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Abstract
Introduction: We aimed to investigate the incidence, prenatal factors and outcomes 
of twin-to-twin transfusion (TTTS) with right ventricular outflow tract obstruction 
(RVOTO).
Material and methods: A systematic search was conducted to identify relevant 
studies published until February 2023 in English using the databases PubMed, Scopus 
and Web of Science. Studies reporting on pregnancies with TTTS and RVOTO were 
included. The random-effect model pooled the mean differences or odds ratios (OR) 
and the corresponding 95% confidence intervals. Heterogeneity was assessed using 
the I2 value.
Results: A total of 17 studies encompassing 4332 TTTS pregnancies, of which 225 
cases had RVOTO, were included. Incidence of RVOTO at time of TTTS diagnosis 
was 6%. In all, 134/197 (68%) had functional pulmonary stenosis and 62/197 (32%) 
had functional pulmonary atresia. Of these, 27% resolved following laser and 55% 
persisted after birth. Of those persisting, 27% required cardiac valve procedures. 
Prenatal associations were TTTS stage III (53% vs 39% in no-RVOTO), stage IV TTTS 
(28% in RVOTO vs 12% in no-RVOTO) and ductus venosus reversed a-wave (60% in 
RVOTO vs 19% in no-RVOTO). Gestational age at laser and gestational age at delivery 
were comparable between groups. Survival outcomes were also comparable between 
groups, including fetal demise of 26%, neonatal death of 12% and 6-month survival 
of 82% in RVOTO group. Findings were similar when subgroup analysis was done for 
studies including head-to-head analysis.
Conclusions: RVOT occurs in about 6% of the recipient twins with TTTS, especially 
in stages III and IV and those with reversed ductus venosus a-wave. The findings 
from this systematic review support the need for a thorough cardiac assessment of 
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1  |  INTRODUC TION

Right ventricular outflow tract obstruction (RVOTO) such as pulmo-
nary stenosis (PS) and pulmonary atresia (PA) can develop in mono-
chorionic recipient twins with twin-to-twin transfusion syndrome 
(TTTS), with a reported incidence of 6.7%–12.9%.1,2

The exact pathophysiology of RVOTO is still not fully under-
stood. The unbalanced share in the placental vascular anastomoses 
resulting in TTTS cause compensatory mechanisms against hypo-
volemia that increase the secretion of vasoactive mediators in the 
donor, which are also transferred to the recipient,3 leading to the 
recipient twin developing polyuric polyhydramnios, hypertension 
and cardiac dysfunction and the donor twin developing oliguric oli-
gohydramnios.4 Therefore, TTTS has important direct effects on the 
cardiovascular system of the recipient twin affecting preload, car-
diac function and afterload.3

Management options of TTTS include fetoscopic laser photo-
coagulation (FLP), amnioreduction, septostomy, selective reduction 
and expectant management,5 with FLP being the standard care of 
management leading to increase in survival.6 FLP disrupts the ad-
verse feto-fetal hemodynamic communications,7 thereby blocking 
the flow of vasoactive mediators from the donor to the recipient 
twin. Even though RVOTO regression has been achieved following 
FLP in many cases in recipient twins, persistence can still be seen, 
requiring postnatal cardiac intervention procedures.1

Our review aimed to investigate the incidence of RVOTO at 
TTTS diagnosis, following FLP and postnatally. We also aimed to in-
vestigate prenatal associations and outcomes of TTTS pregnancies 
with RVOTO.

2  |  MATERIAL AND METHODS

The present study was conducted based on the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) guide-
line 2020.8 The study protocol was registered with PROSPERO 
(Registration code: CRD42023411483).

2.1  |  Search strategy

A systematic search was performed in three electronic databases 
including PubMed, Scopus and Web of Science by two authors 
(MJ and AI), independently, from inception until February 2023. 

The  search strategy included a combination of relevant medical 
subject heading (MeSH) terms and relevant keywords for (“fetofe-
tal transfusion”) AND (“outcome” OR “sequelae” OR “morbidity”). 
Further details, regarding the systematic search of literature are 
available in Table S1.

2.2  |  Eligibility criteria

We defined our eligibility criteria based on the PICO framework: (P) 
Population: pregnancies complicated by TTTS; (I) Intervention: FLP; 
(C) Comparison: RVOTO vs no-RVOTO; (O) Outcome: survival. The 
exclusion criteria were absence of TTTS, narrative review articles, 
systematic reviews and conference abstracts and series with <3 
cases.

