DE GRUYTER

J. Perinat. Med. 2025; aop a

Review

Janina Semmler, Wolfgang Henrich and Christian Bamberg*

The use of laser therapy in fetal medicine: a

narrative review

https://doi.org/10.1515/jpm-2025-0191
Received April 7, 2025; accepted September 22, 2025;
published online October 13, 2025

Abstract

Introduction: Fetal therapy has evolved into an established
clinical specialty in fetal medicine, offering life-saving in-
terventions for conditions with high intrauterine morbidity
and mortality. Among various approaches, laser therapy has
played a significant role in advancing fetal procedures.
Content: The most established application of laser is feto-
scopic laser coagulation for twin-twin transfusion syndrome,
which significantly reduces perinatal mortality and neuro-
logical complications. Other indications include twin anemia-
polycythemia sequence and, as an intrafetal application, twin
reversed arterial perfusion sequence. As an experimental
approach, intrafetal laser therapy can be used to close the
feeding blood vessel of unwanted tissue, thus preventing
further tissue growth. Despite the advantages of fetal laser
therapy, it presents challenges such as preterm premature
rupture of membranes, preterm birth, technical difficulties,
and the need for specialized expertise.

Summary: Laser therapy has become a cornerstone of fetal
medicine, demonstrating significant clinical benefits. While
laser therapy for TTTS is supported by high-level evidence,
other applications rely on observational or experimental data.
Outlook: Future advancements, including improved imag-
ing technologies, artificial intelligence, and robotic-assisted
techniques, are expected to further enhance the precision,
safety, and accessibility of fetal laser therapy. Large-scale
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studies through international collaborations will be essen-
tial to standardize protocols and improve outcomes.
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Introduction

Fetal therapy has evolved significantly in recent decades,
from an experimental field to an established clinical specialty
with a significant impact on perinatal outcomes. A key factor
is the selection of patients, as fetal surgical intervention is
primarily used in conditions with a high risk of intrauterine
fetal death or sequelae, since, unlike postnatal interventions,
it is associated with additional risks such as iatrogenic pre-
term birth or maternal complications. The prenatal laser
technique is primarily used to correct vascular anomalies,
remove obstructions, and perform precise surgical in-
terventions on the fetus or placenta. Its use in fetal medicine
has significantly advanced the field of fetoscopy, allowing for
minimally invasive procedures that can treat life-threatening
conditions in utero. The first successful fetoscopic laser co-
agulations were performed in the early 1990s for twin-twin
transfusion syndrome (TTTS) [1]. Today, fetoscopic laser has
become the gold standard treatment for this condition,
significantly reducing perinatal mortality and improving
neurological outcomes [2-5]. Since its introduction, the
application of fetoscopic laser surgery in fetal medicine has
expanded to include other complications of monochorionic
twinning, including twin anemia-polycythemia sequence
(TAPS) [6, 7]. In addition to its fetoscopic approach, laser
therapy is now being used intrafetally, primarily to treat twin
reversed arterial perfusion sequence (TRAP) [8, 9]. The other
laser procedures discussed in this review are performed far
less frequently and are reserved for rare or experimental
indications, such as bronchopulmonary sequestration (BPS)
[10-12], lower urinary tract obstructions (LUTO) [13] and
sacrococcygeal teratomas [14]. Despite these advances, fetal
laser therapy continues to face significant challenges. These
include potential maternal and fetal complications such
as preterm premature rupture of membranes (PPROM),
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spontaneous preterm birth, and procedure-related fetal loss
[15]. Technical difficulties may arise in certain anatomical
situations, particularly with anterior placentas or poor visu-
alization conditions. Furthermore, the specialized training
and expertise required for these procedures limit their
widespread availability [16].

This narrative review provides a comprehensive overview
of current laser applications in fetal medicine, explaining the
fetal conditions that benefit from laser treatment and discus-
sing its technical aspects, complications, and clinical outcomes.

Twin-to-twin transfusion syndrome

Pathophysiology and diagnosis of twin-to-
twin transfusion syndrome

TTTS represents a complication that occurs in monochorionic
multiples, affecting approximately 10-15 % of these cases [17].
The underlying cause of TTTS lies in the blood flow through
placental anastomoses in monochorionic twins, which include
arteriovenous (AV), arterioarterial (AA), and venovenous (VV)
anastomoses. TTTS typically develops when multiple unidirec-
tional AV anastomoses predominate in the absence of sufficient
compensatory connections, leading to an imbalance of blood
flow between the fetuses [18]. TTTS typically manifests between
16 and 26 weeks of gestation [19]. The donor twin experiences a
blood volume deficit leading to oligohydramnios and decreased
urinary output (oliguria). Conversely, the recipient twin de-
velops blood volume overload, leading to polyhydramnios and
increased urinary production (polyuria) [20]. To facilitate early
detection of these sonographic signs, international guidelines
recommend serial ultrasound examinations every two weeks
from the 16th gestational week onward [21-23].

