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Objective: To evaluate the surgery outcomes of fetoscopic laser ablation (FLA) for selective umbilical cord in treating twin-twin
transfusion syndrome (TTTS) with special conditions and neonatal outcomes post-operation.
Methods: A prospective study, 21 monochorionic diamniotic (MCDA) twins diagnosed with TTTS stage II–IV according to Quintero
classification from 16 to 26 weeks of gestation, among that, 12 cases of TTTS stage II with selective intrauterine growth restriction
(sIUGR), 6 cases of TTTS stage II with proximate cord insertions, 3 cases of TTTS stage IV underwent fetoscopic laser ablation for
the selective fetal reduction at Hanoi Obstetrics and Gynecology Hospital from September 2019 to July 2021. Complications and
surgical outcomes were noted. Prenatal care was carried out every 2 weeks post operation until birth. Newborn neurologic complica-
tions were assessed at birth, three months, and six months after birth using Denver II test and magnetic resonance imaging (MRI).
Results: The mean gestational age at operation was 20.30 weeks. The average operation duration was 39.52 minutes. No complica-
tions of operation, such as bleeding or infection, were recorded. The mean gestational age at birth was 34.70 ± 4.33 weeks, with
a mean duration of 12.97 ± 6.87 weeks between intervention and delivery. The survival rate of newborns after the operation was
90.48%. There were two stillbirths (9.52%) within seven days after the operation. No short-term neurological complications have been
reported with follow-up of the newborn to 6 months after birth.
Conclusion: Our study showed that fetoscopic laser ablation of selected fetal reduction surgery for treatment of special conditions of
TTTS had no complications of operation, high neonatal survival result (90.48%), no short-term neurological complications. This
should be considered for TTTS in cases of indication.
Keywords: laser ablation, selective fetal reduction, twin-twin transfusion syndrome, new fetal medicine center

Introduction
Monochorionic diamniotic (MCDA) twins are high-risk pregnancies with many complications, the most frequent of
which is twin-twin transfusion syndrome (TTTS), affecting approximately 15% of MCDA twins.1,2 TTTS is associated
with up to 90% neonatal mortality and neurological complications in 20% of surviving co-twin if left untreated.1–3 With
the purpose of improved outcomes, various treatment modalities have been developed, including amnioreduction,
septostomy, selective fetal reduction, and fetoscopic laser surgery (FLS).2,4–6 Among them, FLS coagulates the placental
vascular anastomoses, prevents blood transfusion between the two fetuses, and saves both twins’ lives. It emerges as the
first option in the TTTS treatment.7–9 However, in some cases, selective pregnancy reduction is the preferred choice to
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save the life of at least one fetus with a better prognosis, such as stage IV of TTTS, TTTS with selective intrauterine
growth restriction (sIUGR), and in cases where FLS cannot be performed as proximate cord insertions.8–10 Selective fetal
reduction with many techniques is used today, such as bipolar cord coagulation (BCO), radiofrequency ablation (RFA),
fetoscopic laser ablation (FLA), and most recently, high energy focused ultrasound (HIFU).8,11 The two most commonly
used techniques for selective fetal reduction are BCO and RFA.12–14 More recent reports have suggested that BCO is
associated with an increasing risk of preterm premature rupture of membranes (PPROM) and preterm labor compared to
RFA.13,15–17 However, RFA faces a decrease in the overall survival rate, and occasionally, the technique is
unavailable.13,15–17 HIFU is a non-invasive treatment that has still been studied in clinical trials and has initially
shown some positive results.8 To date, there has been a lack of reporting data on FLA for the selective fetal reduction
in treating TTTS.8,9 Our fetal intervention center, established in 2019, has carried out the fetoscopic laser to treat TTTS,
and we do not have RFA. Therefore, this study aimed to report the results of TTTS treatment using FLA for the selective
fetal reduction in special cases, including surgical and neonatal outcomes after surgery.

Materials and Methods
Study Populations
This prospective study was carried out from September 2019 to July 2021 at Hanoi Obstetrics, and The Ethics Committee
approved gynecology hospital, Hanoi, Vietnam, and of the Hospital and Hanoi Medical University.

