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Résumé

Thérapie feetale au laser: nouvelles applications
dans la prise en charge des pathologies foetales

Le traitement au laser par faetoscopie est utilisé pour la coagulation d’anastomoses
artério-veineuses dans le cadre de syndrome transfuseur-transfusé. Actuellement,
certaines malformations peuvent étre une indication a ce traitement comme le
syndrome des bandes amniotiques, le choriangiome, I'obstruction de l'urétre, le kyste
sacro-coccygien et les masses pulmonaires. Ces pathologies peuvent étre |étales sans
intervention et ce traitement, encore expérimental, pourrait étre proposé dans ces cas.

Il s’agit d'une méta-analyse et revue systématique de la littérature a l'aide de
« PubMed », « Medline » et « Web of Science » dans laquelle nous avons recensé tous
les cas publiés de traitement par laser durant la période foetale depuis 1980. Cing
groupes de pathologie peuvent bénéficier de ce traitement et sont décrits séparément.

Le syndrome des bandes amniotiques peut engendrer une amputation du membre
atteint par compression induisant une ischémie ou un déces fcetal si cette bande atteint
le cordon ombilical.

De larges choriangiomes, tératomes sacrococcygiens ou masses pulmonaires peuvent
mener a un hydrops feetal par compression ou « vol vasculaire » menant dans les cas
les plus séveres a la perte fcetale.

Des valves de l'urétre postérieur créent une obstruction induisant une mégavessie avec
des répercussions rénales ainsi gu'une hypoplasie pulmonaire.

Le pronostic de ces différentes pathologies peut étre fatal et les options thérapeutiques
sont limitées. Dans certains cas, la thérapie au laser par foetoscopie peut changer ce
pronostic.

Encore expérimentale, cette technique montre des résultats prometteurs. Le taux de
réussite et le taux de survie dans les différentes catégories est encore perfectible.
L'amélioration devra se faire aussi bien au niveau de l'indication opératoire et de la
sélection des cas, de la technique et du matériel que de I'expérience des opérateurs.
Cette technique peut offrir un espoir de survie pour des feoetus trés certainement
condamneés. Cette étude est basée essentiellement sur des petites séries de cas ou de
cas unique, les résultats doivent donc étre analysés avec prudence car des biais de
report ou au niveau des investigateurs ne peuvent pas étre exclus.

La prise en charge de tels cas doit se faire dans un centre de référence, la décision
d’intervenir devrait étre multidisciplinaire et les parents bien informés du pronostic.
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ABSTRACT

Fetoscopic coagulation of placental anastomoses is the treatment of choice for severe twin-to-twin transfusion
syndrome. In the present day, fetal laser therapy is also used to treat amniotic bands, chorioangiomas, sacrococcygeal
teratomas, lower urinary tract obstructions and chest masses, all of which will be reviewed in this article. Amniotic
band syndrome can cause limb amputation by impairing downstream blood flow. Large chorioangiomas (>4 cm),
sacrococcygeal teratomas or fetal hyperechoic lung lesions can lead to fetal compromise and hydrops by vascular steal
phenomenon or compression. Renal damage, bladder dysfunction and lastly death because of pulmonary hypolasia
may be the result of megacystis caused by a posterior urethral valve. The prognosis of these pathologies can be dismal,
and therapy options are limited, which has brought fetal laser therapy to the forefront. Management options
discussed here are laser release of amniotic bands, laser coagulation of the placental or fetal tumor feeding vessels
and laser therapy by fetal cystoscopy. This review, largely based on case reports, does not intend to provide a level
of evidence supporting laser therapy over other treatment options. Centralized evaluation by specialists using strict
selection criteria and long-term follow-up of these rare cases are now needed to prove the value of endoscopic or

ultrasound-guided laser therapy. © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION

Prenatal ultrasound studies now enable the early detection of
fetal anomalies. Because prognosis may be poor in some severe
malformations complicated by hydrops or alteration of fetal
blood supply, fetoscopic laser therapies have been described
as a treatment option. Fetal laser therapy was first used in
complicated monochorionic pregnancies," such as twin-to-
twin transfusion syndrome (TTTS) or twin reversed arterial
perfusion (TRAP) sequence. In this article, we review other
potential indications for fetal laser therapy, such as amniotic
band syndrome (ABS), chorioangiomas, lower urinary tract
obstructions (LUTOs), sacrococcygeal teratomas (SCTs) and
chest masses. Fetoscopic laser therapy for selective termination
in monochorionic pregnancies*® and TRAP"™'° sequence have
recently been reviewed and will not be discussed here.