2.3  |  Data extraction and outcome measures

Two authors (MJ and AI) performed the data extraction using a 
standardized sheet. Any disagreement regarding the inclusion, ex-
clusion or data extraction was resolved through a discussion with 
a third party (HJM). The standardized sheet included the following 
columns: name of the first author, publication year, period of the 
study, country, institute, design of the study, study inclusion and 
exclusion, number of cases, gestational age (GA) at diagnosis, TTTS 
stage, Doppler studies including umbilical artery and ductus veno-
sus (DV), ECHO findings including tricuspid regurgitation (TR), GA 
at delivery, and survival including fetal demise, neonatal death and 
6-month survival. In the case of overlap or duplications in patients 
between studies, the study with the larger sample size was included 
for review. Overlap of the study populations was assessed by au-
thors and institution where the study was performed and the year 

pregnancies complicated by TTTS, both before and after laser, to maximize perinatal 
outcome, and the importance of early diagnosis of TTTS and timely management.

K E Y W O R D S
fetoscopy, laser, meta-analysis, pulmonary atresia, pulmonary stenosis, recipient, right 
ventricular outflow tract, systematic review, twin-to-twin transfusion

Key message

Incidence of right ventricular outflow tract obstruction 
among TTTS pregnancies is 6% (68% had functional pulmo-
nary stenosis and 32% had pulmonary atresia). Significant 
prenatal associations were TTTS stage III–IV and ductus 
venosus a-wave reversal. Survival was comparable to 
those without outflow obstruction.
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of publication. The overlapped studies were not excluded if they re-
ported on different variables.

The diagnosis of PS was based on high peak systolic velocity 
(>100 cm/s) and turbulent flow across the pulmonary valve, with or 
without thickened and domed pulmonary valve cusps, and with or 
without the presence of tricuspid regurgitation. PA was diagnosed 
in the absence of forward flow across the pulmonary valve during 
systolic and reverse flow in the ductus arteriosus.9

2.4  |  Quality assessment

The Newcastle–Ottawa Scale (NOS) for cohort studies was used to 
evaluate the quality of included cohort or case–control studies and 
the risk of bias. 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. A score 
above seven is considered to be high quality.10

2.5  |  Statistical analysis and data synthesis

We calculated the pooled proportions and their 95% confidence in-
tervals. Heterogeneity of the included studies was assessed graphi-
cally and statistically by Higgins I2 test. The weight given to each 
study was decided according to the inverse variance method in order 

to minimize the imprecision of the pooled effect estimate. Aa sub-
group analysis was then done to include studies reporting head-to-
head comparison of RVOTO vs no-RVOTO and the Pooled effect 
sizes were presented using mean difference (MD) or odds ratio (OR), 
using the Mantel–Haenszel test, with 95% confidence interval (CI) 
for continuous and categorical variables, respectively. The random 
effect model was used. Variables that were reported in at least 
two studies were included in the analysis. To test the overall sig-
nificance of the random model, the z-test was performed. Potential 
publication bias was graphically assessed by creating funnel plots 
for each of the groups with an exploratory aim. Tests for funnel plot 
asymmetry were not used when the total number of publications 
included for each outcome was less than 10. In this case, the power 
of the tests was too low to distinguish chance from real asymmetry. 
RSTUDIO11 (RStudio, Inc.) was used for the statistical analysis and 
creating forest and funnel plots.

3  |  RESULTS

3.1  |  Search strategy and study characteristics

A total of 1361 articles were retrieved from three databases. Of 
those articles, 654 were excluded for duplication. The remaining 
707 studies were screened for eligibility (Figure 1). Title and abstract 
screening resulted in 61 potentially eligible studies. After a full-text 

F I G U R E  1  PRISMA flow chart of 
search and selection process.
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assessment was performed, 17 studies encompassing 4332 TTTS 
pregnancies were included. Study characteristics are presented in 
Table 1. Included studies were published between 2005 and 2022. 
Twelve studies were retrospective and 5 were prospective cohorts. 
Most studies investigated the acquired RVOTO in recipient twins 
(n = 224 recipient twins with RVOTO). One study investigated RVOTO 
in both recipient and donor twins, of which there were 13 recipients 
and one donor with RVOTO out of 385 TTTS pregnancies.14

3.2  |  Incidence of RVOTO

The incidence of RVOTO in TTTS was 6% (95% Cl 4–10). Type of 
RVOTO was reported for 197 recipient twins, of which 134 (68%) 
had PS and 62 (32%) PA. Of these, 27% (95% CI 15–43) resolved fol-
lowing FLP for TTTS. A total of 55% (95% Cl 36–73) of RVOTO cases 
persisted after birth. Among the cases of RVOTO that persisted, 
27% (95% Cl 16–42) required cardiac valve procedures (Figure S1).