Inclusion criteria were MCDA twins with TTTS gestational age from 16 to 26 weeks, diagnosed: TTTS stage IV or
TTTS stage II, III with selective intrauterine growth restriction (sIUGR)18 or proximate cord insertions (the roots of the
two umbilical cords are less than 2 cm).9,10

We excluded the cases of triplets with TTTS; TTTS performed FLS coagulation the placental vascular anastomoses
surgery; manifestations of severe obstetrical diseases such as severe preeclampsia, HELLP syndrome, preterm labor,
rupture of membranes, amniotic infection, placental abruption, or severe chronic and acute maternal illnesses with
contraindications to implementation general surgery such as severe heart disease, kidney failure stage III, IV at the time
of screening to select for the study.9

Procedure
All MCDA twins were followed up by sonographic examination every two weeks from 12 weeks of gestation; MCDA
twins were determined according to the International Society of Ultrasound in Obstetrics and Gynecology (ISOUG)
criteria.19,20 MCDA twins diagnosed with stage II–IV of TTTS according to Quintero classification21 from 16 to 26
weeks were given a study information sheet. These women were screened for eligibility by research doctors. After
screening, they were provided with a full Patient Information Sheet, Consent Form and invited to a complete discussion
with investigators about the study. When a patient signed informed consent, she was considered to be enrolled in the
study.

Eligible women were examined pre-operation by local protocols, taken blood tests and measured cervical length
(according to the Society for Maternal-Fetal Medicine – SMFM guidelines).22

Fetoscopic Laser Ablation for the Selective Fetal Reduction
Anesthesia was performed by combined general anesthesia (intravenous sedation) and local anesthesia (using Lidocaine
1%). The surgery was performed in a separate operation room for fetal surgery. Diode laser, with a 600 μ fiber, was used
for cord occlusion. We used fetoscopic instruments: Image IS 4U of Karl Storz (Tuttlingen, Germany), laser instruments
of Medilas D MultiBeam of Dornier, laser light guide of Dornier Medtech. Based on a previously determined position,
the Seldinger technique was used to enter the polyhydramnios cavity under ultrasound guidance. Scope diameter was
used in 2 sizes: 1.2 mm for the fetus under 20 weeks and 2 mm for the pregnancy over 20 weeks. Selective umbilical
cord coagulation laser technique was applied to reduce pregnancy with a worse prognosis (donor fetus). The umbilical
cord vessels were ablated under direct vision, and power settings from 50–60 W were required to achieve complete
occlusion, depending on gestation age and cord size. The technique was considered successful when the entire umbilical
cord blood vessel was occluded in the donor fetus. This was demonstrated by the loss of umbilical cord flow at the site of
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the ablation on Doppler ultrasound examination and the bradycardia or cardiac arrest observed on ultrasound. The
amniotic fluid was subsequently drained until the maximum vertical pocket (MVP) reached the normal range (MVP 5 cm
or 6 cm). Surgical characteristics such as operating duration from entering trocarts to withdrawing trocarts, anesthetic
method, and amount of drained amniotic fluid were recorded.

Intra-operative and postoperative complications, including co-twin demise, bleeding in amniotic cavity, PPROM
within 24 hours, maternal infection, anesthetic complications, or maternal blood loss requiring transfusion, were
recorded.

Follow-Up
After surgery, pregnant women were examined and performed ultrasound at the following times: 48 hours, seven days,
every two weeks until birth. Newborns were followed-up at three months and six months after birth.

The re-test of blood was performed after surgery 48 hours to determine the infection.
The study subjects were clinically examined according to the local protocol at all post-operative antenatal care visits.

They measured the fetal biometric indicators, Doppler ultrasound of the umbilical artery, umbilical vein, ductus
arteriosus, middle cerebral artery, and measurement of cervical length by ultrasound. No other observed or pre-
existing fetal abnormalities were recorded.

Neonatal data including gestational age at delivery, birth method, birth weight, Apgar scores and Neonatal Intensive
Care Unit (NICU) admission were collected at the time of birth.

Newborns were examined and monitored by a neonatologist at 3–6 months after birth. The mental and motor
development of newborns were assessed according to the Denver II test,23 and the neonatal brain lesions were detected
by Magnetic Resonance Imaging (MRI).