For clinical assessment and management purposes [24]
several staging systems have been proposed to categorize
TTTS severity. The Quintero classification remains the most
widely implemented in clinical practice [25]. This system
establishes five progressive stages based on ultrasono-
graphic finding (Table 1 with Figure 1).

Fetoscopic laser procedure for twin-to-twin
transfusion syndrome

Fetoscopic laser therapy represents the only causal treat-
ment and is considered the gold standard for TTTS man-
agement between 16 and 26 weeks of gestation, with some
centers extending this window [26-28]. This is based on
the multicenter, randomized, controlled landmark study
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Table 1: Staging of twin-to-twin transfusion syndrome (TTTS) according
to Quintero [25].

Stage Ultrasound findings

I Oligohydramnios in the donor twin’s sac and polyhydramnios in the
recipient’s sac

II + The donor twin’s bladder is undetectable

111 + Critically abnormal Doppler measurements in either twin®

v + Hydrops fetalis in either twin

\ + Intrauterine death of one or both fetuses

*Critically abnormal Doppler measurements is defined as umbilical artery
Doppler with absent or reverse flow in end-diastole and/or ductus venosus
Doppler with reverse a-wave (Figure 1) or and/or umbilical vein with
pulsatile flow.

published by the Eurofoetus group, which demonstrated the
superiority of fetoscopic laser over serial amnioreduction.
The study showed higher survival of at least one twin to age
28 days (76 % vs. 56 %; p=0.009), higher gestational age at
delivery (33.3 weeks vs. 29.0 weeks; p=0.004), and higher
survival rates without major neurological complications at
6 months (52 % vs. 31 %; p=0.003) [2].

Fetoscopic laser therapy for TTTS is a minimally inva-
sive procedure. Selecting the optimal site for insertion of the
fetoscope under ultrasound guidance into the recipient’s sac
for laser treatment of TTTS is essential. The entry site tech-
nique varies depending on the position of the placenta,
umbilical cord insertions, and fetal position. The entry site
should be positioned opposite the likely vascular anasto-
moses on the placental surface. In the case of a posterior
placenta, the entry site is close to the maternal navel. In cases
where the placenta is anterior, the entry point is carefully
selected along the side of the uterus to avoid coming into
contact with the placenta. The authors use special scopes
with 30° optics to visualize the entire vascular equator. The
distal tip of the operative fetoscope is equipped with an
Albarran steering lever, a mechanism inside the fetoscope
that enables the laser fibre to be bent upwards (Figure 2).
This allows it to target the anterior placenta and coagulate
anastomoses in that area as well. With this technique, even
anastomoses located close to the entry point of the fetoscope
can be effectively coagulated. There is evidence that when
using the 30° scopes with a special Albarran mechanism, the
neonatal double survival rate is independent of the placental
location [3]. The procedure is usually performed under local
anesthesia with or without maternal additional sedation
[29]. After identifying the anastomoses on the placental
surface, these vascular connections are coagulated using a
diode laser or Nd:YAG with wavelengths of 980 nm or
810 nm, thereby interrupting the pathological inter-twin
blood flow (Figure 3). Following successful laser coagulation,
amnioreduction is performed to normalize the amniotic
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Figure 1: Ultrasound findings relevant for TTTS staging. (A) Umbilical artery Doppler with reverse flow in end-diastole and (B) ductus venosus Doppler

with reverse a-wave. (C) Hydropic fetus with ascites and skin oedema.

fluid volume in the recipient’s sac. Studies have demon-
strated that operator experience significantly influences
outcomes, with higher success rates for experienced fetal
surgeons [16]. Over the years, various technical approaches
to fetoscopic laser coagulation for TTTS have been devel-
oped. An overview is provided below.

Selective laser coagulation

This approach specifically targets only the anastomoses
connecting the two fetuses in no particular order while
preserving vascular connections that remain within the
territory of each individual fetus. This selective method
improves fetal outcomes compared to a non-selective tech-
nique [30], in which all blood vessels on the placental surface
crossing the intertwin membrane are coagulated without
specifically targeting the actual vascular equator [31].

