.661, 95% 

CI -3.978 to -1.344; p=0.001), a higher amount of laser energy used during surgery (pooled 

Joule MD 2.409, 95% CI 2.0448 to 2.7774, p=0.001) and a lower operation time (MD -2.937, 

95% CI -4.569 to -0.225; p=0.031). 
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Synthesis of the results 

Five studies (1072 twin pregnancies) reported the risk of fetal loss in twin pregnancies 

complicated by TTTS treated using the Solomon technique compared to selective coagulation 

of placental anastomoses. The risk of fetal loss (pooled OR 0.69, 95% CI 0.50-0.95; p=0.023), 

neonatal (pooled OR 0.37, 95% CI 0.16-0.84; p=0.018) and perinatal (pooled OR 0.56, 95% 

CI 0.38-0.83; p=0.004) were significantly lower in pregnancies treated with Solomon technique 

compared to selective laser coagulation (Table 4). Likewise, pregnancies treated with 

Solomon technique had a significantly higher chance of survival of at least one twin (pooled 

OR 1.90, 95% CI 1.1-3.3; p=0.004) and double survivors (pooled OR 1.83, 95% CI 1.2-2.7; 

p=0.002) and a lower risk of no survivors (pooled OR 0.55, 95% CI 0.31-0.95; p=0.004) 

compared to those treated with selective photocoagulation (Figure 2). The risk of recipient 

death was also significantly lower in twin pregnancies complicated by TTTS which were 

treated using the Solomon technique (pooled OR 0.42, 95% CI 0.22-0.80; p=0.009), while 

there was no significant difference in the risk of donor death between the two groups 

(p=0.187). 

 

When exploring maternal outcomes, there was no significant difference in the risk of PPROM 

(p=0.735), PPROM within 10 days from laser (P=0.982), PTB (p=0.207), maternal bleeding 

(p=0.322), septostomy or chorioamniotic separation (p=0.670), and chorioamnionitis 

(p=0.135) between the two groups, while the risk of placental abruption was significantly 

higher in the twin pregnancies treated with Solomon technique (pooled OR 2.93, 95% CI 1.6-

5.5; p=0.001). Pregnancies undergoing Solomon technique delivered at significantly earlier 

GA compared to those with selective laser (pooled MD -0.625 weeks, 95% CI -0.90 to -0.35, 

p<0.001), while there was no significant difference in the interval between laser surgery and 

delivery (pooled MD -0.04, 95% CI -0.191 to 0.109, p=0.589). 
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Recurrence of TTTS was significantly lower in the pregnancies undergoing Solomon 

technique (pooled OR 0.43, 95% CI 0.24-0.91; p<0.001), while there was no significant 

difference in the risk of TAPS between the two groups (p=0.792).  

Assessment of perinatal morbidity was affected by the very small number of cases included 

and even smaller number of events which precluded a comprehensive pooled analysis. 

Overall, there was no significant difference in the overall risk of neonatal morbidity (p=0.382) 

and neurological morbidity (p=0.247) between the two groups. 

 

A comprehensive sub-group analysis according to TTTS stage and GA at intervention could 

not be performed because none of the included study reported this information. 
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DISCUSSION  

Main findings  

The findings from this systematic view showed that twin pregnancies complicated by TTTS 

and treated with Solomon technique have a significantly higher survival rate compared to 

those treated with selective laser coagulation of placental anastomoses. The risk of placental 

abruption was significantly higher in the pregnancies treated with the Solomon technique while 

there was no significant difference in the incidence of PTB, PPROM or chorioamnionitis 

between the two groups. Finally, there was no significant difference in the risk of overall 

morbidity and neurological morbidity between the two groups. 

 

Strengths and limitations 

Thorough literature search, multitude of outcomes explored and assessment of potential 

confounders in affecting maternal and perinatal outcomes are the main strengths of the 

present review. The small number of cases in some of the included studies, their retrospective 

non-randomized design, lack of standardized criteria for the surveillance after the procedure 

and lack of stratification according to GA at intervention and TTTS staging represent the main 

weakness of this systematic review.  

 

Comparison with other published evidence  

A previous systematic review comparing the outcome of twin pregnancies complicated by 

TTTS treated with the Solomon technique compared to selective coagulation included three 

studies and reported a statistically significant reduction in risk of recurrent TTTS, but not TAPS 

or perinatal survival between the two techniques27. In the present systematic review, we added 

a larger number of studies as well as observed outcomes.  

