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Abstract

Pregnant women, like everyone else, travel internationally for business and pleasure. However, since preterm labor is experienced in 8-30% of all pregnancies, a
significant number of women are admitted to hospitals with signs and symptoms of threatening preterm delivery while traveling abroad. Repatriation requests
represent a difficult scenario for insurance and assistance companies as well as for physicians in referring and admitting hospitals. Here, we present a comprehensive
literature review and an analysis of possibilities and limitations when transporting pregnant women on international, long-distance fixed-wing Air Ambulance.

While no Air Ambulance environment can provide the necessary safety for mother and baby during a delivery in-flight, available data suggests that in-flight deliveries
can be successfully avoided. In this review, we propose a risk based approach, taking factors such as locally available perinatal services, transport distance and routing,
presence or absence of chorioamnionitis and contractions, cervical length and cervical dilatation as well as molecular markers (fFN, PAMG-1, phIGFBP-1), if locally

available, into account.

Abbreviations: CAMTS: Commission on Accreditation of Medical
Transport Systems, COXII: Cyclooxygenase-2, EURAMI: European
Aeromedical Institute, fFN: fetal Fibronectin, GA: Gestational Age,
HFO: High Frequency Oscillation, ICU: Intensive Care Unit, iNO:
inhaled Nitric Monoxide, PAMG-1: Placental alpha-microglobulin-1,
phIGFBP-1: Cervical phosphorylated insuline-like growth factor
binding protein-1, PROM: Premature Rupture of Membranes, RCT:
Randomized Controlled Trial, RFDS: Royal Flying Doctor Service,
ROM: Rupture of Membranes.

Introduction

International traveling was steadily increasing in the past: The
International Civil Aviation Organization (ICAO) reported that airlines
carried 4.3 billion passengers in 2018, which is 6.4 per cent higher than
the previous year, while the number of departures reached 37.8 million
in 2018. Accordingly, an increasing number of women are traveling
during pregnancy. In some studies, more than 50% of pregnant women
traveled abroad during their pregnancy; with over a third of those
embarking on long distance, intercontinental journeys [1].

In general, air travel is safe in pregnancy. The second trimester
between 14 and 28 weeks is mostly recommended as a particular safe
period for traveling [2]. Major commercial airlines accept pregnant
women until 36 weeks gestational weeks (GA) on board scheduled
flights. However, the risk of preterm delivery (birth prior to 37 weeks
GA) is currently estimated at approximately 8% in a first observed
pregnancy with an increased risk up to 30% in women with a history
of preterm delivery [3]. Consequently, a significant number of women
at risk for preterm labor are admitted into hospital while traveling
abroad, with the main reason for admission being spontaneous onset
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of labor with contractions, rupture of membranes, cervical shortening
and/or dilatation or any combination of the previous. In such cases,
aeromedical repatriation to the respective home country or a location
with high quality obstetric services by fixed wing air ambulance is
frequently requested. This paper reviews the risk of delivery en-route,
the optimal management of repatriation requests for women at risk for
preterm labor and delivery and evaluates possible transport scenarios
using a risk-based approach.

In-flight delivery

Stay or transport: Even in the most sophisticated and spacious air-
ambulance aircraft (e.g. Bombardier Challenger 604 or similar, Figure
1), acceptance of the risk of (and planning contingencies for) a delivery
in-fight is not an option. An in-flight delivery is prohibitive due to an
excessive risk for mother and fetus, poor monitoring capabilities of fetal
wellbeing, non-existent possibilities to escalate to an assisted vaginal
delivery and/or caesarian section if needed and very limited options
for the management of post-partal and post-natal complications, in
particular maternal post-partum hemorrhage.

The main consideration for any woman with threating preterm
labor abroad is therefore the decision to either repatriate to the country
of origin, alternative to the nearest country with advanced obstetric
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Figure 1. Air ambulance interior configurations and cabin cross sections

Interior Configuration and Cabin Cross Section of a medium large (Bombardier Learjet 45,
upper panel) and large Air Ambulance Aircraft (Bombardier Challenger 604, lower panel).
Note that the max. cabin height in the Learjet 45 is 149 cm, in the Challenger 604 186 cm.
The max. cabin width in the Learjet 45 is 155 cm, in the Challenger 604 250 cm

services (in-utero transfer of the fetus) or to stay in the current location
and transport mother and baby home after delivery (post-natal transfer
of the newborn). A number of important variables influence the
balanced risk-benefit analysis of such a decision (Table 1).