Solomon technique

The Solomon technique is a modified laser surgery method
where a continuous laser line is made to connect all coag-
ulated blood vessel connections (anastomoses) along the
vascular equator (Figure 4). Randomized controlled trials
have shown that this method significantly lowers the risk of
leaving residual anastomoses [32, 33]. A landmark study by
Slaghekke et al. found that the Solomon technique also re-
duces complications like post laser TAPS (Twin Anemia-
Polycythemia Sequence) and recurrent TTTS. However, it
does not significantly reduce the overall risk of death in
affected pregnancies [32]. One concern is that the Solomon
technique uses more laser energy, which has been linked to
a higher chance of placental abruption (14 % compared to
3% [34]). Also, Akkermans et al. found that damage to the
placenta is linked to earlier births [35]. To reduce these
risks, a modified approach has emerged, called the partial

Figure 2: Distal tip of a 30° fetoscope with Albarran steering lever. (A) Laser fiber in resting position. (B) Laser fiber in deflected position.
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Figure 3: Fetoscopic laser coagulation of an anastomosis on the
placental surface.

Solomon technique. In this version, the laser line skips
large areas of the placenta that don’t have visible blood
vessels [36]. The authors of this study prefer this approach.

Sequential selective laser technique

This approach involves coagulating anastomoses in a spe-
cific predetermined sequence [37]. Arteriovenous (AV)
anastomoses from donor to recipient are closed first,

Figure 4: Fetoscopic image of the Solomon technique: continuous laser
ablation along the vascular equator.
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followed by AV anastomoses from recipient to donor and
arterio-arterial (AA) and veno-venous (VV) anastomoses are
lasered last. This technique is intended to reduce the risk of
hypotension in the donor twin, thereby lowering the likeli-
hood of intrauterine demise. Recently Chmait and co-
workers published a randomized controlled trial suggesting
that donor twin survival may improve with the sequential
laser technique when AA anastomoses are present and/or
the donor exhibits critical abnormal Doppler findings pre-
operatively (TTTS Stage III donor) [38].

The length of time it takes to complete laser surgery (to
fully separate the shared blood vessels between the two
babies) doesn’t seem to affect the survival of the recipient
baby. However, the donor baby’s chances of survival do
change depending on how long the surgery takes. If the
surgery takes more than 10 min, the donor baby survives
78 % of the time. If it takes between 5 and 10 min, survival
goes up to 85 %. And if the surgery is done in under 5 min,
the survival rate is 92 % [39]. There is no doubt that all
vascular anastomoses should be closed during the feto-
scopic laser surgery, as this is the rational of the curative
therapy.

Outcomes and complications of fetoscopic
laser therapy for twin-to-twin transfusion
syndrome

Without treatment, TTTS carries an extremely high mortal-
ity rate exceeding 80-90 %, primarily resulting from intra-
uterine death or pregnancy loss due to cervical insufficiency
or premature membrane rupture secondary to poly-
hydramnios [19]. The implementation of laser therapy has
dramatically improved survival rates compared to serial
amnioreduction [2], with outcomes continuing to improve
over recent decades [3, 40]. The largest single-center cohort
study reported stage-dependent survival rates, with Quin-
tero stages I and II achieving dual fetal survival in 75 % of
cases and at least one survivor in 94.5 %. For more severe
disease (stages III and IV), these rates decreased significantly
to 62 % for dual survival and 88 % for at least one survivor
[41]. These figures represent significant improvement over
historical outcomes and demonstrate the efficacy of current
laser treatment protocols.

The most common complication following fetoscopic
laser therapy for TTTS is spontaneous preterm labor and
birth, with a median gestational age at delivery of around
32 weeks [40]. PPROM represents the primary cause, occur-
ring in approximately 40 % of cases [15, 42]. This often hap-
pens because the small hole created in the amniotic sac
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during the laser procedure does not heal properly [20, 43].
However, premature labor can also occur without PPROM
after laser therapy. In cases where a shortened cervical ca-
nal is already present at TTTS diagnosis (due to the me-
chanical stress of polyhydramnios in twin pregnancies), the
risk of preterm delivery increases substantially. Even
though this is a known risk, treatments like cervical cerclage
or a supportive pessary have not clearly been shown to help
in these cases [44], although high-quality randomized
controlled trials addressing this question are still lacking. A
comprehensive review found that the risk of severe neuro-
developmental impairment following prenatal laser therapy
for TTTS, assessed at the ages of 2 and 4-6 years, ranges from
approximately 6-18 % and 4-13 %, respectively [45]. This
riskis higher if the baby is born very prematurely or exhibits
abnormal Doppler findings before birth. Beyond neurolog-
ical considerations, cardiovascular sequelae represent a
significant potential complication. Right ventricular outflow
tract anomalies have been observed in up to 11 % of recipient
twins in TTTS cases [45].

