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ABSTRACT

Introduction: Twin-to-twin transfusion syndrome (TTTS) is a critical prenatal complication in
monochorionic diamniotic twins with a high risk of mortality and neurological sequelae if left un-
treated. Of the various therapeutic approaches, fetoscopic laser surgery (FLS) has emerged as the
predominant treatment modality worldwide. This study evaluates the outcomes and preoperative
risks of TTTS treatment via FLS. Methods: In this prospective cohort study, we analyzed 115 con-
secutive TTTS cases with gestational ages of 16 to 26 weeks, treated with FLS at Shariati Hospital,
Tehran, Iran, from 2018 to 2022. The mean gestational ages at the time of laser surgery and delivery
were 20.70 + 2.21 and 32.18 &+ 4.68 weeks, respectively. Postoperative survival was assessed with
Doppler measurements post-laser treatment in all but one case, where amniotic sac rupture led to
fetal loss. Results: Postoperative survival rates at 30 days were 32.2% for both twins, 53% for either
twin, and 85.2% for at least one twin. A notable correlation was observed between donor twin
survival and a fetal weight discrepancy exceeding 25%. Additionally, a higher incidence of absent
or reversed end-diastolic velocity in the donor umbilical artery was identified among survivors (p
< 0.05), indicating a significant survival benefit with FLS. Conclusions: FLS proved to be an effec-
tive intervention for TTTS prior to the 26th week of gestation, with outcomes in this Iranian cohort
aligning with those reported in developed countries. This underscores FLS's viability as a primary
treatment strategy for TTTS, highlighting the importance of early diagnosis and intervention.
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INTRODUCTION

Monochorionic twin pregnancies fall into the cate-
gory of high-risk pregnancies. These pregnancies are
susceptible to developing twin-to-twin transfusion
syndrome (TTTS) due to an imbalance in the blood
flow between the twins through the vascular connec-
tions in the placenta®. TTTS impacts 8-10% of preg-
nancies involving monochorionic diamniotic twins?2.
If untreated, both fetuses are at risk of cardiovascu-
lar problems and death, with a fetal mortality rate of
90-100% !. While uneven sharing of the placenta can
result in one twin experiencing selective intrauterine
growth restriction, imbalanced blood flow through
the placental anastomosis can lead to discrepancies in
amniotic fluid or severe TTTS during the middle of
the pregnancy term3. Perinatal death rates might ap-
proach 90% without intervention®. Over the past 10
years, fetoscopic laser coagulation (FLC) of placental
anastomoses has become the preferred treatment for

severe TTTS. This method has significantly increased
survival rates and reduced the likelihood of neurolog-
ical issues in survivors .

The Quintero staging system is utilized to assess the
severity of TTTS, as follows:

Stage I: There is a mismatch in amniotic fluid volume,
with the presence of polyhydramnios (the largest ver-
tical sac exceeding 8 cm by 20 weeks of gestation and
being over 10 cm post 20 weeks of gestation);

Stage II: The criteria of Stage I are met, but no urine
is visible in the bladder;

Stage III: The criteria of Stage II are met, along with
abnormal findings in the umbilical artery (UA) or
umbilical vein during Doppler evaluation;

Stage IV: Ascites or hydrops is clearly present in the
recipient fetus;

Stage V: Either of the fetuses has died 8.

Quintero ignores the echocardiographic results that

have been reported in numerous investigations *1°.
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The recipient fetus commonly exhibits cardiac func-
tional abnormalities such as biventricular hypertro-
phy, systolic and diastolic dysfunction, regurgitation
of the tricuspid and mitral valves, atresia or stenosis
of the pulmonary valve, and progressive severe biven-
tricular dysfunction and failure. These are presum-
ably reactions to volume overload!!. In TTTS, car-
diovascular problems have a significant role in total
morbidity and death. Changes in the donor include
mild right ventricular diastolic dysfunction caused by
increased placental resistance and inadequate renal
perfusion !!. Fetal echocardiography can assist in cat-
egorizing risk and tracking disease progression. Con-
sequently, numerous studies have concentrated on the
role of the heart and its prognostic value, finding that
echocardiography can identify the escalating severity
of cardiomyopathy related to the syndrome in the re-
cipient twin 12714,

The objective of the present study was to assess
the preliminary outcomes of fetoscopic laser surgery
(FLS) for TTTS. It aimed to ascertain the predictive
potential of Doppler and cardiac information gath-
ered pre- and post-laser treatment for TTTS in fore-
casting the outcomes for the twins. To our knowledge,
this is the first study conducted in Iran to evaluate the
effects of FLC in TTTS.