 

Clinical and research implications  

The mainstay of the laser treatment for TTTS is the complete photocoagulation of all placental 

anastomoses. TTTS is a hemodynamic condition characterized by unbalanced blood flow 
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through placental anastomoses and the presence of residual placental anastomoses may be 

associated with persistence of TTTS, post-Laser TAPS, need for re-intervention, postnatal 

hemoglobin difference but not mortality28. The Solomon technique was developed to reduce 

the risk of leaving residual anastomoses after laser surgery. A secondary analysis of the 

Solomon trial exploring the risk of persistent residual anastomoses in pregnancies treated with 

Solomon technique compared to selective ablation of placental anastomoses has reported 

that the proportion of placentas with residual anastomoses in the Solomon group and 

Standard group was 19% and 34%, respectively. Therefore, confirming the beneficial effect of 

Solomon technique in reducing the rate of residual anastomoses29.  

 

Residual anastomoses might be responsible of recurrent TTTS and TAPS. Furthermore, 

placental anastomoses can affect the outcome of MC twins complicated by selective fetal 

growth restriction30-38. In the present systematic review, the risk of recurrent TTTS, but not that 

of TAPS, was significantly lower in the pregnancies undergoing Solomon technique compared 

to selective ablation of placental anastomoses. The apparently lack of significant association 

between Solomon technique and lower risk of TAPS is surprising and could be explained by 

a number of theories. Firstly, although the Solomon Trial has reported a lower risk of a 

composite outcome including TAPS, recurrence of TTTS, perinatal mortality, or severe 

neonatal morbidity but was not powered to detect differences in the individual components of 

the primary outcome, although the authors reported a significant reduction of TAPS in 

pregnancies treated with Solomon technique. Secondly, the lack of association between the 

Solomon technique and TAPS might be the result of different monitoring protocols undertaken 

after laser therapy. More importantly, the definition of TAPS has been recently revised and 

this might have contributed to the different rates of post-laser TAPS reported in the different 

series. Thirdly, neither the Solomon trial nor the observational studies included in our 

systematic review considered the factors potentially affecting the rate of residual anastomoses 

such as their diameter, location (central vs peripheral) or placental position (anterior vs 

posterior). Lastly, TAPS is a relatively rare condition and the small number of cases included 
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in the present systematic review are likely to make this review underpowered for this outcome. 

In the present systematic review, the cumulative incidence of TAPS after laser surgery was 

about 4.4% compared to 9% observed in the RCT by Slaghekke et al. and this may further 

explain the lack of association between Solomon technique and reduced risk of post-laser 

TAPS. 

 

Since the initial reports, concerns have been raised on the possible association between 

Solomon technique and increased risk of placental abruption, preterm birth and PPROM. 

Solomon technique is associated with greater amount of laser energy used during surgery 

which may lead to tissue damage, which may explain the higher risk of placental abruption 

observed in the present review. However, establishing an association between laser technique 

and placental abruption is not straightforward as other factors may potentially explain the 

higher incidence of abruption in these women. In the present systematic review, the total 

amount of laser energy was higher in pregnancies treated using the Solomon technique 

compared to selective coagulation. Likewise, we reported a significantly higher risk of 

placental abruption and lower GA at delivery in pregnancies undergoing the Solomon 

technique. Early gestational age at PPROM, polyhydramnios and fetal growth restriction are 

commonly found in association with TTTS and may also account for a higher risk of placental 

abruption observed in women undergoing laser therapy using the Solomon technique, which 

may occur even months after laser therapy. Akkerrman et al. reported that higher gestational 

age at intervention, increased amount of laser energy and visual tissue damage were 

associated with a higher risk of PPROM before 32 weeks of gestation and early gestational 

age at birth39. 

 

This risk should be communicated to the parents during pre-surgical counselling, although it 

should be stressed that such technical approach is associated with improved survival, which 

is the main purpose of the treatment. Further modifications of the original Solomon technique 
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should be aimed at avoiding unnecessary damage of placental tissue, thus reducing the risk 

of placental related complications. 