Statistical Analysis
Data were collected and managed using Redcap software and analyzed using the STATA 16.0 software. Qualitative
variables were represented as numbers and percentages. Quantitative variables were described as mean with standard
deviation and compared using the Mann–Whitney U-test. A p-value <0.05 was considered to be a statistically significant
difference.

Results
During the 18 months of the study, we followed 344 participants with MCDA twins and 33 patients with TTTS who
performed surgery at our fetal intervention center and neonatal follow-up up to 6 months postpartum. Twenty-one cases
were successfully performed with FLA for the selective fetal reduction. However, 2 cases of fetal demises (recipient
fetus) occurred within seven days after the operation, and 19 cases of post-operative pregnancy follow-up until at least
six months postpartum (Figure 1).

Table 1 shows general characteristics. According to Quintero classification, we have 18/21 cases of TTTS stage II
(85.71%) and 3/21 cases of stage IV (14.29%). Indication for the selective fetal reduction in stage II due to TTTS with
sIUGR (12 cases) and proximate cord insertions (6 cases). The average gestational age before surgery was 20.30
weeks.

The results of the operation are showed in Table 2. The average operation duration was 39.52 minutes; the average
hospital stay was 5.42 days. We did not record any complications intra-operation and post-operation, including: co-twin
demise, bleeding in the amniotic cavity, PPROM within 24 hours, maternal infection, anesthetic complications, or
maternal blood loss requiring transfusion. After surgery, we recorded a decrease in cervical length at 48 hours and seven-
day post-operation, but this change was not statistically significant with p < 0.05.

The neonatal results are presented in Table 3. The mean gestational age at birth was 34.70 ± 4.33 weeks, with a mean
duration of 12.97 ± 6.87 weeks between intervention and delivery. After surgery, the neonatal survival rate was 90.48%,
and the average birth weight was 2281.58 ± 734.13 grams. We had 4 cases enter the NICU because of respiratory distress
according to very low and extremely low birth weight. There were no postoperative maternal complications and no
neurological complications when following up for at least six months postpartum.
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Discussion
Giving both fetuses a chance to live has always been the goal of TTTS treatments. However, in a few exceptional cases,
survival of at least one fetus is required; otherwise, there is a risk of both fetuses’ demise. Therefore, selective fetal
reduction techniques are proposed.

The selective fetal reduction is indicated of an MCDA twin, which is either discordant for a serious anomaly, sIURG,
or cases of TTTS.24,25 It improves the outcome for its co-twin.24,25 Selective fetal reduction is used to treat TTTS when
one fetus is at high risk of neurological complications or fetal demises such as severe TTTS (stage IV) or TTTS with
sIUGR.7–9 On the other hand, when the coagulation technique of the placental vascular anastomoses cannot be
performed, as in the case of proximate cord insertions, the roots of the two umbilical cords are less than 2 cm.10,18 In
this situation, cauterization of the anastomoses in the equatorial between the two fetuses may face the risk of injury and
occlusion of the remaining fetal blood vessels causing stillbirth in both fetuses.10,18 Selective fetal reduction techniques

Figure 1 The flowchart of study groups.
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Table 1 General Characteristics (n = 21)

Variables Value Number (%) Mean ± SD

Mother’s age (year) 27.0 ± 4.3

Region Northern 19 (90.48)

Central 1 (4.76)

Southern 1 (4.76)

Pre-intervention maternal
morbidities

Vaginitis 3 (14.29)

Diabetes mellitus 1 (4.76)

Preterm birth 0 (0.00)

Position of the placenta Anterior 8 (38.10)

Posterior 13 (61.90)

sIUGR 12 (57.14)

Cervical length (mm) 36.03 ± 7.40

MVP in polyhydramnios (mL) 94.86 ± 13.33

MVP in oligohydramnios (mL) 10. 68 ± 7.31

TTTS stage: n (%) Stage II 18 (85.71)

Stage IV 3 (14.29)

Gestational age (week) 20.30 ± 2.32

Causes of Operation TTTS with sIUGR 12 (57.14)

TTTS with proximate cord insertions 6 (28.57)

TTTS stage IV 3 (14.29)

Note: Data are presented as n (%) or Mean ± (SD) where appropriate.
Abbreviations: sIUGR, selective intrauterine growth restriction, MVP, maximum vertical pocket.