MATERIALS AND METHODS

In this prospective cohort study, all successive mono-
chorionic diamniotic twin pregnancies that were re-
ferred to Shariati Hospital in Tehran, Iran, from July
2018 to April 2022 underwent FLS as the primary
treatment for TTTS. Patients who met the following
requirements were eligible for intervention:

(1) monochorionic twin gestation;

(2) TTTS (Stages 11, I1I, and IV) diagnosed before 26
weeks of gestation (16-26 weeks);

(3) polyhydramnios, or excess amniotic fluid, present
in the amniotic sac of the recipient twin, characterized
by a maximum vertical pocket exceeding 8 cm before
20 weeks of pregnancy and more than 10 cm between
21 and 25 weeks of pregnancy; and

(4) oligohydramnios in the amniotic sac of the donor
twin less than 2 cm (stuck). Cases with a history of
amniocentesis, early rupture of membrane, uterine
contraction, fetal anomaly, and Stages I and V were
all excluded.

A special questionnaire was prepared for each patient,
and the demographic characteristics of the mother
(age and body mass index), gestational age at laser
treatment, sonographic findings including the stage of
TTTS, maximal vertical pocket (MVP) per fetus, the
weight of the fetus, the weight discordance between

twins, hydrops, placental position (anterior or other),
and cervical length were recorded.

Fetal echocardiography was performed to evaluate
cardiac abnormalities and changes in cardiac function
parameters following TTTS. All Doppler studies were
recorded for both fetuses with three measurements,
and their average was calculated. The Doppler pa-
rameters evaluated included the pulsatility index (PI)
of the UA, the end diastolic flow (EDF), the PI of the
middle cerebral artery (MCA-PI), MCA-PSV, and the
umbilical vein and ductus venosus (DV).
Measurements were made at the site of separation of
the umbilical cord from the fetal abdominal wall to
assess UA Doppler, and cases where the fetus was im-
mobile and the mother was not breathing were de-
fined as normal or abnormal (since EDF was absent or
reversed). MCA Doppler was measured at one-third
of the artery near the site of separation from the Willis
ring, and MCV-PSV was examined as multiple me-
dia. To measure DV Doppler, the transverse or sagit-
tal section of the fetal abdomen was evaluated and
classified as normal or abnormal (absent or reverse).
UA Doppler was also performed in the abdomen of
the fetus and was classified as normal (without pulse)
and abnormal (venous pulsations).

In every instance, a comprehensive ultrasound exam-
ination (using Phillips, affinity 70%) was conducted
within a 48-hour period prior to the laser treatment.
On the day of the laser operation, all patients were
given prophylactic antibiotics. After FLS, amino re-
duction was performed within 10 to 15 minutes by
reaching the normal volume of the amniotic fluid,
and the volume of reduced fluid was recorded in the
operating room after the end of the laser treatment.
Doppler characteristics measured 24-48 hours after
surgery and serially until the end (in terms of weeks)
and their causes (onset of labor pains, premature rup-
ture of the membrane), delivery time and gestational
age, the interval between laser treatment and deliv-
ery (in weeks), the number of live twins during child-
birth, the survival of twins (or recipient and donor),
and neonatal survival after 30 days were also followed.

Statistical analysis

The study parameters were compared using the Chi-
square test or Fisher’s exact test for categorical vari-
ables and the Mann-Whitney U test for continuous
variables. Tests were deemed significant if the proba-
bility value was less than 0.05 using two-tailed tests.
Logistic regression analysis was employed to iden-
tify variables that significantly contributed to predict-
ing postnatal twin survival. A univariate analysis was
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conducted to scrutinize the individual variables con-
tributing to survival, assessing their odds ratios and
95% confidence intervals. Following this, a multivari-
ate logistic regression analysis with backward stepwise
elimination was performed to ascertain variables that
made a significant independent contribution to the
logistic model. The data analysis was performed us-
ing the IBM SPSS statistical software package, version
19.0 (IBM Corporation, Armonk, NY).

RESULTS

During the study period, our center performed FLC
on 115 cases of TTTS (mean maternal age: 29.57 £
5.36 years). Table 1 presents the primary obstetric
and fetal traits of the study group. The mean ges-
tational age at the time of laser treatment and the
gestational age at delivery were 20.70 £ 2.21 weeks
and 32.18 & 4.68 weeks, respectively. Nineteen in-
fants died after birth before 30 days. According to the
Quintero classification, 43 patients had TTTS stage II
(37.4%), 64 had TTTS stage III (55.7%), and eight had
TTTS stage IV (6.9%).