METHODS

We performed a systematic literature search to find all articles
included in this review. Relevant articles were identified using
electronic databases (PubMed, Medline and Web of Science).
Searches were limited to articles written in the English
language from 1980 to October 2014. All primary articles and
reviews were examined to search for additional references.

Prenatal Diagnosis 2015, 35, 1-13

After reviewing all articles, cases reported only as an abstract
were excluded. The following terms representing fetal
conditions were used (‘identification’ part): ‘amniotic band’,
‘chorioangiomas’ and ‘SCTs’. When reviewing the urinary tract
chapter, the terms ‘low urinary tract obstruction’, ‘urethral
valves’, ‘megacystis’ and ‘ureterocele’ were used. When
reviewing the fetal lung mass chapter, the terms ‘congenital
cystic adenomatoid malformation’, ‘bronchopulmonary
sequestration’, ‘lung mass’ and ‘lung tumor’ were used. The
following terms were added for possible treatment described
in this review (‘screening’ part): ‘fetal laser’, ‘fetal therapy’,
‘in utero treatment’ and ‘prenatal intervention’. Flowcharts
for each condition are available as supplementary figures.

Studies exploring the combination of a medical condition
and its treatment were considered suitable for inclusion. Two
authors JM and DB) reviewed all abstracts independently.
Agreement about potential relevance was reached by
consensus with LR, and full text copies of those articles were
obtained. Two reviewers JM and DB) extracted relevant data
regarding study characteristics and pregnancy outcomes.
Inconsistencies were discussed by all authors, and consensus
was reached. The assessment of the potential publication bias
was problematic because of scarce number of studies and
sparse events.

© 2015 John Wiley & Sons, lid.
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RESULTS

Incidence, pathophysiology, prenatal and postnatal natural history
of fetal conditions as well as the aims, indications and alternatives
to fetal laser therapy have been summarized in Table 1.

Amniotic band syndrome

Distal edema and venous or arterial blood flow obstruction are
best evaluated by ultrasound and Doppler studies. Weekly
monitoring by Doppler studies had been proposed by Richter
et al, allowing a comparison of the affected limb with the
controlateral side as a control'*'? Although cases of
spontaneous resolution have been described,'*™* early
prenatal diagnosis of severe cases may benefit from in uterolysis
of the bands, restoring blood flow to the affected limb (Figure 1).

Initial studies performed on lambs demonstrated that early
release of amniotic bands allowed for recovery of the limb’s
structure and function after fetoscopic laser therapy.'®!'” In
1997, Quintero et al. successfully attempted the first human
amniotic band release using laser therapy [yttrium aluminum
garnet (YAG)] under fetoscopic and ultrasound guidance at
23weeks of gestation. Intraoperative bleeding complicated
the fetoscopic approach, resulting in an incomplete release of
the limb, but functionality was successfully restored'® (Table
1). Peiro et al. reported a case of fetal therapy of ABS of the
umbilical cord,'® diagnosed during a limb amniotic band
fetoscopic procedure at 21 weeks. Z-plasty was performed in
the postnatal period, and thus, full function of the limb was
present at 9 months.'?

To date, 19 in utero treatments of ABS have been reported in
the literature'®'#'>!"27 (Table 2), 13 using laser therapy,'*'" > 4
using scissors'>'®?* and 2 via blunt dissection.”> All laser
procedures were performed between 19 and 23 weeks using YAG
laser (except 1 case with a diode laser at 25-watt power'?).
Unfortunately, the energy required to section the amniotic band
was never described. A unique uterine entry was feasible in 8
cases, whereas 3 cases required two ports: 1 case was assisted by
maternal laparoscopy and the other case by maternal laparotomy.
Partial laser section of the ABS was feasible in all cases; however,
complete release was only achieved in 6 cases.'”

All but 422527 Jaser procedures (69%) were complicated by
premature preterm rupture of membrane (PPROM). PPROM
occurred within 24-hour post-procedure for 2 cases,'”'® and
within a mean of 5weeks following the other cases (ranging
0.4-9weeks). All women delivered preterm between 6 and
13 weeks post-laser procedure (mean 10 weeks).