3.3  |  Prenatal associations and outcomes in TTTS 
pregnancies with RVOTO undergoing FLP

Stage III TTTS presented more frequently in RVOTO (53%, 95% Cl 
40–66) vs no-RVOTO (39%, 95% Cl 36–43) than in those with stage 
IV TTTS (28%, 95% CI 16–44) in RVOTO vs no-RVOTO (12%, 95% CI 
2–55). Few studies presented TTTS stage as combined III and IV and 
was noted to be more frequent in RVOTO (77%, 95% CI 42–48) vs 
no-ROVOT (45%, 95% CI 42–48) (Table 2, Figures S5–S9).

A DV reversed a-wave appeared more often in the RVOTO group 
(60%, 95% Cl 51–69) than in the no-RVOTO Group (19%, 95% Cl 
16–22). Tricuspid regurgitation was also observed more frequently 
in RVOTO (66%, 95% Cl 45–82) than in the no-RVOTO group (38%, 
95% Cl 9–79). GA at laser and GA at delivery were comparable be-
tween groups (Table 2, Figures S10–S13).

Survival outcomes were either comparable or not higher than 
the no-RVOTO group which included IUFD (26%, 95% Cl 19–34) 
in RVOTO than in no-RVOTO (31%, 95% Cl 10–64). The recipient 
demise was 25% (95% Cl 18–33) in RVOTO vs 20% (95% Cl 12–32) 
in no-RVOTO. Donor demise was 14% (95% Cl 6–30) in RVOTO vs 
26% (95% Cl 14–43) in no-RVOTO. Neonatal death was 12% (95% Cl 
6–24) in RVOTO vs 11.6% (95% CI 7–15) in no-RVOTO. The 6-month 
survival was 82% (9% Cl 51–95) in RVOTO vs 80.6% (95% CI 60–93) 
in no-RVOTO (Table 2, Figures S14–S18).

3.4  |  Subgroup analysis for studies reporting 
head-to-head analysis

We performed subgroup analysis for the studies that reported head-
to-head comparison for prenatal associations and outcomes be-
tween RVOTO and no-RVOTO pregnancies. Five studies reported 
such comparisons.13,14,21,22 TTTS stage IV, a combination of stage III Fi
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and IV, and reversed DV a-wave were significantly more common in 
the RVOTO group (OR 3.1, 95% CI 1.5–6.2; OR 1.66, 95% CI 1.1–2.3; 
OR 2.85, 95% CI 1.6–4.8, respectively). There were no differences in 
TTTS stage I, II, GA at diagnosis, GA at delivery, single fetal demise 
or recipient demise between groups (Figures S19–S29).

3.5  |  Risk of bias assessment

Small study effect was not evident for any outcome. Risk of bias as-
sessed using NOS for cohort showed a minimum score of seven in 
the included studies (Table 3).

4  |  DISCUSSION

Our meta-analysis demonstrates that the incidence of RVOTO in 
pregnancies complicated by TTTS undergoing FLP is 6%, of which 
68% had functional PS and 32% had functional PA. Of these, 27% 
resolved after laser therapy and 55% persisted to birth. Of those 
that persisted following birth, 27% required cardiac valve proce-
dures. Potential prenatal associations were TTTS stage III–IV and 
DV reversed a-wave. TTTS pregnancies with RVOTO did not have 
higher fetal demise for recipient or donor, neonatal death or a lower 
6-month survival.

RVOTO affects almost exclusively the recipient twin as a conse-
quence of hypertensive cardiomyopathy in TTTS, for a reason not 
yet fully understood.14 Monochorionic twins complicated by TTTS 

experience a similar phenomenon, where the hypoperfusion of the 
donor twin leads to upregulation of renin secretion and activation 
of the renin–angiotensin–aldosterone system.25 Renin mRNA is in-
creased in donor kidneys and downregulated in recipient kidneys: 
however, equally elevated cord blood renin levels have been ob-
served in both twins by the transfer through placental anastomoses 
of renin–angiotensin–aldosterone system. It has yet to be explained 
why RVOTO occurs almost exclusively in the recipient twin and not 
in the donor twin,3 although one study reported one donor twin af-
fected with RVOTO.13

FLP has become the predominant therapy for TTTS that has 
been shown to improve perinatal survival and neurologic outcomes. 
In spite of the success of laser surgery as a curative treatment for 
TTTS and the massive cardiovascular improvements seen in affected 
twins, the phenomenon of persistence or development of CHD re-
mains unresolved.26 RVOTO in TTTS is considered an acquired 
(functional) finding.