Doppler measurement was performed for all patients
before and after the laser treatment except one due to
rupture of the amniotic sac and abortion of the fetus
after surgery. One case of twin anemia polycythemia
sequence and one case of reverse TTTS were observed
following FLS. Details of the pregnancy outcomes and
neonatal survival demonstrated that the overall sur-
vival rate after 30 days with one, two, and at least one
live birth was 32.2%, 53%, and 85.2%, respectively.
Table 1 indicates that 59 patients, accounting for
51.3% of the cohort, exhibited preoperative absent or
reversed end-diastolic velocity (EDV) of the donor
twin, as determined by Doppler evaluation of the UA.
Table 2 presents a comparison of preoperative ob-
stetric findings in survivors versus instances of fetal
or neonatal death. A significant relationship was ob-
served between estimated fetal weight discordance >
25% and survival of the donors (p < 0.001). Among
the donor fetuses that did not survive, there was a no-
tably higher occurrence of estimated fetal weight dis-
crepancy of more than 25% with the co-twin. In ad-
dition, in non-surviving donor and recipient fetuses,
the donor UA’s absent or reversed EDV was signifi-
cantly higher (p < 0.05). Logistic regression analysis
revealed a significant relationship between estimated
fetal weight discordance with the co-twin > 25% (p <
0.05); see Table 3. In addition, no special neurolog-
ical complications were observed after the 6-month
follow-up of the patients.

Discussion

TTTS remains a major predictor of perinatal out-
comes in monochorionic and diamniotic pregnancies.
The best way to handle these pregnancies is yet to
be determined !°. Information on expectant manage-
ment is derived from older literature sources with lim-
ited cases included; thus, the evidence’s quality is not
high. In some countries, laser treatment is typically
used for pregnancies from 16 to 26 weeks of gesta-
tion 16,

In this study, we describe the preliminary outcomes of
FLC of vascular anastomoses for severe TTTS. Perina-
tal survival rates in untreated severe TTTS have been
found to vary between 20% and 37% 17-20. After laser
treatment, an overall survival rate of 50-70% can be
predicted, with the chance of aberrant neurodevelop-
mental results ranging between 4% and 18%2!. In this
research, the overall survival rate after 30 days with
one, two, and at least one live birth was 32.2%, 53%,
and 85.2%, respectively. These findings are consis-
tent with those of other published studies. In a ret-
rospective analysis of 340 cases with TTTS, Peeters et
al. reported a survival rate of 86% and 59% for at least
one twin and both twins, respectively?2. Addition-
ally, Anh et al. reported a total survival percentage
of at least one infant of 84.85%23. In another study
involving 181 women suffering from TTTS who were
treated in Japanese clinics, the survival rates were re-
ported to be 84% for at least one twin and 68% for
both twins24. Delabaere et al.! also reported that the
overall Day 30 survival rate was 64.9%, with values of
51.9% with two infants, 26.0% with one infant, and
77.9% with at least one infant. The 30-day survival
rate was 65.4% for donors and 64.4% for recipients,
which aligns with the findings of the present study.
Several studies have evaluated the efficacy of FLP with
various TTTS therapies. The Eurofetus trial showed
that compared to serial amnioreduction, FLP treat-
ment of Stage II or III TTTS-complicated pregnan-
cies increased the odds that at least one twin would
survive to 28 days and 6 months of age®. In a sim-
ilar vein, a comprehensive review of 10 studies re-
vealed that fetuses diagnosed with Stage II-III TTTS
and treated with laser ablation had double the survival
rate and an 80% decrease in neurological complica-
tions compared to those treated with serial amniore-
duction. It is worth noting that TTTS was categorized
using Quintero staging in eight of these studies.
TTTS is most common in the second trimester of
pregnancy 26 The mean gestational age at surgery was
20.70 weeks, with a standard deviation (SD) of 2.21
weeks. A comprehensive evaluation of 3868 preg-
nant women from 1995 to 2014 found that the mean
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Table 1: Preoperative traits of the obstetric and fetal study group (n=115)

Characteristics All pregnancies
Number of pregnancies 115
Maternal age (years & SD) 29.57+5.36
GA at laser (weeks == SD) 20.70+2.21
Cervical length(mm) 33.36 4+ 5.91
EFWD > 25% 67 (58.3)
Donor absent or reversed EDV 59(51.3)
Donor DV absent or reversed a-wave 5 (4.3)
Placenta location (n (%)) Anterior 53(46.1%)
Other 62 (53.9%)
Quintero stage (n(%)) I 43(37.4%)
11T 64 (55.7%)
v 8 (6.9%)
GA at delivery (weeks + SD) 32.18+4.68