Twin anemia-polycythemia
sequence

Pathophysiology and diagnosis of twin
anemia-polycythemia sequence

Twin Anemia-Polycythemia Sequence (TAPS) is a condition
unique to monochorionic twin pregnancies, characterized
by a significant difference in hemoglobin levels between the
twins, without the typical amniotic fluid imbalance seen in
TTTS [46]. TAPS arises from an uneven blood flow through
very small vascular connections (anastomoses) in the
placenta, located between the umbilical cord insertions of
the two fetuses. Instead of causing rapid volume shifts, this
results in a slow, chronic transfusion of blood from one twin
to the other - leading to an anemic donor twin and a poly-
cythemic recipient twin (with excess red blood cells). TAPS
occurs spontaneously in about 5% of monochorionic twin
pregnancies, usually in the third trimester. It can also
develop after laser surgery for TTTS in 2-13 % of cases [17,47,
48], often due to tiny vascular connections that were either
missed or could not be sealed completely during the
procedure.

Antenatal diagnosis of TAPS relies on Doppler ultraso-
nography of the middle cerebral artery peak systolic velocity
(MCA-PSV). Currently, there is no universally accepted in-
ternational consensus regarding the precise cut-off values
for MCA-PSV. Through a Delphi procedure, international

Semmler et al.: Narrative review: laser therapy in fetal medicne —— 5

experts agreed on diagnostic thresholds of >1.5 multiples of
the median (MoM) for the donor twin and <0.8 MoM for the
recipient twin [49]. Other studies have suggested <1.0 MoM
as the threshold for the recipient twin [46]. The expert panel
in the Delphi procedure also recognized a delta of 1.0 MoM
in MCA-PSV difference between twins as a diagnostic crite-
rion [49]. Setting the MCA-PSV difference to 0.5 MoM further
improves diagnostic accuracy, but at the cost of a higher
false-positive rate [50, 51].

Beyond MCA-PSV measurements, several additional ul-
trasound findings may suggest TAPS, including differences
in placental thickness and echogenicity. Typically, the do-
nor’s placental share appears hyperechoic and thick, while
the recipient’s portion presents hypoechoic and thin
(Figure 5) [52]. Another characteristic finding is the ‘starry-
sky liver’ appearance in the recipient twin, characterized by
a hypoechoic liver parenchyma with hyperechoic portal
venous walls (Figure 6) [53]. Similar to TTTS, TAPS can be
classified into five stages of severity (Table 2) [50]. For early
detection of TAPS, ultrasound examinations are recom-
mended fortnightly beginning at 16 weeks’ gestation. Upon
diagnosis of TAPS, weekly ultrasound monitoring is
indicated [49].

Fetoscopic laser procedure for twin anemia-
polycythemia sequence

The therapeutic options for TAPS include expectant man-
agement, fetoscopic laser therapy, intrauterine blood
transfusion, delivery, and rarely selective feticide. The se-
lection of treatment modality depends on gestational age,
disease severity, patient preferences, and physician exper-
tise with significant variations in approach among

Figure 5: In TAPS, the donor’s placental share appears hyperechoic and
thick, while the recipient’s placental share is hypoechoic and thin.
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Table 2: Staging of twin anemia-polycythemia sequence (TAPS) [50].

Stage Ultrasound findings

I Difference of MCA-PSV > 0.5 MoM between donor and recipient
twin

II Difference of MCA-PSV > 0.7 MoM between donor and recipient
twin

11 + Critically abnormal Doppler measurements in the donor twin?

v + Hydrops of the donor twin

v + Intrauterine death of one or both fetuses

MCA-PSV, middle cerebral artery peak systolic velocity; MoM, multiple of the
median. Critically abnormal Doppler measurements is defined as umbilical
artery Doppler with absent or reverse flow in end-diastole and/or ductus
venosus Doppler with reverse a-wave or and/or umbilical vein with
pulsatile flow.

international fetal therapy centers [6]. There is little evi-
dence about optimal management of TAPS, therefore treat-
ment options should be individualized and discussed with
parents.