After laser treatment, seven of 11 cases (64%) had fully
functional limbs,'?'"2%2627 | case had limited range of motion?°
and 3 cases resulted in a limb amputation despite in utero
treatment.”® In ABS treated with other in utero approaches,
amniotic bands were sectioned with scissors in 3 cases. One case
was complicated by radial paresis of the left arm'®, whereas
another had a fully functional limb.?* The last case resulted in a
fully functional leg despite failure of the surgical procedure.'®

Limbs that have undergone fetoscopic release appear grossly
normal even though histological changes can persist, including
venous and lymphatic congestion.'® After birth, most cases
required Z-plasty to restore the aesthetic aspect with
acceptable results,'%17-19:26:27

Prenatal Diagnosis 2015, 35, 1-13

Pseudo-ABS is an iatrogenic complication following an
invasive procedure, namely amniocentesis, amnioreduction,
fetoscopy or septostomy in twins.?**® To our knowledge,
fetoscopic release of pseudo-ABS has never been described.

Fetoscopic laser treatment may be considered when blood
flow is impaired although still present.'? Patients, however,
should be informed that (1) ABS is a non-lethal condition in most
cases; (2) prenatal intervention carries significant fetal morbidity
mainly linked to the consequences of PPROM and preterm birth,
with possible mortality; (3) in utero treatment does not
guarantee functionality and (4) absence of prenatal treatment
might also result in full functionality. The risk/benefit balance
between in utero and postnatal treatment should be discussed
together with plastic and orthopedic surgeons.

Chorioangioma
Details regarding placental chorioangiomas
other than laser therapy*>™° are described in Table 1.

Bhide et al. described the first case of interstitial laser
therapy performed in a 23-week pregnant woman presenting
with a large chorioangioma.*® Quarello et al. described the first
fetoscopic assisted laser coagulation of a chorioangioma.*’

To date, 12 large chorioangiomas have been treated with laser
therapy between 24 and 32weeks of gestation (Table 3).
Interstitial (4 cases*®™%) or superficial (fetoscopic guided or
ultrasound-guided*”49-5%)
laser was used in 6 cases, with a power range between 20 and
40W. All cases but one*® were complicated by polyhydramnios,
and amniodrainage was performed in 6 of those cases. Two
cases’®* required a second procedure within 10 days after the
first fetoscopic laser therapy. Among the 12 fetuses with large
chorioangiomas treated with fetoscopic laser therapy, 9 (75%)
fetuses were live born (including one monochorionic twin
pregnancy with fetal demise of one twin) of which one fetus died
within a year after birth because of chronic renal insufficiency.*’

Indication for prenatal intervention should only be discussed
in cases with high-output failure (Table 1). The results of
treating symptomatic giant chorioangiomas are similar for all
approaches (arrest or reduction of blood supply). The choice
of technique should be based on (1) the location of the placenta
and the chorioangioma, (2) the accessibility of the tumor and
feeding vessel by fetoscopy or by ultrasound guided techniques,
(3) the diameter of this vessel and (4) the experience of the fetal
therapy center. Definitive treatment can be achieved using
endoscopic laser therapy by coagulation of the feeding vessel.
This may be complicated by bleeding, exanguination or demise
of the fetus. An uneventful perinatal outcome should be

30-52 and treatments

laser techniques were used. A YAG

expected in cases of successful coagulation.

Lower urinary tract obstruction

Fetal interventions have been suggested for the treatment of
severe congenital LUTO>™® but should only be discussed
and offered to selected cases as described in Table 4.

The effectiveness of vesico-amniotic shunting (VAS) as a
treatment for LUTO was tested in the percutaneous shunting
in lower urinary tract obstruction (PLUTO) randomized control
trial.>® Because of poor recruitment, however, effectiveness
remains uncertain. Among survivors, renal function remains

© 2015 John Wiley & Sons, lid.
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Figure 1 (Amniotic band syndrome): Picture illustrating placement of the laser fiber for the fetal treatment of an amniotic band syndrome

poor irrespective of whether VAS was performed or not,*® as
suggested in previous studies.’® A recently published retro-
spective single center study, however, demonstrated that VAS
may still be a valid treatment option in adequately selected
cases.”® Complications of VAS include shunt blockage,
migration, dislocation and iatrogenic gastroschisis.’”*°