GA at delivery among live births (weeks £SD) 32.73£3.91

Live birth None (n (%)) 7(6.1%)
One (n (%)) 38 (33.0%)
Two (n (%)) 70 (60.9%)
Donor (n (%)) 89 (77.4%)
Recipient (n (%)) 88 (76.5%)
At least one (n (%)) 108 (93.9%)
D30 survival Number of twin pairs
None (n (%)) 16(14 . 8%)
One (n (%)) 37 (32.2%)
Two (n (%)) 61 (53%)
Donor (n (%)) 79 (68.7%)
Recipient (n (%)) 80 (69.6%)
At least one (n (%)) 98 (85.2%)
Recipient twin maximum vertical pocket cm (mean) 14.58+3.0 5
Minimum 8
Maximum 19.5
SIUGR at diagnosis (n(%)) 65 (56.5%)
SIUGR classification Type I (n(%)) 43 (66.2%)
Type IT (n(%)) 14 (21.5%)
Type I1I (n(%)) 8 (12.3%)

Abbreviations: GA: Gestational age, STUGR: Selective Intrauterine Growth Restriction, EFWD: Estimated Fetal Weight Discordance, EDV:
End-diastolicvelocity, SD: Standard deviation
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Table 2: Comparison of preoperative obstetric factors in survived and non-survived donor and recipient fetuses

at birth

Variable Donor fetus

Survived
(n=89)

Obstetric factors

Gestational age at laser 20.8 (18.6-
therapy, weeks (range) 26)

Cervical length, mm 332 (17.4-
(range) 40)
Anterior placenta, n (%) 41 (40.6)

Fetal factors, n (%)

Estimated fetal weight dis- 45 (50.56)
cordance >25%

Donor umbilical artery 36 (40.44)
absent or reversed end-
diastolic velocity

Donor ductus venous ab- 4 (4.49%)
sent or reversed a-wave

Recipient umbilical artery 5 (5.61%)
absent or reversed end-

diastolic velocity,

Recipient ductus venous 3 (3.37)

absent or reversed a-wave

Non-
survived
(n=26)

203 (17.3-
25)

339 (31-
45)

12 (46.15)

22 (84.61)

23(86.46)

1(3.84)

1(3.84)

1(3.84)

p-value

0.2

0.7

0.3

0.001

<0.001

0.6

0.5

0.6

Recipient fetus

Survived
(n= 88)

207  (18.3-
26)
33 (17.4- 46)

39 (44.31)

54 (61.4)

38(43.18)

2(2.27)

5 (5.68)

4 (4.54)

Non-
survived
(n=27)

20.6 (18.3-
23.7)

347 (20-
48)

14 (51.85)

13 (48.1)

16(59.25)

3 (11.11)

1 (3.70)

0(0)

p- value

0.9

0.1

0.03

0.8

0.3

Table 3: Logistic regression analysis to predict the survival of the donor after laser treatment, based on
preoperative observation (standardized odds ratio)

Variable

Gestational age at laser therapy, weeks
(range)

Cervical length, mm (range)

Anterior placenta, n (%)

Estimated fetal weight discordance >25%,
Donor umbilical artery absent or reversed

end-diastolic velocity

Donor ductus venous absent or reversed

awave

Odds ratio

1.3

1.2

1.1

1.15

1.23

Univariate Analysis

95% Confidence

Interval

0.675- 1.1

0.96- 1.12

0.33-2.29

0.74- 0.98

0.4- 2.68

0.9-8.8

P-value

0.23

0.29

0.78

0.02

0.96

0.89
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gestational age at surgery was 20.9 weeks (SD: 1.9
weeks), consistent with our research and similar to
earlier data. TTTS commonly emerges in the second
trimester of pregnancy?®. Anh et al. demonstrated
that the mean gestational age at birth was 33.76 weeks,
with an SD of 4.52 weeks23.

Neurological complications are another significant
outcome of laser photocoagulation for TTTS that re-
searchers report. Although treating TTTS with FPS
enhances the survival rates of newborns, research in-
dicates that neonatal outcomes may still be linked
to neurological anomalies, including significant brain
damage and neurodevelopmental disorders!®. Dur-
ing neonatal follow-up observations up to 6 months
postpartum, we found no neurological complications,
which was consistent with the findings from a study
conducted by Anh and colleagues?3.