While most of these variables are relatively easy to identify, the
ability to predict the risk for delivery is an area of ongoing debate.
However, despite a significant number of in-utero /antenatal transfers
of term and pre-term fetuses, the number of reported births in-flight is
surprisingly low, pointing towards some accuracy is assessing the risk of
delivery en-route. Tsokos et al. [4] published a study on 99 consecutive
aeromedical maternal transfers in Western Australia in 1988, with no
reported delivery during transport. An analysis of the Australian Royal
Flying Doctor Service in 453 antenatal transfers for threating delivery
(preterm or term, 90% emergency) from rural Australia to metropolitan
areas also did not document a single delivery in-flight [5].

A second analysis of RFDS Australia on 500 consecutive transfers
of women at risk of preterm labor to the tertiary referral center, from
September 2007 to December 31, 2009 again confirmed no deliveries
in-flight. Cervical dilatation >/= 4 cm, ruptured membranes, gestational
age > 32 weeks and, surprisingly, nulliparity were identified as risk
factors associated with a shorter time from landing to subsequent
delivery [6]. An older report published by the US Air Force analyzed
329 long range transports of obstetric patients at various gestational
ages with no delivery or other complications occurring in-flight [7].
More recent Canadian data on 121 maternal aeromedical transfers, 63%
of them for either threatening preterm labor or premature rupture of
membranes confirmed no deliveries during transfer and also showed
that women transferred for threatening preterm labor were significantly
less likely than those transferred for all other reasons to need delivery
at the admitting hospital (RR 0.44 [0.30-0.65], P < 0.0001) [8]. A paper
from a US based program on 80 long-distance fixed-wing transport
of obstetrical patients did not report deliveries in-flight and listed
a number of minor complications with nausea and vomiting being
most frequent (80% of transported women), followed by increased
contractions in 8.8% of transported women [9]. In our own experience,
international long-haul transfer of 10 pregnant women in fixed winged
air ambulance aircraft with flying times between 2.5 and 5.5 hours did
not result in any in-flight delivery or the need to divert the plane to a
nearby destination (Table 2).
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Predicting the risk of preterm delivery

Preterm uterine contractions

Preterm contractions with spontaneous cessation occur in up to
30% of all pregnancies and do not predict preterm birth per se. However,
amongst women with cervical shortening, uterine contractions were
indeed identified as a risk factor for preterm delivery [10]. Therefore,
other parameters in combination with the occurrence of regular
contractions are necessary to clarify the risk of preterm birth within the
next 7 days and consecutively to initiate tocolysis.

Rupture of membranes (ROM)

Spontaneous rupture of membranes accelerates labor and predicts
much faster progress in multipara women >37 weeks of gestation. The
clinically impression is that ROM signals the descent of fetal parts and

Table 1. Variables to consider in the decision between in-utero or post-natal transfer

Variable Favors in-utero transfer | Favors post-natal transfer
Acutely of labor low high
Quality of local obstetric
and neonatal services in low high
relation to gestational age
Quality of local obstetric
services in relation to
known maternal and low high
fetal risk factors and co-
morbidities
Distance and an'tlupated short long
transport times
Available options for
diverting the flight in c.ase alternate airficlds available alternate elurﬁelds not
of unforeseen progression available
of labor

Table 2. Characteristics of 10 in-utero transfers by Jetcall Air Ambulance between 01/2015

and 01/2020
GA of the fetus . Flight time Reason for Toco!ysw
at transfer Routing (min) transfer during
(weeks) transport
Faro (P) London
+
30+6 (UK) 170 PROM no
. PROM,
35+4 Tunis (T) 240 contractions, (nil no
London (UK) at transfer)
Ibiza (E)
21+2 London (UK) 150 PROM no
Vaginal
Bleeding,
Crete (GR) retroplacental
25%0 Trollhattan (NO) 270 hematoma, no
contractions (nil
at transfer)
Florence (I) PROM,
29+0 Alborg (DK) 120 contractions (nil | yes (Atosiban)
& at transfer)
Heraklion (GR) Vaginal
23+4 Paderborn (D) 180 Bleeding no
Lisbon (P) .
21+6 Bristol (UK) 180 Preeclampsia no
Athens (GR) Vaginal
24+4 Amsterdam 180 Bleeding, no
NL Placenta Previa
) .
Paphos (CY) Fetal
34+0 Liverpool (UK) 330 Abnormalities no
Contractions (nil
28+3 g;?snniG(];)) 190 at transfer), Fetal no
s Abnormalities
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accelerates cervix dilatation. A likely mechanism is the reduction of
uterine wall tension by reduction of the intrauterine volume according
to the Law of LaPlace [11]. This enables the uterus to generate higher
pressure, resulting in an acceleration of labor [12]. In about 70% of
cases; premature rupture of membranes (PROM) is associated with
intra-amniotic infection. Several tests are available to confirm the
diagnosis of PROM (see below) but a method to reliably predict PROM
is not available. Additionally, the prediction of preterm birth solely
based on the occurrence of PROM is not possible [13].