The use of fetal cystoscopy in diagnosis and treatment
of posterior urethral valves (PUV) has recently been pro-
posed.>®5'7%3 This procedure may have significant advantages
over VAS because it (1) allows visualization of the posterior
urethra and may differentiate between PUV and urethral
atresia, (2) avoids frequent re-interventions that are often
necessary because of shunt dislocations, (3) may have the
potential to allow a more physiological release of the obstruc-
tion and drainage and (4) negates the need of amnioinfusion
prior to the procedure.’®%

Fetal cystoscopy therapy has shown promising results for the
treatment of PUV.!0%66L6467 T4 date, 52 reported fetal
cystoscopies have been performed,>®%'7655874 26 of them
using cystoscopic laser fulguration®**%"" and 9 using other
methods (reviewed in Ruano,*® specifically 1 monopolar
fulguration,”* 1 urethral probing,”® 4 guide wires and 4
hydroablations®!). Sananes et al. recently reviewed the
technical aspects and complications of PUV cystoscopic laser
fulguration from three different fetal centers.®! The procedure
seems to be optimal (Figure 2) (1) under maternal epidural or
local anaesthesia, (2) with fetal immobilization and
anaesthesia, (3) using a 1.0-mm fetoscope with a 2.2-mm
custom curved sheath and (4) with a 400-pm (before 20 weeks)
or 600-um (after 20 weeks) contact laser fiber. The diagnosis of
PUV is confirmed if a membrane-like obstruction of the
urethra is seen through which saline can be injected.”®®® The
PUV can be fulgurated by pulsed laser bursts using the lowest
power setting (maximal setting of 30 W and 100] with a YAG
laser).?! Urethral patency is confirmed when the bladder is

Prenatal Diagnosis 2015, 35, 1-13

found to be empty and by visualizing a urinary stream through
the urethra on Doppler ultrasonography.

Formation of a urological fistula appeared to be the main
adverse complication following cystoscopic laser fulguration
of PUV. This complication was observed more frequently in
cases with a higher gestational age at time of surgery, non-
immobilized fetuses, absence of ‘keyhole’ sign and use of
semi-curved instruments, the Diode laser or elevated laser
power and energy settings.! The authors highlight that
cystoscopic laser fulguration of PUV is technically more
complex than VAS, requiring specific fetoscopic instruments,
skills and the assistance of a pediatric urologist.5!

When considering all 26 cases treated by fetal cystoscopic
laser fulguration,®®7 a total of 16 infants survived (62%),
among them, 14 (88%) had a normal renal function. In
comparison, the PLUTO trial reported only 2/12 (17%) and
0/12 (0%) live births with normal renal function at 2 years of
life after VAS and conservative management respectively.>
Despite poor data exist on 2 years or long-term follow-up after
cystoscopic laser fulguration of PUV, further studies are
needed to demonstrate the benefit of this treatment option.

Two additional causes of megacystis have literature
documenting treatment with laser fulguration, that is, anterior
urethral valves” and ureterocele.” Sago et al. performed a fetal
urethrotomy by laser for anterior urethral valves diagnosed at
17weeks of gestation (YAG laser under a 1-mm fetoscope).”
Despite technical success, chorioamnionitis and subsequent
intrauterine fetal death were observed on day 3. Soothill et al.
successfully treated a 28-week female fetus suffering from a
ureterocele associated with bilateral hydronephrosis and distended
bladder (using a 400-p laser fiber through a 19 gauge needle under
ultrasound guidance).”® After delivery at 38 weeks, the kidneys
showed minor dilation and the renal function was normal.

In conclusion, ‘urologic’ fetal laser therapy is feasible and
can be used for treatment of megacystis because of posterior

© 2015 John Wiley & Sons, lid.
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Fetal laser therapy in singletons