Laser therapy represents the only causative treatment
option and can be performed up to 28 weeks of gestation [7]
at stage II - IV [54]. The laser coagulation procedure for TAPS
follows a similar protocol to that used in TTTS cases; how-
ever, it presents greater technical challenges. Access to the
vascular equator is more challenging due to the absence of
polyhydramnios, which reduces the maneuvering space for
the fetoscope and causes the freely floating intertwin
membrane to potentially obstruct visibility. In some cases,
amnioinfusion helps to create an adequate operative field.
An additional challenge in TAPS laser surgery is that amni-
otic fluid tends to be cloudier in the later gestational weeks
when TAPS typically manifests. To aid orientation during the
procedure, the difference in placental echogenicity between
donor and recipient territories can serve as a useful land-
mark [52], as this represents the area of the vascular equator
depicted by ultrasound. Since TAPS requires the closure of
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Figure 6: Ultrasound appearance of the liver in
twin-to-twin transfusion syndrome. (A)
Abdomen of the polycythemic recipient twin
showing hypoechoic liver parenchyma with
hyperechoic portal venous walls, known as the
‘starry-sky’ liver appearance, and (B) the
abdomen with the normal liver of the anemic
donor twin.

extremely small anastomoses, the Solomon technique,
which involves coagulating the entire vascular equator
rather than selectively targeting visible anastomoses, is
considered essential for successful treatment. This is
because not all anastomoses are visible to the naked eye and
could otherwise be missed [55].

Outcomes and complications of fetoscopic
laser therapy for twin anemia-polycythemia
sequence

If TAPS is not treated, it can lead to serious complications for
both babies. The anemic donor twin — the one losing
blood — may develop heart failure, fluid buildup in the body
(hydrops), low oxygen levels, brain development issues,
hearing loss, or may even die before birth. The polycythemic
recipient twin — the one receiving too much blood - can
develop thick, sticky blood (hyperviscosity), increasing the
risk of blood clots, bleeding, and damage to organs such as
the skin, intestines, or brain. In 2020, the TAPS Registry
published international data on outcomes following treat-
ment for TAPS. The choice of treatment varied depending on
the individual case and the experience of the Fetal Therapy
Centre making the decision [6]. In this cohort, 110 fetuses
with TAPS underwent laser surgery as therapy, with a
perinatal mortality rate of 18 %, a severe neonatal morbidity
rate of 31% and a severe cerebral injury rate of 3 % Table 3
[6]. However, other reports describe a higher rate of overall
neurodevelopmental impairment of 9 % [56], and systemat-
ically collected data on long-term neurological outcomes
following laser therapy for TAPS remain insufficient and are
still needed. Otherwise, the laser procedure for TAPS
generally carries comparable risks in terms of PPROM and
preterm birth as the laser treatment for TTTS.
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Twin reversed arterial perfusion
sequence

Pathophysiology and diagnosis of twin
reversed arterial perfusion sequence

The Twin Reversed Arterial Perfusion Sequence (TRAP) is
another complication occurring in monochorionic twins,
with an incidence of 1 in 35.000 pregnancies [57]. This is the
most extreme form of interfetal transfusion. Through an AA
anastomosis of the monochorionic placenta, one twin
(pumping twin) pumps blood retrograde via the umbilical
cord into the arterial system of the other twin (parasitic co-
twin). The latter develops hydrops fetalis at an early stage,
the heart regresses and pronounced malformations of the
upper half of the body (acardius acranius) are the result. The
sonographically unremarkable pumping twin supplies the
parasitic co-twin with blood, and this severe circulatory
strain often leads to hyperdynamic heart failure, hydrops
fetalis, and intrauterine death. With conservative manage-
ment, approximately half of pumping twins survive [57]. The
TRAP sequence can be diagnosed by experienced prenatal
diagnosticians as early as the first trimester of pregnancy
(Figure 7). After diagnosis at 12 weeks of pregnancy, 33 % of
pumping twins in utero have died spontaneously and un-
predictably by 16 weeks of pregnancy [58]. Spontaneous
cessation of retrograde perfusion of the acardius occurs in
approximately 20% of cases [58]. In untreated cohorts,
mortality rates exceeding 50 % have been reported for the
pump twin, primarily due to progressive high-output cardiac
failure and resulting preterm delivery [57, 59].

Laser procedure for twin reversed arterial
perfusion sequence

Various invasive therapies have been described in the first
and second trimester to disconnect the acardius acranius
from the pumping twin (Table 4).
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Figure 7: Parasitic twin (acardius acranius) with absent heart and head,
and retrograde umbilical artery perfusion.