In our study, the incidence of RVOTO in recipient twins in 
pregnancies complicated by severe TTTS cases was 6% at time of 
TTTS diagnosis, a much higher incidence than prenatal congenital 
heart disease, which indicates that fetal echocardiography needs 
to be performed in pregnancies with TTTS to identify any cardiac 
anomalies and for those fetuses to undergo the proper follow-up 
as needed following laser and following birth. RVOTO mainly com-
prises PA and PS; in our review, the incidence of PS in recipient 
twins with RVOTO was 68% and the incidence of PA was 32%. 
Other studies have reported the risk of PA to be 45%,20 19.2%26 
and 42.8%, respectively.22 PA has a poorer prognosis than PS,27 

TA B L E  2  Pooled proportions of factors and outcomes in monochorionic twin pregnancies with twin-to-twin transfusion syndrome with 
or without right ventricular outflow tract obstruction.

Variable

RVOTO No-RVOTO

Studies (n) N
Pooled proportion 
% (95% CI) Studies (n) N

Pooled proportion 
% (95% CI)

GA at laser therapy 
(weeks)

13 224 19.9 (19–20) 7 1321 19.7 (18–21)

TTT stage I 4 50 17 (9–31) 3 365 18 (14–22)

TTT stage II 6 114 15 (5–37) 3 365 35 (30–40)

TTT stage III 4 722 53 (40–66) 6 117 39 (36–43)

TTT stage IV 7 120 28 (16–44) 5 735 12 (2–55)

TTT stage III–IV 7 145 77 (63–87) 5 954 45 (42–48)

DV reversed a-wave 7 124 60 (51–69) 4 720 19 (16–22)

TR 9 152 66 (45–82) 4 649 38 (9–79)

IUFD 9 153 26 (19–34) 4 403 31 (10–64)

Recipient fetal demise 6 130 25 (18–33) 2 281 20 (12–32)

Donor fetal demise 3 35 14 (6–30) 2 257 26 (14–43)

GA at delivery, weeks 11 224 33.1 (32–33) 11 1575 33.1 (32–33)

Neonatal death 4 61 12 (6–24) 4 203 11.6 (7–15)

6-month survival 4 51 82 (51–95) 4 201 80.6 (60–93)

Abbreviations: DV, ductus venosus; GA, gestational age; IUFD, intrauterine fetal demise; RVOTO, right ventricular outflow tract obstruction; TR, 
tricuspid regurgitation; TTTS, twin-to-twin transfusion syndrome.
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which might explain the comparable survival outcomes between 
groups in our systematic review.

The onset of TTTS early in gestation was reported as a prenatal as-
sociation for RVOTO in TTTS recipient twins with a mean of 17.3 weeks 
in RVOTO compared with a mean of 20.3 weeks in no-RVOTO;14 how-
ever, in our systematic review, GA at time of diagnosis was not dif-
ferent between TTTS pregnancies with or without RVOT with mean 
of 19 weeks. Although one study showed that occurrence of RVOTO 
in TTTS does not differ among different TTTS stages,13 other reports 
and our systematic review showed a higher prevalence of RVOTO in 
stages III–IV. Recipient twins in cases of stage IV TTTS are more likely 
to develop cardiomyopathy and cardiac hypertrophy. Tricuspid regur-
gitation and aortic flow reversal through the ductus arteriosus in TTTS 
can cause the pulmonary valve flow to decrease, which can lead to 
narrowing and stenosis of the fetal pulmonary valve in the recipient 
twin. This may explain why stage IV TTTS is a risk factor for RVOTO. 
However, because cardiomyopathy occurs less often in TTTS donor 
twins, RVOTO has been reported less often in donor twins.1

The strengths of this review are the thorough search and assess-
ment of three large databases resulting in a large sample size of TTTS 
recipient fetuses with RVOTO.

The small number of cases in some of the included studies, their 
retrospective non-randomized design, heterogeneity in prenatal 
management, and different follow-up periods represent the major 
limitations. Some of the variables that we intended to collect and 
stratify were only reported by small number of studies, limiting our 
ability to include them in the analysis. The findings are also subject 
to potential publication bias because of the nature of some out-
comes. In addition, the small number of studies limits the reliability 
of formal tests.

5  |  CONCLUSION

Our meta-analysis provides vital information when counseling TTTS 
pregnancies regarding the incidence, potential prenatal associations 
and outcomes of RVOTO. Fetal echocardiography should be per-
formed upon TTTS diagnosis and following laser therapy and birth 
as needed. PS was more common that PA and cases most commonly 
involved recipient fetuses. The presence of RVOTO at advanced 
TTTS stages and those with DV flow abnormalities emphasizes on 
the importance of early detection and timely management of TTTS. 
Survival outcomes including fetal demise, neonatal death and sur-
vival up to 6 months of life were comparable in pregnancies with and 
without RVOTO.
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