= = ~ or anterior urethral valves or a large ureterocele. Despite
g g 2 . promising early results, however, further experience will be
%§ L 2 _%fg % _§ required to evaluate the therapeutic value of this procedure
W e &« in the management of LUTO. Intraoperatively, if cystoscopy
fails to show the presence of a urethral valve, VAS can still be
?9) 2 E 2 < performfzd through the sar'nesgrocar. Consi.dering the lack .of
& |3 results in the PLUTO trial,”™ a randomized control trial
comparing the various available therapies should be
conducted. The PLUTO trial was not completed essentially
o g lo = ® because of recruitment challenges for the placebo arm.
z > |2 $ < Comparing two therapies (VAS vs fetal cystoscopic laser
therapy) may improve recruitment.
Sacrococcygeo| teratoma
9 § 9 9 9 Most S.CTS77a7r: ben.ign,' slow-growing tumors afld rese.ctable
S after birth.””"® A minority of SCTs are fast-growing, solid and
highly vascularized teratomas, which can lead to several
complications such as tumor rupture, hemorrhage, high
cardiac output failure, hydrops and even fetal demise.”®"®
2 9|9 3 2 Mortality rates have been described as high as 25 to 37%2°
but can be much higher when hydrops occurs.””
Once the fetus is viable, premature delivery and postnatal
surgery are preferred to avoid intra-uterine death in cases
s IEH s 5 S © of fetal decompensation, thus allowing a survival rate of
é Tg é g Tg g nearly 50%.%!%2 Prior to fetal viability, the management of
= = = = 5 hydropic SCTs is more challenging and controversial.?*%*
> % Without any treatment, intrauterine fetal demise occurs
o) 2 almost invariably®*®® and mirror syndrome might compro-
% (_; -Fg mise maternal health 2587
© S © Open fetal ablative surgeries have been attempted to prevent
% §° 3 fetal demise,”®%-9° thus improving fetal survival rate.®® Surgery,
. ii {? é % however, is associated with major fetal and maternal risks such
c B |8 5 = < -3 as preterm rupture of membranes, preterm delivery, uterine
45 _% § g % % 8 scarring, hemorrhage or infection.?® In order to reduce these
© &[0 = > E E complications, devascularization of the tumor using minimally
. aé % invasive procedures such as thermocoagulation,”® radio-
ERe E < 5 frequency ablation,”? histoacryl embolization,?*** coiling®* and
;i ° g § ‘i g alcohol sclerosis® has been described by several authors. Van
2 9 = S 2 Mieghem et al. systematically reviewed the literature regarding
< ;ﬂ- 0 h 1S % these therapeutic options for fetuses suffering from SCTs and
é N 9 “‘g i\ ;‘; g E presenting cardiovascular compromise prior to fetal .v1ab1hty.84
T N A ‘g g Z E_i :c_“__’ Thirty-four SCT cases undergoing minimally invasive proce-
§ 3 g 3 i: E § ; dures have been identified. These invasive procedures intend
;% T3 E é to interrupt blood flow and arrest tumor growth, thus reversing
5 ,g i‘i g g cardiac failure and preventing further development of fetal
% <Z§ _é 5 % anen;;%f:ﬁgnong them, 10 cases were performed with laser
S ¢ |3 g Z ©6 5o energy®* (Figure 3).
é § § = g gi % %) T; %j Hecher et al. reported the first SCT treatment using
X X |X 2 3 8°%28 fetoscopic laser coagulation.”® In contrast to this, first case
8 8|9 2 3 8% here superficial fetoscopic laser coagulation was used in a
i: é S : ° ‘I/lvon hydrgpic fetus,” allp9 other SCT cases were hydropic
2275 )
g g s 2 §cgge and 8 were treated using interstitial laser.?*°*97 Two of these
©) > L o0 O E £ . .
é 2}(\7 3 . = :.z 8_ 3 % gg = eight cases were performed after unsuccesssﬁugl7 coiling
= 5 g % -§ = ?é i 8% a2 attempts.?* PPROM occurred in at least 2 cases,®*” and all
o = % § & g g <3 5 5 g5 patients delivered before 32weeks of gestation. Intra-uterine
4; ?DJ g _E T §' e g _é g —% £ g and neonatal deaths occurred respectively in 4 and 2 of the
< _§ = —é 3 —§ E <9 : %‘ég 10 SCT cases treated with laser coagulation, consequently
- BT S w8 28Lfzs8 leading to survival of 4 infants overall (40%).
Prenatal Diagnosis 2015, 35, 1-13 © 2015 John Wiley & Sons, ltd.
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Table 4 Lower urinary tract obstruction: Outcomes of fetuses treated in utero for lower urinary tract obstruction by cystoscopic laser

photocoagulation

Number of cases treated

Complications

Normq| renq| funcﬁon

References with laser GA at laser surgery (weeks)  Alive at birth (in alive newborn) in alive newborn)
Quintero ef al. (2000)%© 1 26 1/1 1/1 No
Holmes et al. (2001)*7 2 22-25 1/2 1/1 No
Ruano ef al. (2010)73 7 10-22 5/7 5/5 No
Ruano ef al. (2011)%° 3 16 2/3 2/2 No
Sananes et al. [2014)°" 13° 18-26 7/13 5/7 One urological fistula

“Twenty three cases described in this study, but 10 cases already described in the two studies from Ruano.