Cervical length

Cervical length measurement can easily be performed by
transvaginal ultrasound. Shortening of cervix uteri has been associated
with an increased risk of preterm birth [14] and a recently published
small study of singleton nulliparous woman reported on the possibility
to predict preterm delivery within 7 days solely based on sonographic
findings [15]. However, in a meta-analysis of women with twin
pregnancies and symptoms of spontaneous preterm birth, cervical
length hat a low predictive accuracy for preterm birth < 34 weeks of
gestational age (GA) [16].

Cervical dilatation

Cervical dilatation is a commonly used predictor for the risk of
preterm delivery. In a study on women presenting for threating preterm
labor at a mean gestational age of 28.1 +/- 2.9 weeks, cervical dilatation
of 0 to 1 cm was associated with 6% of the women delivering within 48
hours, 20% delivering at < 32 weeks, and 38% delivering at < 35 weeks.
With cervical dilatation of 6 to 10 cm, 89% delivered in < 24 hours,
11% between 24 and 48 hours, 94% delivered at < 32 weeks, and 100%
delivered at < 35 weeks [17].

Fetal fibronectin (fFN)

Fibronectin, a high molecular glycoprotein is necessary for
embryogenesis and important for guiding cell attachment and
migration during embryonic development. Fetal fibronectin is found
at the interface of the chorion and the decidua. A positive qualitative
fFN-test in the cervicovaginal fluid is associated with an increased
risk for premature birth, but the sensitivity and the positive predictive
value of the test are low [18]. Among nulliparous women with singleton
pregnancies, even the combination of quantitative fFN levels and
cervical length had low predictive accuracy for spontaneous preterm
birth [19]. In twin pregnancies, fetal fibronectin alone failed in terms
of prediction accuracy and is not recommended for twin pregnancies
[20,21]. The combination of evidence of fFN together with cervical
length was shown to be effective in predicting birth before 34 weeks
in twin pregnancies, but not accurately predicting the time interval
between examination and delivery [22].

Cervical phosphorylated insuline-like growth factor binding
protein-1 (phIGFBP-1)

Insulin like growth factors and their binding proteins are important
for placental and fetal growth and development. PhIGFBP-1 is
synthesized in decidualized endometrium cells. Uterine contractions
are leading to tissue disruptions at the choriodecidual interface and can
result in a leakage of phIGFBP-1 into cervical secretions. Although a
negative phIGFBP-1 test was found to have a potential utility to identify
patients who will not deliver within 48 hours, its overall predictive
ability is limited. The combination of phIGFBP-1 together with cervical
length had also a low predictive accuracy to predict preterm birth
[21,23].
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Placental alpha-microglobulin-1 PAMG-1

Placental alpha-1 Microglobulin (PAMG-1) is a protein with a
high concentration in amniotic fluid as well as in membranes of the
chorion. The presence of placental alpha macroglobulin-1 in the vagina
specifically indicates a disruption in the integrity of the fetal membranes
and may indirectly designate an increased risk for preterm birth [24].
Cervical PAMG-1 had a high accuracy to predict preterm birth within
7 and 14 d of testing in symptomatic pregnant women. In women with
cervical length of 15-30 mm, the predictive value of PAMG-1 regarding
delivery within the next 7 days was superior to fFN and PhIGFBP-1
(69,4% vs. 28,8 % vs. 25,4%) [25].

Combination of parameters

Despite the limitation in terms of predicting preterm birth, cervical
ultrasound is routinely performed in women with signs of preterm
labor. If assessment of cervical fluid is performed, fFN testing is most
frequently used. The German Society of Gynecology and Obstetrics is
using these two parameters to stratify women with threating preterm
labor into two risk groups (Table 3). Another study identified the
following risk factors for delivery within 48 h after starting tocolysis:
cervical dilatation at admission, elevated leukocyte count at admission,
and developing signs suggestive of chorioamnionitis following
admission.