Traditionally, intervention is only performed after the
16th week of pregnancy. The overall survival rate is 80 % [8].
However, evidence suggests that earlier interventions might
reduce the rate of very early preterm births [60]. The results
of the large international TRAPIST study, which compares
the outcomes of early and late interventions, are still
pending (ClinicalTrials.gov NCT02621645). For the parasitic
twin, there is no possibility of survival even with early
prenatal diagnosis. The most commonly used causative
management options are intrafetal interventions such as
intrafetal (=interstitial) laser therapy, radiofrequency abla-
tion, or microwave ablation [8, 9, 59, 61, 62]. Currently, there
is no international consensus regarding which of these
procedures is the best. However, the intrafetal approach is
considered technically less demanding compared to feto-
scopic approaches, such as cord coagulation or ultrasound-
guided cord clamping with bipolar forceps [63, 64], and is
associated with lower rates of preterm delivery and mem-
brane rupture [65, 66]. A comparative study between inter-
stitial laser and fetoscopic cord occlusion reported
neurological disabilities in 12 % of cases following fetoscopic
intervention, while no such complications were observed in

Table 3: Outcome data from the twin anemia-polycythemia sequence (TAPS) registry depending on the therapy used [6].

Expectant Fetoscopic  Intrauterine blood transfusion (+/— partial ex- Delivery  Selective
management laser change transfusion) feticide
Gestational age at delivery 33.0 31.8 31.1 31.9 32.1
in weeks
Overall perinatal mortality 17 % 18 % 18 % 10 % 7%
Fetal demise 1% 13% 13% 0% 7%
Neonatal mortality 7% 5% 6% 10 % 0%
Severe cerebral injury 5% 3% 1% 10 % 0%
Severe neonatal morbidity 31% 31% 46 % 49 % 25%
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Table 4: Fetal surgical management options in twin reversed arterial
perfusion sequence (TRAP).

Fetoscopic procedure Ultrasound-guided procedure

Laser coagulation of placental
anastomoses
Laser coagulation of the TRAP twin’s Radiofrequency or microwave
umbilical cord ablation

Cord clamping through bipolar umbilical cord coagulation

Intrafetal (interstitial) laser

the interstitial laser group [67]. Due to the higher compli-
cation rates, fetoscopic procedures are now less commonly
used in TRAP.

The procedure of intrafetal laser (Figure 8) involves
inserting an 18-gauge needle through the maternal abdom-
inal wall into the amniotic cavity under ultrasound guid-
ance, after local anaesthetic has been administered. The
needle is positioned directly into the parasitic co-twin at the
level of umbilical cord insertion in the pelvic region. A laser
fiber is then passed through the needle to coagulate the
abnormal blood supply. The thin laser fiber allows precise
control of the ablation zone, which is particularly advanta-
geous at earlier gestational ages. The laser energy ablates the
blood supply to the acardiac twin, with successful occlusion
subsequently confirmed by color Doppler ultrasound [8,
9, 59].

Outcomes and complications of intrafetal
laser therapy for twin reversed arterial
perfusion sequence

Fetal interventions significantly reduce mortality rates, with
recent research supporting therapeutic intervention as early
as the first trimester [8, 59, 62] before the development of
cardiac compromise in the pump twin can occur. This is
further evidenced by a German study from 2020, which
documented a 92 % survival rate of pump twins following
first-trimester intervention [9]. However, other studies
report significantly lower survival rates, such as the series
by Roethlisberger et al. with a survival rate of 58 % [60].
Moreover, there seems to be an improvement over time due
to the learning curve [68]. A meta-analysis from 2022 found
an overall survival rate of 79 % following TRAP laser ther-
apy, regardless of gestational age at intervention [69].