Figure 2 (Megacystis): Picture illustrating placement of the laser fiber for the fetal treatment of posterior urethral valves (PUV)

Both minimally invasive and open fetal surgeries remain
controversial®*®* None of the interventions are free from
procedure-related complications such as death, PPROM and
preterm birth delivery.”” The large amount of necrotic tissue left
in utero after vascular ablation may be responsible for the high rate
of preterm birth despite technical success.”® Fetal therapy should
only be discussed in cases with hydropic SCT before viability.

Further reports will be needed to address which therapeutic
option improves fetal outcome.

Fetal hyperechoic lung lesions

The most common echogenic fetal lung malformations are
broncho-pulmonary sequestration (BPS), congenital pulmonary
airway malformation (CPAM) or ‘hybrid’ lesions that contain

Prenatal Diagnosis 2015, 35, 1-13

features of both BPS and CPAM, congenital high airway
obstruction syndrome (CHAOS) and bronchial atresia
(BA).”%1% Note that CHAOS cases that are not eligible for
in utero laser therapy should benefit from ex utero
intrapartum treatment (EXIT) procedures.'®!

BPS is a non-functioning pulmonary mass vascularized by
systemic circulation. In contrast, most cases of CPAM depend
on the pulmonary blood supply. The differential diagnosis of
these two benign lung masses is usually based on the
identification of the feeding vessel using color Doppler
ultrasonography.?®1%%192193 The prognosis of these congenital
lung lesions is usually good, except if complicated by hydrops
fetalis with a mortality rate close to 100%.%%10%104-197 Several
prenatal interventions have been described (extensively
reviewed in Witlox et al. and Khalek and Johnson ?%'%),

© 2015 John Wiley & Sons, lid.
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Fetal laser therapy in singletons

Figure 3 (Saccrococcygeal teratoma): Picture illustrating placement of the laser fiber for the fetal treatment of a saccrococcygeal teratoma

108,109 90,100

including steroids treatment,
thoracoamniotic shunting for large cystic lesions
occlusion of the vascular supply of the lung mass.'®”'! The
latter can be achieved under ultrasound guidance either by
injection of a sclerosing agent,''?"''* coiling,'°” radiofrequency
ablation'%” or laser ablation'!" to treat massive CPAM.

open fetal surgery,
10 a5 well as

Mixed results were obtained in cases with open fetal
surgery as there was a high risk of premature labor as
well as consequences for future pregnancies.®® Regarding
minimally invasive fetal interventions, ultrasound-guided
laser therapy seems to be the most promising approach.'®”*''To
To date, a total of 25 hydropic fetuses with lung masses have
undergone percutaneous laser ablation (17 BPS and 8
CPAM),%8104107211L1I5-12L (reviewed by Ruano et al'''). Fetal
procedures were best performed under fetal anesthesia (fentanyl
15ug/kg) and paralysis (pancuronium 2mg/kg) by either
umbilical vein or intramuscular injection. In all cases, a 400
or 600-um laser fiber was passed through the lumen of an
18G-needle and the coagulation was performed with a Nd:
YAG laser (15-50 W). In fetuses with BPS, a ‘vascular ablation’
was carried out with a laser fiber placed almost in contact with
the abnormal ‘feeding vessel’ identified by color flow Doppler.
The procedure is complete once blood flow through the
feeding vessel has stopped.’®”!''8 In fetuses with micro-
cystic CPAM, an interstitial ablation is performed after the
insertion of the tip of the needle and the laser fiber into
the fetal lung lesion. Both are then slowly withdrawn, while
the tumor is being photocoagulated from the distal to the
proximal border. Several passages may be necessary to obtain
areduction in vascular flow by Doppler analysis.''"'1¢17 The
procedure ends when a distinct ‘echogenic area’ is noted.

