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Background: Recent warnings postulate a possible damaging effect of volatile anesthetics on the fetus. In our
archive of fetal surgeries, we found wide variation in dosing of volatile anesthetics during spina bifida surg-
eries. We hypothesized that there was an association between volatile anesthetic exposure and uterine activity.
Methods: Sixty anesthesia records from spina bifida operations were assessed. We analyzed the course of the
administered volatile anesthetic during surgery and calculated from each patient’s anesthesia record the vola-
tile anesthetic exposure expressed in vol%h. We divided the records into two post hoc groups of the 20 lowest
exposure (Group L) versus the 20 highest exposure (Group H), and compared them for uterine activity and fetal
heart rate.
Results: The number of contractions per hour was significantly greater in Group H (mean 1.3, SD ± 1.2) com-
pared with Group L (mean 0.5, SD ± 0.6, P=0.049). There was no difference between the groups for the
administration of the tocolytic drug atosiban (P=0.29). The course of the mean arterial pressure did not sig-
nificantly differ but group H needed significantly more vasoactive medication (P <0.05).
Conclusions: We found that a lower intra‐operative volatile anesthetic exposure than recommended in the
MOMS‐trial (i.e. <2.0 minimum alveolar concentration [MAC]) was not associated with an increase in
intra‐operative uterine activity. This is an indication that during spina bifida surgery, 2.0 MAC may not be nec-
essary to avoid potentially harmful uterine activity.
Introduction

The MOMS‐trial has produced unequivocal evidence that prenatal
spina bifida surgery produces better outcomes than postnatal care.1,2

Since 2010, in our Zurich Center for Fetal Diagnosis and Therapy
(www.swissfetus.ch), more than 135 intra‐uterine spina bifida opera-
tions have been performed. We have reported crucial aspects, particu-
larly outcomes, complications, and technical advances, from our
experiences so far.3,4 Atosiban (Tractocile®) performs better than
magnesium sulphate for tocolysis during spina bifida surgery.5 Here,
we present a retrospective assessment of the association between vola-
tile anesthetic dosing and unwanted intra‐operative uterine activity.
During fetal surgery, a primary concern is to avoid uterine con-
tractions, which mainly occur due to uterine manipulation and
hysterotomy. Intra‐operative uterine contractions can cause serious
complications such as bleeding, placental abruption, and umbilical
cord compression. Furthermore, they can impede the performance
of the operation. Since volatile anesthetics have a suppressive influ-
ence on uterine activity, volatile anesthetic dosing plays a crucial
role in this context.6 In the MOMS‐trial, it became a standard pro-
cedure to administer volatile anesthetic at higher concentrations
than required for sufficient maternal sedation. In contrast to anes-
thesia in non‐pregnant women having surgery of comparable inva-
siveness, it was recommended to administer up to two minimum
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alveolar concentrations (MAC), which for desflurane is >12 vol%.7

However, in our practice, the mainstay of tocolysis has been atosi-
ban, and the contribution of the volatile anesthetic is considered
supplementary.5

There is current uncertainty about the relevance of anesthesia‐
induced neuronal cell death, also referred to as neuro‐apoptosis, in
the developing brain of human fetuses and infants. Current informa-
tion is based on studies delivering high doses of anesthetic for long
durations in animals. Questions remain regarding both the translation
of these findings to humans and the clinical consequences of increased
neuro‐apoptosis on future neurodevelopment.8 Nevertheless, reducing
the volatile anesthetic concentration in pregnant women is a reason-
able endeavour, particularly during long surgical exposures, such as
intra‐uterine myelomeningocele repair.9–13 However, volatile anes-
thetics are tocolytic and thus have a therapeutic role. Unwanted uter-
ine activity may both impair intra‐uterine perfusion and precipitate
preterm delivery, both of which can adversely impact the fetal brain,
so a state of equipoise may exist between high and low volatile anes-
thetic concentrations.