In cases of TTTS, the likelihood of preterm birth is
invariably elevated due to factors such as multiple
pregnancies, laparoscopic amniocentesis, and polyhy-
dramnios, which increase the risk of premature deliv-
ery post-surgery. The average gestational age at birth
in the present study was 32.18 weeks, with an SD of
4.68 weeks. This aligns with the gestational age of 32.4
weeks (£ 1.3 weeks) reported in a study by Akker-
mans?6. This holds significance as studies have in-
dicated that the gestational age at the time of delivery
can also forecast the risk of neonatal mortality 24-26:27,
However, the premature delivery rate for twins under
32 weeks is around 30% higher than for other uncom-
plicated twins. In the current study, 19 infant deaths
occurred within 30 days of delivery; this high rate may
be an indication of prematurity.

Doppler studies of fetal circulation can be used to
measure cardiac function, and extremely abnormal
venous flow velocity waveforms indicate congestive
heart failure. We found a significant relationship be-
tween estimated fetal weight discordance > 25% of
the donors and survival (p < 0.001). In the case of
donor fetuses that did not survive, there was a notably
increased incidence of estimated fetal weight discrep-
ancy of more than 25% with the co-twin, as well as
abnormal umbilical Doppler readings. Weight discor-
dance is a phenomenon that can be observed in all
twin pregnancies and could be a natural occurrence
or an adaptive response to the intrauterine environ-
ment. On the other hand, it could also be the result of
pathological abnormalities in the fetus or the placenta.
Twins experiencing severe growth discordance are at
a heightened risk of perinatal mortality and morbid-
ityzs.

Furthermore, in the current study, a significantly
higher donor UA absent or reversed EDV in non-
surviving donor and recipient fetuses was noted.

Some studies found that the presence or absence
of EDV in the UA of the donor and reverse flow
in the DV of the recipient was strongly related to
donor survival?$2%-32, Earlier studies have indicated
that certain echocardiographic observations, includ-
ing cardiac enlargement and dilation, irregularities in
atrioventricular flow, an elevated myocardial perfor-
mance index, and abnormal cardiac output, among
others, can help identify a group of TTTS recipi-
ents who exhibit deteriorated cardiovascular func-
tion123334 Stirnemann et al. found no significant
difference between cardiac function outcomes and
pregnancy outcomes !3. Delabaere et al.! found that
UA-PI, cerebro-placental PI ratio, and UA EDF were
preoperative predictors of infant survival for the re-
cipient twin and donor right ventricular myocardial
performance index (RV-MPI) and recipient UA EDF,
and umbilical vein pulsations were postoperative in-
dicators of donor survival. As can be observed, the
published research reports conflicting results on the
significance of an in-depth cardiovascular assessment
in forecasting the survival of the recipient; hence,
more research on this subject is needed '33%36, How-
ever, Morris et al. found that gestational age was
the only significant independent predictor of perina-
tal survival37.

Since the first FLS was performed 25 years ago, only a
handful of institutions have specialized in minimally
invasive fetal surgery. There is a broad consensus that
fetoscopic laser photocoagulation is the optimal treat-
ment for TTTS. Consequently, there is a need for an
increase in the number of clinics offering fetoscopy.
Despite the rarity of TTTS, several factors are cru-
cial for achieving the best perinatal outcomes: the
choice of surgical method, case selection, appropriate
scheduling of operations, and sufficient postoperative
follow-up. Furthermore, the establishment of dedi-
cated units in tertiary institutions is required to max-
imize therapy for this condition 38.

Most patients are admitted to this center for higher-
stage treatment due to the distance and late diagno-
sis. Lack of data on long-term follow-up, especially
due to the COVID-19 pandemic and the fact that laser
treatment was performed at a single institution, might
be a possible limitation of this study. Among the
other limitations of this study, we can note that it was
impossible to deliver all patients in specialist centers
equipped to care for preterm newborns, which influ-
ences the patients’ outcomes.

CONCLUSIONS

This prospective study demonstrates that laser ther-
apy improves survival rates and is an effective treat-
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ment option for TTTS. Its results underscore the ef-
fectiveness of FLS as a treatment modality for TTTS,
particularly when the condition is diagnosed before
the 26th week of pregnancy. The study also highlights
the importance of Doppler measurements in moni-
toring the health of the fetuses post-surgery. There-
fore, this approach could potentially guide clinicians
in tailoring treatment strategies for TTTS. The higher
incidence of absent or reversed EDV in the donor um-
bilical artery among survivors is another key finding
that warrants further investigation and could poten-
tially serve as a prognostic marker for clinicians.
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