Prenatal Diagnosis 2015, 35, 1-13

Overall (Table 5), median gestational age at the time of the
laser procedure was 25 weeks (ranging 19-32). Thoracoamniotic
shunting was used in 3 cases,'®”'?! which may have had a
beneficial adjuvant effect. Persistence or reoccurrence of tumor
blood flow occurred in 13 (52%) cases'®+!11115116:119.121
second intervention was needed in 7 (28%) cases an average of
5weeks (ranging 1-12) after the first laser. There were 3 (12%)
fetal deaths,''"''® 4 (16%) neonatal deaths®®'°*!'! and 18
(72%) live births. Survival rate was better for BPS (16/17, 94%)
compared with CPAM (2/8, 25%, p=0.001), which indicates that
vascular laser ablation may be more effective than interstitial
laser ablation.''* Moreover, interstitial laser therapy may have
increased potential for harm in fetuses with CPAM because
collateral damage in a hydropic fetus is difficult to control.
Placing a laser fiber into the hilar area of the lung and then
slowly withdrawing it in a non-lobar, non-anatomic fashion
might damage critical structures such as non-involved lobar
vessels, bronchi or the phrenic nerve with significant secondary
neonatal morbidity. This may suggest that other options, such
as steroid treatment currently showing promise in the literature,
should be considered in cases of hydropic CPAM.'**'22

The mean gestational age at delivery was 37.1 weeks (ranging
29-41) for all live births after laser therapy for lung masses
(including neonatal deaths). Postnatal surgery (lobectomy or
sequestrectomy) was reported in 10 infants (10/17, 59%). No
maternal complications have been reported in the literature.

Fetal bronchoscopy associated with laser therapy has
recently been described for the treatment of CHAOS,'*
BA'?* and CPAM associated with BA.'?® In CHAOS,'?® one
procedure was performed at 21.6 weeks of gestation under
general maternofetal anaesthesia. Fetal laryngoscopy using a

,and a

© 2015 John Wiley & Sons, ltd.
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2-mm fetoscope confirmed laryngeal atresia and tracheal
decompression was achieved by Nd: YAG laser vaporization.'?
Delivery by EXIT procedure was indicated at 31.1weeks of
gestation because of preeclampsia. After discharge from the
hospital at four months of age, CPAP was the only necessary
treatment. Similar procedures were performed under epidural
anaesthesia in the cases of a BA'?* and a hydropic CPAM,'® at
27 and 30weeks of gestation respectively. The bronchial
membranes were perforated with the laser fiber at a power
setting of 10W via fetal bronchoscopy.'?*'?*> Both fetuses were
born at term. Only one required an inferior lobectomy.'?*

In conclusion, laser therapy seems to be a promising option
to occlude the vascular supply of a hydropic BPS or to restore
tracheobronchic airways in cases of obstruction/atresia. In
hydropic CPAM, steroid treatment should always be attempted
before any invasive procedure. The only indications for which
laser therapy should be discussed are lung masses with
associated high-output failure. Further research is needed to
optimize these approaches, and parents should be informed
of the experimental nature of these treatments.

DISCUSSION

Amniotic band syndrome, chorioangiomas, low urinary tract
obstructions, SCTs and chest masses are rare diseases. A
minority of cases can evolve to severe fetal and neonatal
complications. In this article, we reviewed minimally invasive
laser techniques to reverse these pathologies, either by using
fetoscopic or ultrasound-guided approaches.

We must acknowledge several limitations of our review.
First, we do not provide a level of evidence that supports laser
therapy over other treatment options. Except for cases of TTTS,
fetal laser therapy has not been evaluated in randomized
controlled trials for other pathologies. Second, most cases
described here are based on case reports or small case series,
and reporting or investigator bias are thus not excluded. Third,
a better selection criteria for fetal laser therapy needs to be
defined. Fourth, unsuccessful attempts or complications have
likely gone unreported. Finally, there is poor follow-up beyond
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the neonatal period for patients treated with laser therapy or
other treatment options. Despite these limitations, growing
evidence suggest that fetal laser therapy might be considered
as a treatment option in pathologies other than TTTS.

Considering the difficulty of performing optimally designed
trials,'*® parents should be extensively counseled that the
interventions described here remain experimental and should
only be performed in select fetal therapy centers. In utero
procedures should only be offered after a multidisciplinary
review of the fetal findings. The pediatric surgical team should
ideally participate in these fetal laser therapy procedures. Fetal
laser therapy has been used experimentally in certain
conditions for highly selected cases. It is unclear whether the
reported findings, which are subject to reporting bias, are
generalizable. Careful evaluation in well delineated research
settings, reporting of both positive and negative results, as well
as a re-evaluation of the natural history of many conditions in
an era of improved neonatal care, are highly needed before any
benefit can be implied.
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