If pump twin demise occurs, it typically happens within
a median of 72 h post-procedure [60]. If the pump twin sur-
vives the initial period after the procedure, many authors
describe excellent outcomes, with healthy children and no
relevant complications [9, 60]. There are no reports of

DE GRUYTER

abnormal neurological outcomes after interstitial laser
therapy [67], whereas such cases have been described in
conservatively managed pregnancies without intervention.
The risk of preterm birth following intrafetal laser therapy
appears to be low. Chaveeva reported that earlier in-
terventions were associated with a lower risk of preterm
birth [8]. Tavares and Roethlisberger observed no preterm
births in their TRAP laser cohorts [9, 60], whereas Pagani
et al. reported a rate of 10 % [59]. In monochorionic mono-
amniotic twins with TRAP, there is a risk that after laser
treatment, the umbilical cord of the acardiac twin may
become rigid and constrict the umbilical cord of the pump
twin, potentially leading to pump twin demise. Fetoscopic
transection of the typically short acardiac umbilical cord can
be considered, though it carries significant risks [70].
Another complication is the interruption of the laser pro-
cedure. Pagani et al. reported that in three patients the
procedure was stopped to avoid excessive use of laser energy
and thus reduce the risk of aplasia cutis congenita, a
complication previously described in laser ablation for em-
bryo reduction. The repeat procedures were successful [59].

Bronchopulmonary sequestration

When an abnormal solid lung region, disconnected from the
bronchial system, is supplied by a systemic arterial vessel,
typically arising from the thoracoabdominal aorta, it is
referred to as bronchopulmonary sequestration (BPS) [71]
(Figure 9A). The natural history is variable. A large single-
center study reported that approximately 70 % of fetuses
with BPS did not develop hydrops, allowing for conservative
management with favorable outcomes [72]. However,
particularly with large lesions, there is a risk of hydrops. A
possible cause for hydrops development under discussion is
mediastinal shift, leading to compression of the systemic
veins, increased central venous pressure, reduced cardiac
output, and the subsequent development of hydrops [73]. In
severe cases, this can result in intrauterine death if inter-
vention is not undertaken.

Emerging evidence suggests that laser ablation of the
feeding vessel is the most effective therapy BPS complicated
by hydrops. This procedure involves using interstitial laser
to occlude the systemic arterial vessel supplying the
sequestered lung tissue [10-12, 72, 74]. Historically, alterna-
tive approaches included thoraco-amniotic shunt placement
or serial thoracocentesis for associated pleural effusions [72,
75, 76]. However, the limited studies available to date indi-
cate that interstitial laser therapy is more effective and
carries lower risks compared to shunt insertion [10, 72].
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Figure 8: Intrafetal laser therapy performed in the first trimester (A) procedural setup. (B) Ultrasound-guided insertion of an 18-gauge needle into the
parasitic twin at the level of the pelvic region, targeting its vascularization. (C) Laser fiber insertion through the needle for coagulation of the vessel,

resulting in complete occlusion.

The laser procedure is performed as an intrafetal
intervention, similar to the technique used in TRAP
sequence. Following local anesthesia, an 18-gauge needle is
guided under ultrasound visualization to the feeding vessel
of the sequestration, where laser energy is applied to coag-
ulate the vessel (Figure 9B) [10, 72, 77]. Critical to procedural
success is avoiding puncture of other fetal organs, including
healthy lung tissue, and applying only short laser pulses to
prevent collateral damage. Gottschalk and colleagues re-
ported that approximately 42 % of cases required a second
intervention [11], highlighting the technical challenges of
achieving complete vascular occlusion in a single procedure.

The success of laser intervention can be evaluated pre-
natally through ultrasound assessment, primarily by con-
firming the absence of blood flow in the feeding vessel and
observing regression of hydrops. In one of the larger patient
cohorts comprising 15 patients with BPS complicated by
hydrops or hydrothorax, these conditions resolved at

Figure 9: Ultrasound images depicting
bronchopulmonary sequestration and its
management. (A) Transverse thoracic view
showing bronchopulmonary sequestration
with aortic perfusion and fetal hydrops. (B)
Intrafetal laser coagulation of the feeding
vessel using a laser fiber inserted through an
18-gauge needle under ultrasound guidance.
Courtesy of Prof. Dr. Ingo Gottschalk.

median intervals of 7.5 days for hydrops and 21 days for
hydrothorax following interstitial laser therapy [78]. Addi-
tionally, lung volume typically normalizes approximately
10 weeks post-intervention [78].