Secondary and tertiary prevention of preterm delivery
in the hospital and pre-flight setting

Progesterone

Progesterone has been shown to be effective in terms of
prevention of preterm birth without negative effect on neurocognitive
development of the fetus if administered intravaginal in asymptomatic
women with singleton pregnancy and reduced cervical length < 25
mm at gestational age < 24+ 0 weeks [26-28]. Unfortunately, data
for pregnancies > 24 + 0 weeks GA and reduced cervical length <
25 mm are not consistent. In multiple pregnancies, progesterone has
not been proven as useful for preventing preterm birth20. Therefore,
daily vaginal administered progesterone (200 mg capsula/day or 90
mg gel) is recommended by the German, Swiss an Austrian societies
of Gynecology and Obstetrics only for singleton pregnancy with
reduced cervical length < 25 mm at an gestational age of < 24+ 0
weeks GA [29].

Cerclage

Cerclage hast been extensively in the focus of research with the
aim to identify the group of pregnant women who would benefit
most from cerclage. In multiple pregnancies, mixed results in the
use of cerclage including harmful events have been reported [20,30].
Women with singleton pregnancy, without history of preterm labor
and reduced cervical length < 25 mm at < 24+ 0 weeks GA seem not to
profit from cerclage [31]. Cerclage is recommended in women with a
history of spontaneous vaginal preterm delivery, singleton pregnancy
and reduced cervical length < 25 mm at < 24+ 0 weeks GA [29].

Table 3. Stratification of women with threating preterm labor into two risk groups by the
German Society of Gynecology and Obstetrics

Cervical length > 30 mm or Cervical length
15-30 mm and negative fFN-Test

Cervical length < 15 mm or Cervical length
15-30 mm and positive fFN-Test

Low risk

Elevated risk
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Cervical pessary

In a 2017 published trial, cervical pessary seemed to be as effective
as vaginal progesterone in women with singleton pregnancy and
reduced cervical length < 25 mm at < 24+ 0 weeks GA [32]. National
guidelines describe the use of cervical pessary as potential option in
those patients [29]. The evidence for the use of cervical pessary in twins
is conflicting; a RCT in the UK with the aim to analyze the effect of
cervical pessary in twin pregnancy is ongoing [33].

Tocolysis

The aim of tocolysis is definitely not to prevent preterm birth but
to prolong pregnancy for at least for 48 hours to provide a complete
course of antenatal steroids to the fetus and to enable an in-utero
transport into a perinatal center [34]. There is a clear recommendation
for tocolysis between 22 + 0 and 33 + 6 weeks GA on in case of
spontaneous contractions ( > 4 contractions/20 min) in combination
with cervical dilatation and/or reduced cervical length and the
absence of contraindications like fetal hypoxia, chorioamnionitis,
pre-eclampsia, severe maternal bleeding or cervical dilatation > 4 cm
[29,35]. The effects on prolongation of pregnancy, maternal and fetal
safety and neonatal mortality of drugs like {3-sympathicomimetica,
COXII -Inhibitors (indomethacine), calcium-antagonists (nifedipine),
magnesiumsulfate, oxytocin receptor antagonist (atosiban) and NO-
donators have been examined in more than 95 RCTs. Already in 1988,
Tsokos et al. [4] published a study on 99 consecutive aeromedical
maternal transfers in Western Australia in which §3-sympathicomimetic
inhibition of uterine activity was achieved successfully and only one
case of pulmonary edema and 2 cases of maternal hypoglycemia
were documented. However, because of the significant higher rates
of maternal adverse reactions (especially pulmonary edema) of
B-sympathicomimetica and the dose-dependent efficacy and side
effects of magnesiumsulfate, both substances are not recommended
for tocolysis anymore [36,37]. Atosiban has the same efficacy like
B-sympathicomimetica or nifedipine but a significant lower risk of side
effects for both mother and fetus and is therefore recommended as first
line tocolytic agent in Germany [29,37] or as tocolytic agent of choice
in case of contraindications against nifedipine or indomethacine.
However, Atosiban has not yet been approved in US.

The COX II Inhibitor Indomethacine has a high tocolytic efficacy
with low maternal side effects; however, according to the risk of
intrauterine closure of the fetal ductus arteriosus the use is limited to
pregnancies < 32 weeks GA and a treatment course of 48 hours [38].

