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Abstract

Purpose The aim of this study was to survey the frequency of various anesthetic techniques used in the anesthetic manage-
ment of both the mother and fetus during fetal therapies in Japan.

Methods We sent a postal survey to the institutions with physicians who held membership of the Japan Society of Fetal
Therapy to describe maternal and fetal anesthetic management during fetal therapies performed from January 2016 to March
2017. The therapies included were thoracoamniotic shunting (TAS), intrauterine transfusion (IUT), radiofrequency ablation
(RFA), fetoscopic laser photocoagulation (FLP), fetoscopic endotracheal occlusion (FETO), and ex utero intrapartum treat-
ment (EXIT). Survey respondents were asked to specify the standard anesthetic technique used in each of these procedures
done during the study period.

Results The most common anesthetic techniques used in each therapy were sedation/analgesia with local anesthesia in TAS
(31%), local anesthesia alone in IUT (47%), neuraxial anesthesia in RFA (50%), FLP (66%) and FETO (100%), and general
endotracheal anesthesia in EXIT. Fetal analgesia was utilized in 61% of TAS, 33% of IUT, 10% of RFA, 22% of FLP, 100%
of FETO, and 50% of EXIT. In all fetal therapies, the most common route of administration for fetal anesthesia was maternal
administration.

Conclusion In this first published description of the frequency of various anesthetic techniques used during fetal therapies
in Japan, we found that anesthetic techniques varied depending on the degree of invasiveness to the mother and fetus. Fetal
anesthesia was not always performed, and the most common route for fetal anesthesia was maternal administration.

Keywords Fetal therapy - Fetal anesthesia - Maternal anesthesia for fetal therapies

Introduction institutions. Fetal surgery with hysterotomy for myelomenin-

gocele repair has not been performed in Japan, but ex utero

Currently, a variety of fetal therapies are performed in lim-
ited numbers of institutions in Japan. For example, thora-
coamniotic shunting (TAS), intrauterine transfusion (IUT),
and radiofrequency ablation (RFA) are performed as fetal
image-guided surgery (FIGS), and these procedures are
covered by national health insurance now. Fetoscopic laser
photocoagulation (FLP) and fetoscopic tracheal occlusion
(FETO) are performed as fetoscopic surgery in registered
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intrapartum treatment (EXIT), involving hysterotomy during
cesarean delivery, has been reported from many institutions
mostly for securing fetal airway before cord clamping.

A unique characteristic of anesthesia during fetal therapy
is that both the mother and the fetus are the recipients of
anesthesia. In performing anesthesia for the mother, the
anesthesiologist must consider not only the duration and
invasiveness of the procedure, but also the influence of the
anesthetic agents on the fetus. The fetus’s ability to perceive
pain can arise after thalamocortical pathways start to func-
tion, which occurs in the third trimester around 29-30 weeks
of gestational age [1]. For example, during intrauterine blood
transfusion via the fetal intrahepatic vein by direct needling,
the middle cerebral artery pulsatility index and fetal plasma
concentrations of cortisol and endorphins respond during
blood transfusion into the intrahepatic vein to a greater
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degree than during the transfusion into the umbilical vein.
These responses are inhibited by fetal intravenous admin-
istration of fentanyl [2]. For the fetus, analgesia is needed
during potentially noxious stimuli such as TAS and FETO.
In addition, fetal immobilization can facilitate the correct
completion of the intrauterine procedure.

The effectiveness of each fetal therapy has been reported
and reviewed by the Japan Fetal Therapy Group [3-6].
However, there are only a few reports on each method of
anesthetic management for fetal therapies in Japan [7-9].
We have no data on the frequency of use of anesthetic pro-
cedures such as general anesthesia, neuraxial anesthesia,
and local anesthesia during fetal therapies. We likewise lack
detailed data about fetal-specific administration of anesthe-
sia. In this study, we sought to provide the first description
of the frequency of various anesthetic techniques used in
the anesthetic management of both the mother and the fetus
during fetal therapies in Japan.