Outcomes and complications of intrafetal
laser therapy for bronchopulmonary
sequestration

Clinical experience with intrafetal laser for hydropic BPS
suggests that, when performed by experienced fetal sur-
geons, it carries relatively low risks. The majority of fetuses
(>95 %) reported in published cohorts survived to live birth,
with preterm birth rates ranging from 0 to 14 % [10, 72, 77,
78]. Notably, there have been no reported cases of intra-
uterine death, placental abruption, PPROM, significant
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bleeding, or requirement for tocolysis in the largest pub-
lished series [77]. However, these favorable outcomes may
partially reflect publication bias, with a tendency toward
reporting predominantly positive results. Additionally, pa-
tient selection in fetal therapy centers likely favored cases
with optimal technical conditions for the procedure,
including suitable access routes and clear visualization of
the feeding vessel. The long-term benefit of prenatal laser
therapy for BPS is further demonstrated by the reduced need
for postnatal surgical intervention. Only 0-24 % of prena-
tally laser-treated fetuses required postnatal surgery for
sequestrectomy [10, 11, 72, 77, 78], which is significantly
lower than reported rates following alternative in-
terventions such as shunt placement [72]. Long-term
outcome data on fetuses after successful prenatal intersti-
tial laser therapy for BPS are not available.

Lower urinary tract obstruction

Laser therapy can also be used in combination with cystos-
copy, which has been proposed for singletons with lower
urinary tract obstruction (LUTO) due to posterior urethral
valves as an alternative to vesicoamniotic shunting to pre-
vent pulmonary hypoplasia and severe renal impairment
[13]. Current indications for fetal cystoscopy are a massively
enlarged urinary bladder and keyhole sign, bilateral
hydronephrosis, severe oligohydramnios or anhydramnios
(Figure 10). The procedure is performed under continuous
ultrasound guidance, maternal epidural or local anesthesia
and fetal anesthesia. A curved sheath and a 1.0-1.3mm
fetoscope are inserted percutaneously into the fetal bladder.
If posterior urethral valves are present they are ablated
using guidewires, hydroablation, or an ND:YAG/diode laser.
The optimal technical approach has yet to be determined.
However, fetal cystoscopic laser dilatation of the valves
would be safely indicated and performed only if adequate
visualization of the obstruction is observed. Otherwise,
urethral trauma or urethrorectal fistulas may occur as
complications of laser therapy. Vinit et al. examined the
long-term survival, nephrological, and urological outcomes
of children treated prenatally for LUTO using fetal cystos-
copy (n=23) or vesicoamniotic shunting (n=25) [79]. There
was no difference between cystoscopy and shunting in terms
of survival (92 vs. 83 %, p=1), complication rate (74 vs. 92 %,
p=0.88), or chronic kidney disease (58 vs. 50 %, p=1). The
authors concluded, despite overly optimistic reports on
cystoscopy, its reproducibility is limited due to inadequate
visualization of the posterior urethra and suboptimal
instrumentation. Flexible fetal video cystoscopy may help
overcome these technical challenges [80].

DE GRUYTER

Figure 10: Sagittal view of a fetus with an enlarged bladder due to lower
urinary tract obstruction (LUTO) caused by posterior urethral valves.

Other fetal malformations

Laser therapy can also be offered as an individualized
treatment approach for various other fetal and placental
conditions with significant vascularization. For example,
interstitial laser ablation may be offered as a treatment op-
tion in cases of decompensated sacrococcygeal teratomas
(Figure 11) with large extracorporeal components and
identifiable feeding vessels [14, 81, 82]. Large placental cho-
rioangiomas associated with hyperdynamic circulation can
also be treated by coagulation of their feeding vessels using
either interstitial or fetoscopic laser techniques [83-85].
However, these laser applications often require multiple
treatment sessions due to the high degree of vascularization
and frequent development of collateral vessels. Overall, this
is not a standard but an experimental therapy with a
generally poor prognosis.

Figure 11: Sagittal view of a fetus with a sacrococcygeal teratoma
demonstrating a feeding vessel suitable for laser ablation.
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Summary and outlook

The use of laser therapy in fetal medicine has significantly
improved the prognosis in selected cases. The strength of
evidence supporting these interventions varies: Fetoscopic
laser coagulation for TTTS is the most common fetal surgery
procedure, supported by high-quality evidence from ran-
domized controlled trials. In contrast, management of TAPS
and TRAP is based on moderate-quality evidence from
cohort studies, while laser therapy for BPS has shown sig-
nificant clinical benefit despite limited evidence. Although
laser therapy has shown promising results, challenges
remain, including procedural risks, operator expertise, and
access to specialized centers. The future of laser therapy in
fetal medicine lies in advances such as enhanced imaging
modalities, integration of artificial intelligence, and robotic-
assisted procedures to improve precision and safety. Further
randomized trials, international collaborations, and registry
development are essential to increase sample sizes, improve
statistical power, and establish standardized protocols with
long-term follow-up. In conclusion, laser therapy remains a
cornerstone of modern fetal interventions, offering hope for
improved perinatal outcomes in complex prenatal
conditions.
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