 

Conclusions 

Monochorionic twin pregnancies complicated by TTTS undergoing laser treatment using the 

Solomon technique had a higher survival rate and lower rate of recurrent TTTS, but an 

increased risk of placental abruption compared to those treated with selective coagulation of 

placental anastomoses. Future studies are needed to elucidate whether modifications to the 

original Solomon technique could reduce the risk of placental abruption. 
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D'Antonio Francesco (Orcid ID: 0000-0002-7546-8025) 
Khalil Asma (Orcid ID: 0000-0003-2802-7670) 
 
 
FIGURE LEGENDS 

Figure 1. Systematic review flowchart. 

Figure 2. Pooled odds ratios of perinatal loss (2a) and survival of at least one twin (2b), 

placental abruption (2c) and TTTS recurrence (2d) in monochorionic twin pregnancies 

complicated by TTTS undergoing placental dichorionization (Solomon technique) compared 

to selective Laser coagulation of placental anastomoses. 
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Table 1. General characteristics of the studies included in the systematic review. 

GA: gestational age 

First author Year Country Study design Study 
period  

Primary outcome Stratification 
according to TTTS 

Stage or GA at laser 

Pregnancies 
(n) 

Fichera20 2022 Italy Retrospective (single 
centre) 

2008-2018 Perinatal outcomes No 133 

Kanazawa21 2021 Japan Retrospective (single 
centre) 

2010-2017 Pregnancy and perinatal outcomes No 395 

Knijnenburg22 2021 The 
Netherlands-

China 

Retrospective 
(multicentre) 

2002-2022 Placental abruption No 730 

Kim23 2021 Korea Retrospective (single 
centre) 

2011-2018 Perinatal outcomes No 173 

Lanna24 2017 Italy Retrospective (single 
centre) 

2004-2015 Placental abruption No 373 

Van Klink25 2016 The 
Netherlands-

Italy 

Prospective 2008-2012 Survival without long-term 
neurodevelopmental impairment at age 

2 years 

No 216 

Slaghekke13 2014 The 
Netherlands-
Italy-France-

United 
Kingdom 

Multicentre RCT 2008-2012 Composite of incidence of twin anaemia 
polycythaemia sequence, recurrence of 

twin-to-twin transfusion syndrome, 
perinatal mortality, or severe neonatal 

morbidity 

No 272 

Ruano12 2013 United 
States-Brazil-

Spain 

Retrospective 
(multicentre) 

2010-2012 Pregnancy and perinatal outcomes No 102 

Baschat26 2013 United 
States-Brazil-

Spain 

Retrospective (single 
centre) 

2005-2011 Preoperative, procedural and birth 
outcomes 

No 147 

 14690705, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26095 by ${individualU

ser.givenN
am

es} ${individualU
ser.surnam

e} - <
Shibboleth>

-m
em

ber@
sgul.ac.uk , W

iley O
nline L

ibrary on [20/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

Table 2. Quality assessment of the included studies according to Newcastle-Ottawa 

Scale (NOS); a study can be awarded a maximum of one star for each numbered 

item within the Selection and Outcome categories. A maximum of two stars can be 

given for Comparability. 

 

Author Year Selection Comparability Outcome 

Fichera20 2022 ★★★ ★ ★★ 

Kanazawa21 2021 ★★★ ★ ★★ 

Knijnenburg22 2021 ★★ ★★ ★★ 

Kim23 2021 ★★★ ★ ★★ 

Lanna24 2017 ★★★ ★ ★★ 

Van Klink25 2016 ★★ ★ ★★ 

Slaghekke13 2014 ★★ ★★ ★★ 

Ruano12 2013 ★★ ★ ★★ 

Baschat26 2013 ★★ ★ ★★ 
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Table 3. General characteristics of the study population. 

 

Characteristics Studies References Cases (n/N vs n/N) I2 (%) Pooled OR (95% CI) P-values 

Anterior placenta 6 12,13,20,21,23,26 247/567 vs 292/600 0 0.97 (0.77-1.2) 0.864 

TTTS stage I 6 12,13, 20,21,23,26 97/567 vs 92/660 0 1.21 (0.88-1.7) 0.280 

TTTS stage II 6 12,13, 20,21,23,26 159/567 vs 183/660 71.2 1.11 (0.67-1.8) 0.682 

TTTS stage III 6 12,13, 20,21,23,26 274/567 vs 340/660 77.9 0.85 (0.50-1.4) 0.558 

TTTS stage IV 6 12,13, 20,21,23,26 37/567 vs 40/660 48.7 0.87 (0.41-1.9) 0.725 

 