Methods

We sent a postal survey to the institutions with physicians
who held membership of the Japan Society of Fetal Therapy.
Surveys were posted to each of the ninety-seven institutions
of the Society. Survey respondents were asked to specify the
type of standard anesthetic techniques used in each of fetal
therapies performed from January 2016 to March 2017. If a
respondent did not perform a fetal therapy during the period,
we asked to specify the current standard anesthetic tech-
niques. The therapies included in the survey were TAS, IUT,
RFA, FLP, FETO, and EXIT. We investigated the anesthetic
methods, the need of fetal analgesia and/or immobilization,
the fetal anesthetic agents used, and the providers of anes-
thesia for each fetal therapy.

Ethical approval for this survey was obtained from the
Saitama Medical Center Clinical Research Ethics Commit-
tee (1691) and from the Japan Society of Fetal Therapy.
All investigations were conducted in accordance with the
Declaration of Helsinki.

Results

Of the 97 institutions included, 57 (59%) responded to the
survey. Of these 57 institutions, 36 institutions (63%) had
performed at least one kind of fetal therapy. Twenty-three
institutions (40%) had performed TAS, 21 (37%) had per-
formed IUT, 14 (25%) had performed EXIT, 10 (18%) had
performed RFA, 9 (16%) had performed FLP, and 1 (2%)
had performed FETO during the study period.

In the majority of institutions, the anesthesia providers
were anesthesiologists (58%), followed by obstetricians
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(31%), either anesthesiologist or obstetrician depending on
the situation (6%), and unknown (5%).

Anesthetic techniques varied depending on the fetal
therapies. When all the techniques for FIGS and fetoscopic
surgery were combined, maternal anesthesia methods used
included local anesthesia alone (27%), sedation/analgesia
(S/A) with local anesthesia (22%), combined spinal epi-
dural anesthesia (CSEA) (20%), general endotracheal anes-
thesia (GETA) (13%), epidural anesthesia with S/A (8%),
epidural anesthesia alone (5%), and spinal anesthesia (5%).
Fetal analgesia and immobilization were provided in 39%
of the techniques. The routes of administration for the fetus
were maternal intravenous or inhalational anesthesia (IV/
IH) (80%), maternal IV/IH and fetal intramuscular injection
of anesthetic agent(s) (IM) (8%), fetal IM anesthesia alone
(4%), maternal IV/IH and umbilical vein injection of anes-
thetic agent(s) (UV) (4%), and UV anesthesia alone (4%).

The detailed results on each fetal therapy are shown in
Table 1 and summarized below.

TAS The most common anesthetic technique was S/A
with local anesthesia. Fetal analgesia was utilized in 61%
of institutions. The most common route of administration
was maternal IV/IH. The fetal analgesia agents used were
quite variable. The anesthesia providers in these institutions
were anesthesiologists (56%), obstetricians (35%), and either
anesthesiologist or obstetrician depending on the situation
9%).

IUT The most common anesthetic technique was local
anesthesia alone. Fetal analgesia was utilized in 33% of
institutions. The most common route of administration was
maternal IV/IH. The fetal analgesia agents used were vari-
able. The anesthesia providers in these institutions were
obstetricians (62%), anesthesiologists (24%), either anesthe-
siologist or obstetrician depending on the situation (5%), and
unknown (9%).

RFA Neuraxial anesthesia was used in 50% of institutions.
Fetal analgesia was utilized at only one institution, in which
remifentanil was administered via a maternal IV route. The
anesthesia providers in these institutions were anesthesiolo-
gists (80%), obstetricians (10%), and either anesthesiologist
or obstetrician depending on the situation (10%).

FLP The most common anesthetic technique was neurax-
ial anesthesia. Fetal analgesia was utilized at two institutions
(22%). The two institutions used maternal IV route, and the
fetal analgesia agents used were either remifentanil alone or
dexmedetomidine and midazolam in combination. The anes-
thesia providers in these institutions were anesthesiologists
(88%), obstetricians (11%), and both (11%).