In our archived records from completed spina bifida surgeries, we
noted considerable differences in individual volatile anesthetic dosing
between patients, reflecting the different attitudes of attending anes-
thesiologists. The study aim was to compare the uterine activity,
effects on the fetus, intra‐operative complications, and variations in
the hemodynamic course between patients receiving a high versus
low anesthetic exposure.
Table 1
Clinical data related to anesthesia

Group L
(n=20)

Group H
(n=20)

P-value

Total volatile anesthetic exposure
(vol% h)

17.3 ± 1.6 28.3 ± 6.1 <0.001

Average expiratory volatile
concentration (vol%)

6.6 ± 0.4 10.1 ± 1.3 <0.001

Duration of exposure to volatile agents
(min)

158 ± 19 168 ± 28 0.29

Fall in mean arterial pressure from
baseline (mmHg)

29.5 ± 9.9 33.1 ± 7.3 0.17

Dose of norepinephrine (µg/min) 4.0 ± 1.3 7.7 ± 4.1 <0.001

Values are presented as mean ± SD.
Methods

The study was approved by the local Ethics Committee (KEK‐ZH
No. 2015‐0172). At admission, each patient gave written consent for
the use of her anonymised data, including non‐directive prenatal coun-
selling, peri‐operative management, maternal‐fetal anesthesia and sur-
gery, according to the MOMS‐trial (see overview in supplemental
Table 1).2 A fetal surgery program and a web‐based data registry were
established to collect all pertinent data prospectively and
comprehensively.

Retrospective analysis of the patients' records began after 60 oper-
ations had been performed. The inclusion criterion was intra‐uterine
spina bifida repair under tocolytic medication with atosiban used up
to 45 h postoperatively according to standard procedures. An initial
bolus of 6.75 mg was given immediately before surgery, followed by
an infusion of 18 mg/h throughout surgery and 6 mg/h
postoperatively.

The data for this study were obtained from three sources:

1. Demographic details from the hospital’s general patient records
2. Intra‐operative data on uterine contractions and fetal symptoms of

distress from the surgeon’s report
3. Anesthesia data including the course of volatile anesthetic dosing,

maternal hemodynamic parameters, and the choice and dose of
vasoactive drugs from the respective anesthetic records.

General anesthesia consisted of induction with thiopental, fentanyl,
and rocuronium in a ‘rapid sequence’ mode, followed by tracheal intu-
bation. Maintenance of anesthesia was with desflurane, continuous
neuromuscular block and opioids that penetrate the uteroplacental
barrier and additionally provided anesthesia to the fetus. During the
intervention, maternal hemodynamics were monitored via an arterial
line. Intra‐operative fetal heart rate and myocardial contractility was
continuously measured using ultrasound and the uterine activity was
continuously observed and recorded by a dedicated member of the sur-
gical team. Intra‐operative findings such as uterine contraction, pla-
cental abruption, and the necessity for fetal resuscitation, were also
documented.
2

To obtain comparability of the entire volatile anesthetic exposure
during surgery, we assessed the average end‐expiratory concentrations
of the volatile anesthetic from each patient’s anesthetic record. We cal-
culated the individual total volatile anesthetic exposure, which was
the product of the average end‐expiratory concentrations of the vola-
tile anesthetic (vol%) and the duration (h) of its application, expressed
in ‘vol%h’. For this purpose, the entire volatile anesthetic administra-
tion period was divided into time segments with constant concentra-
tions. The sum of all these concentration–time products resulted in
the final, individual ‘total volatile anesthetic exposure’. This parameter
best describes the anesthetic burden to which a patient and the fetus
have been exposed. Finally, we divided the total volatile anesthetic
exposure values of all 60 patients into the two post hoc groups of
the 20 lowest (Group L) versus the 20 highest (Group H) exposures.
All parameters were compared according to this differentiation.