Table 2 Outcomes of Laser Ablation for the Selective Fetal Reduction Surgery

Outcomes Value

Venous sedation 21/21 (100)

Operating duration (minutes) 39.52 ± 9.21

Amount of drained amniotic fluid (mL) 533.33 ± 224.35

Intra-operative complications 0 (0)

Post-operative complications 0 (0)

Hospitalization duration (day) 5.42 ± 3.96

Cervical length
(cm)

Pre-operation 36.03 ± 7.40*

48 hours
postoperation

34.06 ± 9.46**

7 days postoperation 35.17 ± 7.11***

Notes: Data are presented as n (%) or Mean ± (SD) where appropriate. *cervical length preoperation vs 48h
postoperation with p>0.05 (Mann–Whitney U-test). **cervical length preoperation vs 7 days postoperation
with p>0.05 (Mann–Whitney U-test). ***48h postoperation vs 7 days postoperation with p>0.05 (Mann–
Whitney U-test).
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must be performed with the patient’s and family’s consent.8,9 To date, selective fetal reduction protocols are not
universally agreed upon and vary according to country-specific circumstances, with some countries not implementing
them due to problems related to religion.7 However, the technique is always suggested in situations that risk both fetuses
demise.7–9,26 Along with the development of the fetal intervention, the current trend of selective fetal reduction is
towards minimally invasive or non-invasive procedures such as HIFU.8 However, HIFU is still in the process of clinical
trials, and it has not been widely applied due to the difficulty of the technique.8 Currently, the three treatment methods are
BCO, RFA, and FLA. Although these techniques have been compared previously, the method, which results in the best
perinatal outcome is controversial.27–30 This is probably due to the relatively small case series to date, especially given
the lack of data on FLA for selective fetal reduction.27–31 In addition, an important aspect influencing the chosen
treatment procedure is the feasibility of the technology. RFA is not available at most fetal medicine centers. FLS for
TTTS was recently performed at HOGH, the first fetal interventional surgery center in Vietnam. In specific situations, we
apply FLA for selective fetal reduction.

The mean gestational age at surgery in our study was 20.30 weeks. The mean gestational age at surgery was lower
than in other studies because we followed MCDA twins from 12 weeks and diagnosed TTTS early. TTTS is most

Table 3 Neonatal Results

Outcomes Value

Survival rate 19/21 (90.48)

Neurological complications Denver II (abnormal) 0/19 (0)

MRI (abnormal) 0/19 (0)

Interval between intervention and delivery (weeks) 12.97 ± 6.87

Gestational age at birth (week) (n = 19) Mean ± SD 34.70 ± 4.33

� 34th gestational week 13/19 (68.42)

< 34th gestational week 6/19 (31.58)

Method of delivery (n = 19) Vaginal 11 (57.89)

Caesarean 8 (42.11)

Apgar score (n = 19) After 1 minute 7.16 ± 1.38

After 5 minutes 8.21 ± 1.36

Fetal weight at birth (gr) (n = 19) Mean ± SD 2281.58 ± 734.13

More than 2500gr 10 (52.63)

1500–2500gr 5 (26.32)

1000–1500gr 3 (15.79)

Less than 1000gr 1 (5.26)

NICU admission (n = 19) n (%) 4 (21.05)

CPAP 2 (50.00)

Intubation 2 (50.00)

Karyotype (n = 21) Normal 21 (100)

Abnormal 0 (0%)