FETO FETO was performed at only one institution, and
anesthesia was provided by anesthesiologists who performed
S/A with remifentanil and CSEA. Fetal analgesia involved
maternal intravenous remifentanil and direct fetal intramus-
cular administration of fentanyl and rocuronium.
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EXIT The most common anesthetic techniques used were
GETA with CSEA or GETA alone. Fetal analgesia was uti-
lized in 50% of institutions, and the main route of adminis-
tration was maternal IV/IH. The fetal analgesia agents used
were variable. The anesthesia providers in these institutions
were anesthesiologists (79%), obstetricians (7%), and either
anesthesiologist or obstetrician depending on the situation

(14%).

Discussion

In our survey, anesthetic techniques varied depending on the
type of fetal therapy and the different degrees of invasive-
ness for the mother and the fetus. We show the operative
time, degree of invasiveness, and needs of fetal anesthesia
for each fetal therapy in Table 2. For the mother, the degree
of invasiveness depends on the size and number of percuta-
neous instruments inserted (such as needles or fetoscopes)
and on the length of the operation. In FIGS, as surgeons use
only needles from 22 gauge to 16 gauge in size, local anes-
thesia alone can be used. In this study, local anesthesia with
or without S/A was used in TAS (46%) and in IUT (71%).
In previous reports, local anesthesia was most commonly
selected for minimally invasive fetal surgery [10, 11]. While
local anesthesia has almost no risk to the mother, it can-
not provide fetal analgesia and lacks uterine relaxant effect.
Local anesthesia can also be used for fetoscopic procedures,
but neuraxial anesthesia may be more comfortable for the
patient [11-13]. In this study, neuraxial anesthesia was used
especially in RFA and fetoscopic surgery. CSEA was most
commonly selected during RFA (40%) and fetoscopic sur-
gery (FLP: 33%; FETO: 100%). Neuraxial anesthesia has
advantages when multiple insertion sites are required due
to effective sensory blockade, thus avoiding larger local

anesthetic dose from multiple local anesthetic injections, as
well as providing maternal immobility with motor blockade,
and covering lengthy procedures. Disadvantages of neuraxial
anesthesia for fetal procedure include maternal risks such as
the possibility of a failed block, high spinal block leading
hemodynamic instability and respiratory compromise, sys-
temic toxicity from the local anesthetic, and neural injury.
Also, neuraxial anesthesia does not provide fetal anesthesia
and lacks a uterine relaxant effect. In this study, GETA was
used even in some of FIGS and fetoscopic surgeries. GETA
can provide anesthesia for both the mother and the fetus
and can cause uterine relaxation with inhalational agents.
However, for mothers, GETA involves a substantial risk of
intubation failure. As EXIT is performed via laparotomy
and requires continuous uterine relaxation, it requires GETA
and/or neuraxial anesthesia. We found that in EXIT, GETA
with or without neuraxial anesthesia was often used (72%).

In this survey, the most common route of administration
for fetal analgesia and immobility was via maternal intra-
venous administration or inhalation. For the fetus, TAS and
FETO involve potentially noxious stimulation, and fetal
immobilization can facilitate correct shunt placement or
enhance ease of tracheoscopy. IUT, RFA, and FLP are proce-
dures performed on the umbilical cord, an acardiac twin, and
the placenta, respectively. These procedures do not require
direct contact with the fetus, but fetal movement might cause
displacement of the needle or laser beam, potentially leading
to fetal trauma, bleeding, and other complications. Direct
fetal intramuscular administration of fentanyl and muscle
relaxant is useful for complete fetal immobilization and anal-
gesia [11-13]. Maternal administration of anesthetic agents
is also used for fetal immobilization and analgesia, even if
to a lesser degree than direct fetal administration, and in
Japan, it is the most common route of administration for fetal
anesthesia. Some obstetricians responded that direct fetal