Characteristics Studies References Mean and SD (cases) Pooled MD (95% CI) SE P-
values 

Maternal body mass index 
(kg/m2) 

3 20,21,26 (283) 25.9±4.7 vs 23.8± 4.9 (392) -0.091 (-0.505 to 0.324) 0.211 0.668 

Gestational age at 
intervention (weeks) 

7 12,13 
20,21,23,24,25,26 

(562) 20.5±2.5 vs 20.5± 2.5 (660) -0.070 (-0.186 to 0.045) 0.059 0.233 

Birthweight discordance (%) 3 12,21,26 (236) 21.0 ±5.9 vs 21.5± 11.6 
(307) 

-2.661 (-3.978 to -1.344) 0.672 0.001 

Operation time (min) 6 13,20,21,22,23,26 (586) 41.1± 16.6 vs 42.7± 18.9 
(584) 

-2.937 (-4.569 to -0.225) 1.108 0.031 

Number of anastomoses 3 13,23,26 (192) 14.05±8.7 vs 12.81± 6.1 
(128) 

0.497 (-1.090 to 2.083) 0.809 0.539 

Laser Energy (J) 4 21,22,13,26 (381) 8622.3±4449.4 vs 
6761.3±3799.3 (433) 

2.409 (2.0448 to 2.7774) 185.9 0.001 
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Table 4. Pooled or (95% CI) for the different outcomes explored in the present systematic review in twin pregnancies complicated 

by TTTS undergoing placental dichorionization (Solomon technique) compared to selective coagulation of placental anastomoses. 

Study outcomes Studies References Cases (n/N vs n/N) I2 (%) Pooled OR (95% 
CI) 

P-values 

Mortality 
Fetal loss 5 13,20,21,23,26 160/1072 vs 223/1168 42.8 0.69 (0.50-0.95) 0.023 
Neonatal death 5 13,20,21,23,26 21/1072 vs 52/1168 44.6 0.37 (0.16-0.84) 0.018 
Perinatal loss 5 13,20,21,23,26 181/1072 vs 275/1168 65.8 0.56 (0.38-0.83) 0.004 
Survival of at least one 
twin 

6 12,13,20,21,23,26 511/562 vs 556/660 36.3 1.90 (1.10-3.29) 0.004 

Survival of both twins 6 12,13,20,21,23,26 404/562 vs 404/660 50.2 1.83 (1.2-2.7) 0.002 
No survivors 6 12,13,20,21,23,26 91/562 vs 121/660 37.6 0.55 (0.31-0.95) 0.004 
Donor death 2 20,21 35/207 vs 84/321 71.3 0.49 (0.17-1.4) 0.187 
Recipient death 2 20,21 13/207 vs 49/321 0 0.42 (0.22-0.80) 0.009 

 Pregnancy complications 
  

Preterm pre-labor rupture 
of the membranes 
(PPROM) 

4 20,21,22,26 175/724 vs 128/685 86.9 1.20 (0.4-3.4) 0.735 

PPROM within 10 days 
form laser 

2 20,23 8/155 vs 8/151 19.4 0.98 (0.22-4.2) 0.982 

Preterm birth 2 21,26 84/244 vs 128/303 0 0.77 (0.53-1.1) 0.207 
Maternal bleeding 4 13,20,23,26 24/368 vs 34/362 74.8 0.50 (0.13-1.9) 0.322 
Septostomy or 
chorioamniotic separation 

5 12,20,22,23,26, 91/698 vs 84/592 27.1 0.81 (0.61-1.1) 0.670 

Chorioamnionitis 3 13,23,26 4/329 vs 7/268 4.9 0.36 (0.10-1.3) 0.135 
Placental abruption 3 21,22,26 39/685 vs 14/592 0 2.93 (1.6-5.5) 0.001 
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Twin anemia polycythemia 
sequence (TAPS) 

6 12,13,20,21,23,26 20/562 vs 34/660 63.9 0.84 (0.23-3.1) 0.792 

Recurrence of TTTS 6 12,13,20,21,23,26 14/562 vs 38/660 0 0.43 (0.24-0.91) <0.001 
 Postnatal outcome 

   

Neonatal morbidity 2 13,20 30/282 vs 49/339 27.4 0.77 (0.43-1.39) 0.382 
Neurological morbidity 3 13,20,23 19/357 vs 44/369 91.9 0.17 (0.13-3.3) 0.2466 
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