Data are presented as mean ± standard deviation. A P‐value
<0.05 was considered significant. Cohen’s Kappa was used to measure
agreement for categorical items. The Mann‐Whitney U test was applied
to compare continuous data between the groups and to calculate the P‐
values. The Mann‐Whitney U test was used in a unified way because of
its high level of efficacy independent from data distribution. Statistical
data were analyzed with IBM SPSS Statistics (version 25, IBM Corpo-
ration, Armonk, NY, USA).

Results

The average end‐expiratory volatile concentration (vol%) was
significantly different between the two groups (P <0.001). This
underlines the broad spectrum of dosing regimens used by the anesthe-
siologists involved. The spectrum of total volatile anesthetic exposure
resulted in a broad distribution ranging from the lowest value of
15.4 vol%h to the highest value of 39.9 vol%h. The median total vola-
tile anesthetic exposure was 17.3 vol%h in group L and 28.3 vol%h in
group H (P <0.001). An overview of all aspects of desflurane admin-
istration is presented in Table 1. The course of the mean arterial pres-
sure did not significantly differ between groups but more treatment
with a vasopressor to maintain mean arterial pressure ˃60 mmHg
occurred in group H (Table 1). The two groups did not significantly
differ in demographic or pregnancy‐related data (Table 2).

The surgery‐related data showed no significant difference between
the two groups in the operation duration and the duration of the uterus
being open, the time for fetal surgery and the length of uterotomy inci-
sion (Table 3). There was no evidence that the duration of the opera-
tion became shorter over time, so evolution of the operative technique
appears unlikely to have influenced the findings.

The main finding was that the number of contractions per hour was
significantly higher in Group H (P=0.049). There were no differences
between the groups for the standardized administration of atosiban
(P=0.29) or for intra‐operative fetal bradycardia or postoperative pla-
cental abruption within 72 h (Table 4).



Table 2
Maternal demographic data.

Group L
(n=20)

Group H
(n=20)

P-
value

Height (cm) 167 ± 6 167± 5 0.84
Pre-operative BMI (kg/m2) 27.2 ± 3.7 27.3 ± 4.5 0.99
Postoperative BMI (kg/m2) 26.7 ± 3.8 26.5 ± 4.5 0.78
Age (y) 32.6 ± 5.5 32.4 ± 4.6 0.93
Week of pregnancy on date of

surgery
25.2 ± 0.7 25.2 ± 0.6 0.72

Previous pregnancies (n) 1.1 ± 0.9 1.6 ± 1.6 0.37
Previous cesarean sections (n) 0.3 ± 0.4 0.1 ± 0.3 0.43

Values are presented as mean ± SD. BMI: body mass index.

Table 3
Operation details.

Group L
(n=20)

Group H
(n=20)

P-
value

Total operation duration (min) 133 ± 18 148 ± 24 0.06
Duration uterus open (min) 84 ± 14 95 ± 21 0.19
Duration of fetal operation (min) 39 ± 12 46 ± 13 0.08
Length of uterotomy (cm) 7.2 ± 1.1 7.3 ± 1.1 0.72
Necessary intra-operative turns of the

fetus (n)
12 7 0.11

Values are presented as mean ± SD or as numbers where appropriate.

Table 4
Intra-operative findings related to the uterus and fetus.

Group L
(n=20)

Group H
(n=20)

P-
value

Placental abruption* (n) 0 0 1.0
Fetal bradycardia (n) 4 1 0.43
Fetal resuscitation (n) 0 1 0.80
Total number of contractions (n) 14 33 0.07
Contractions per h (fetal

operation)
0.5 ± 0.6 1.3 ± 1.2 0.049

Atosiban (mg) 54 ± 6 57 ± 8 0.29

Values are presented as mean ± SD or as numbers where appropriate (*up to
72 h postoperatively).
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Discussion