Table 2 Operative time, degree of invasiveness, and fetal anesthesia used in various fetal therapies

FIGS Fetoscopic surgery  EXIT
Fetal therapies TAS, IUT, RFA FLP, FETO EXIT
Operative Time  15-60 min 30-90 min 60—120 min

Invasiveness

Fetal anesthesia
IUT: fetal immobilization can be effective
RFA: fetal immobilization can be effective

Single or multiple insertions of 22 gauge to 16 gauge nee-
dles (0.7-1.7 mm) into the lower abdomen of the mother

TAS: fetal analgesia and immobilization can be effective

Single insertion into Laparotomy

the lower abdo- Hysterotomy

men of the mother Continuous uterine atony
2.5-4 mm

FLP: fetal immo- Fetal analgesia may be necessary depend-
bilization can be ing on the degree of invasiveness to the
effective fetus

FETO: fetal analge- Fetal immobilization can be effective
sia and immobi-
lization can be
effective

FIGS fetal image-guided surgery, EXIT ex utero intrapartum treatment, 7AS thoracoamniotic shunting, /UT intrauterine transfusion, RFA radi-
ofrequency ablation, FLP fetoscopic laser photocoagulation, FETO fetoscopic endotracheal occlusion
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drug administration involved the insertion of a needle into
the uterus separate from those needed for fetal therapy itself.
Consequently, the insertion of multiple needles may cause
uterine contractions or increase the risk of premature rupture
of membranes, so they preferred maternal routes of drug
administration. In addition, whether fetal immobilization is
necessary may depend on the obstetrician’s skill, because
an experienced obstetrician can complete the procedure in
a shorter time. This may be the reason maternal routes of
administration with limited degree of fetal immobilization
were most commonly used for fetal analgesia or immobiliza-
tion in Japan, where fetal procedures are offered in limited
institutions by experienced practitioners.

The fetal anesthetic agents used were quite varied in our
survey. One reason for this could be that there are only a
few randomized controlled trials investigating standard fetal
anesthetic techniques. Van de Velde et al. showed that mater-
nal intravenous infusion of remifentanil for fetoscopic proce-
dures was effective to prevent fetal movement and improved
operating conditions [11]. In studies from Japan, the combi-
nation of maternal administration of fentanyl and diazepam
was effective for fetal immobilization and for maternal seda-
tion and analgesia during FLP [8, 9] and TAS [7]. This dif-
ference of remifentanil use may be due to delayed approval
of remifentanil in Japan compared to other countries.

This study provides the first published description of the
frequency and methods of various anesthetic techniques used
during fetal therapies in Japan. Our work could be useful for
planning new studies for safe and effective fetal anesthesia
in Japan. However, our study contains several limitations.
One is that there are a limited number of institutions where
fetal therapy is performed, as the prevalence of fetal diseases
requiring surgery is low. Of these institutions that do per-
form fetal therapy, the response rate in the postal survey we
employed was only 59%; however, the responses did include
almost all of the main institutions that perform fetal therapy
in Japan. Of the 57 institutions that responded, 36 institu-
tions had performed at least one kind of fetal therapy, in
which 23 institutions had performed TAS, 10 had performed
RFA, 9 had performed FLP and 1 had performed FETO. The
Japan Fetal Therapy Group, which is a research group lead-
ing clinical research of Japanese fetal therapy, recognizes 11
registered TAS institutions, 6 registered RFA institutions, 9
registered FLP institutions and 1 registered FETO institution
as of 2018. Thus, it is likely that the responses to our survey
included the majority of the main institutions that perform
fetal therapy in Japan.

In conclusion, we found that anesthesia methods varied
depending on the degree of invasiveness to the mother and
the fetus in this survey. In addition, the survey showed fetal

anesthesia was not always performed, and the most common
route of administration for fetal anesthesia was maternal
administration in Japan.
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