Notes: Data are presented as n (%) or Mean ± (SD) where appropriate.
Abbreviations: MRI, magnetic resonance imaging; NICU, neonatal intensive care unit; CPAP, continuous positive airway pressure.
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frequently diagnosed in the second trimester of pregnancy. Our study’s mean procedure duration was 39.52 minutes,
which was shorter when compared to the time of the RFA technique in previous studies.11 Selective pregnancy reduction
surgery is interventional. The prolonged duration of the procedure raises the risk of postoperative PPROM and preterm
labor.11,31,32 We did not record any surgical complications, such as bleeding in the amniotic cavity, PPROM, especially
infection. Infection is one of the most common complications following a fetal intervention. Our result may explain why
we perform FLA surgery in an operating room designed explicitly for fetal intervention according to international
standards, the procedures performed according to the protocol, and ensure the principles of sterility. The mean duration
between intervention and delivery was 12.97 ± 6.87 weeks, which helped the average gestational age at birth reach 34.70
± 4.33 weeks. Our findings were consistent with those of Rahimi-Sharbaf et al’s study on the effectiveness of RFA in
treating MCDA twin complications and were higher in the treatment of TTTS using alternative procedures such as BCO
or RFAwith the mean gestational age at birth was 30 weeks.31 The preterm birth rate under 34 weeks is 31.58%. Preterm
birth rates are always concerned, especially since our study subjects already had an increased risk factor, which is
polyhydramnios in TTTS and performing fetal intervention. Preterm birth increases the risk of neonatal mortality and
neurological complications, affecting the outcome of treatment. However, our study found a considerably reduced
preterm birth rate. The rate of preterm birth rate under 34 weeks in our study was much lower than previously published
with LFA (64.7%) and BCO (49.5%).11,28 Our results were similar when using the RFA technique in that study.11,31 This
marked difference may be explained by various potential confounders. Firstly, because of the difference in gestational
age of the surgical procedure, we performed surgery in the second trimester differently from some studies performed in
the third trimester, increasing the risk of premature birth following the procedure. Secondly, our study’s surgical duration
was shorter, and most healthy women had no signs of threatened preterm delivery or a short cervix prior to surgery.

Neonatal survival outcomes are among the most critical outcomes of surgery. Neonatal survival rates have
generally varied between 70% and 90% in selective fetal reduction studies and are around 70% lower in the
treatment of TTTS.11,28,31 The neonatal survival rate with FLS is about 60–70% if both fetuses and 80–90% in at
least one fetus.1,3,33 As a result, our study’s neonatal survival rate was higher than in other studies. There were
two cases of co-twin demise within seven days following the operation. These two cases included: a case of TTTS
stage IV and an of TTTS with sIUGR, a twin growth discordance >61%. Fetal demise is one of the most common
consequences following selective fetal reduction.1,3,33 The hypothesis is that the abrupt interruption of the
circulation of one fetus affects the hemodynamics of the co-twin.1,3,33 We did not find a cause of stillbirth in
our study, possibly due to the limited number of study subjects. The average birth weight in our study was
2281.58 ± 734.13 grams. We had 5 cases of neonates weighing less than 1500 g, of which 4/5 entered the NICU,
and 4 cases were all premature births. Preterm birth and intrauterine growth restriction are frequently encountered
and worsen neonatal outcomes after surgery. Therefore, active treatment for threatening preterm birth and good
intrauterine fetal growth assessment is essential for caretaking and monitoring pregnant women after surgery.
Another essential neonatal outcome is the occurrence of neurological complications. Although selective fetal
reduction surgery aims to save the life of the co-twin and limit neurological complications, neurological
abnormalities are still reported in 11–14%.34–36 Neurological complications can result from long-term fetal
cerebral ischemia or complications from preterm birth in some cases.34–36 In our study, no abnormalities were
detected through assessment of brain damage by MRI and psychomotor development through Denver II test, but it
may be due to our short-term follow-up, only six months after birth. This is also a limitation of the study when
long-term neurological complications have not been evaluated. We will follow up with neonates up to 2 years of
age to assess long-term neurologic abnormalities in the infant’s psychomotor development.

The strength of our study is that we performed the same surgical procedure at the same fetal medicine center using the
same surgical standards, and the same surgeon team with considerable training in fetal medicine performs the techniques.
However, our study is limited by the absence of a randomized comparison of surgical treatments for TTTS selective fetal
reduction, and additionally, we lack data on long-term neonatal follow-up.
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Conclusion
In summary, in our experience, FLA for Selective fetal reduction treatment of TTTS had no surgical complications and
achieved a high neonatal survival rate. We suggest that FLA should be considered as the method of choice for selective
fetal reduction in some cases with indications to perform the technique.
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