Globally, an estimated 1800 cases of open fetal surgery have been
performed to date. In an animal study Jevtovic‐Todorovic et al.
reported that anesthetic agents trigger apoptosis in several major brain
regions, resulting in deletion of many neurons from the developing
brain and residual learning or memory deficits. The increasing con-
cerns about the possible deleterious effects of anesthetics on the fetal
brain motivated this investigation. Identifying the optimal volatile
concentration during spina bifida surgery remains a challenge.14

We interpret our findings in the light of reservations about the
exposure of the fetus to anesthetics during spina bifida surgery. In
2009, De Roo et al. found in an animal study that volatile anesthetics
can induce a significant increase in dendritic spine density in the
somatosensory cortex and the hippocampus.10 This at least implies
that these drugs affect the development of the central nervous system.
Davidson et al. reported that volatile anesthetic exposure in the fetal
period might cause a delay in neurobehavioral development.11 In
2011, similar effects were found when the fetus was exposed to propo-
fol, the predominant drug available for the maintenance of intra-
venous anesthesia.9 While these investigations only showed a
potential impact on neuronal tissue development, more recent studies
have indicated that there might be adverse effects on cognitive abili-
ties in the postnatal period.12,13 Since the latter studies were con-
ducted in animal models, they are of limited relevance for humans.
3

Despite this limitation, the US Food and Drug Administration felt com-
pelled to issue a warning regarding potential impaired brain develop-
ment in children following exposure to various anesthetic agents
(isoflurane, sevoflurane and desflurane) used during mid‐ and late‐
pregnancy.8 These agents represent nearly all the usual volatile main-
tenance agents, leaving limited options for alternative medications. As
a strategic means of minimizing the exposure of the fetus during
maternal anesthesia, Otuloye et al. recommended the additional use
of gamma‐aminobutyric acid agonists, alpha‐2 agonists, and opioids
(as a means of reducing the dosage of the anesthetics); and secondly
to minimize the duration of exposure to anesthetics by limiting the
duration of surgery.

We based this investigation on our experience that there are large
variations in volatile anesthetic dosing during fetoscopic interven-
tions, independent of the appropriateness of individual doses. This
wide range prompted a post‐hoc comparison of the association
between uterine activity and anesthetic exposure. The main findings
were that the frequency of uterine contractions was higher in group
H. This suggests that a lower intra‐operative anesthetic exposure might
not increase the incidence of intra‐operative uterine contractions. In
addition, a lower volatile anesthetic exposure than recommended ini-
tially may not be associated with complications such as bleeding, pla-
cental abruption, or umbilical cord compression.

A limitation of this retrospective investigation is that the number of
uterine contractions was taken from the surgeon's postoperative
report; this seems very subjective. The other limitation is that this
study can only show an association between these two factors. It is
likely that the anesthetist in charge increased the volatile anesthetic
dosing if there were more uterine contractions. In contrast to the
MOMS‐trial recommendation, delivering volatile anesthetic concentra-
tions below 2.0 MAC (e.g. 1.0 MAC) might be acceptable, provided
this is adapted to the mother's hypnotic needs.

The less pronounced hemodynamic effects associated with reduced
dosing of volatile anesthetic and the need for fewer interventions with
vasoconstrictors to maintain stable maternal hemodynamics and uter-
ine perfusion may be additional benefits of avoiding a high‐dose
regimen.

Boat et al. proposed adding a continuous infusion of propofol while
administering a lower volatile anesthetic regimen.15 It is unclear
whether this mixed‐method approach maintains better hemodynamic
stability and uterine perfusion. We do not know whether atosiban
was sufficient alone to dampen uterine activity during uterotomy, or
to what extent volatile anesthetic contributed.

In conclusion, in this retrospective study the administration of a
lower intra‐operative volatile anesthetic dose and reduced exposure
did not appear to increase the risk of uterine contractions. If these find-
ings are confirmed, it would be reasonable to administer volatile anes-
thetic concentrations according to the maternal anesthetic
requirements, thus reducing the total exposure of the fetal brain.
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