Nifedipine has been shown to be an effective tocolytic agent
without documented negative effects on neonatal mortality or
morbidity. The recommended oral dosage is initial 10 mg, followed
by 10-20 mg 3-4 times daily [29]. Because of the possible oral
administration it seems to be the drug of choice especially in the
outpatient setting. Severe cardiovascular side effects like arterial
hypotonia, tachycardia and lung edema are reported, especially in
combination with antenatal steroids or a cumulative dose > 160 mg/
day. Even at a cumulative dose 60 mg/day, a threefold increased risk
of tachycardia and an 8-9 fold increased risk of arterial hypotonia
is observed. Therefore, the use of nifedipine in women with
preexisting cardiovascular diseases or arterial hypotonia is critical
and all pregnant women receiving nifedipine require circulatory
monitoring [37,39].

The combination of several tocolytics, the combination of tocolytics
with progesterone and the use of prolonged tocolysis for more than 48
hours is not recommended [40].
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Scenario planning (I): Elective delivery prior to
transport

In women with highly acute labor, in-utero transfer of the fetus is
no longer an option since delivery en-route carries an unacceptable risk
to mother and baby and must be avoided at all costs.

Depending on the quality of locally available obstetric services in
relation to gestational age and to know maternal and fetal risk factors
and co-morbidities, support by sending an obstetric / neonatal team
for a planned delivery with full equipment (incubator, surfactant, HFO,
iNO, etc.) might be considered in exceptional circumstances. Since
the risk for intraventricular hemorrhage in extremely preterm babies
is particular high in the first 72 hours of life, minimal handling is
recommended in this period and inter-facility transfers are discouraged,
making a prolonged stay of the neonatal team a necessity in some very
high risk infants. Combined transports of mother and baby may be a
possibility in large body air ambulance aircraft such as the Bombardier
Challenger 604 and others (Figure 1).

Scenario planning (II): Diverting a transport

In our own practice, careful assessment of the acuity of labor, taking
into account all available information on cervical length and dilatation,
rupture of membranes, need for tocolysis prior to transfer, active
amnion infection syndrome, molecular markers etc., was 100% effective
to prevent in-fight deliveries. Our current protocol stipulates tocolysis
in stand-by during the transport of a pregnant woman with threating
pre-term delivery. If the air ambulance team would observe any signs
of progression into labor (such as re-occurrence of active contractions),
the patient is started on tocolysis. Depending on the efficacy of tocolysis
and the location of the aircraft in relation to the planned destination,
the fight may be diverted to the nearest facility with adequate obstetric
and neonatal services depending on the gestational age and additional
risk factors of the individual pregnancy. Planning of alternative airfields
/ destinations for different sectors of the flight with decision-points to
switch from one to the next potential alternative destination prior to
the transport allows quick and accurate decision making. Advanced
communication equipment such as satellite telephones and messaging
services enable the team to efficiently communicate with ground
services and arrange ambulance pick-up and admission while still in
the air.

Discussion and recommendations

The freedom to travel is a fundamental right that shall be not be
restricted while experiencing the gift of pregnancy. Since the second
trimester is considered a particularly safe period for traveling, we will
continue to experience a significant number of women who, while
traveling abroad, develop signs and symptoms of threating preterm
labor. If such an event occurs, either delivery abroad or in-utero transfer
to either the home country or the nearest center that can provide
adequate perinatal services are the only options since an anticipated
delivery en-route cannot be conceived without an unacceptable risk to
mother and fetus.

The establishment of regionalized high-level perinatal care in many
countries, with thousands of women with threating preterm delivery
being successfully transferred to centers with higher levels of care, is
convincing evidence that it is possible to predict the short-term risk for
delivery relatively accurate. However, in contrast to regional transfers
that are usually completed within a few hours, an international
repatriation of a woman with threating preterm delivery might span
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a period of 24h or more from decision making until arrival in the
admitting hospital, which means that criteria for local and reginal
transfers may not uniformly being applied to international transports.

Nevertheless, our own data as well as the published literature
support the hypothesis that long-distance aeromedical repatriation of
women at risk for preterm labor and delivery can be performed with
reasonable safety.

We suggest the following criteria as indicators for possible
international aeromedical repatriation (Table 4):

» No signs suggestive of developing chorioamnionitis
o No contractions in the 24h prior to transport

o Negative molecular markers (fFN, PAMG-1, phIGFBP-1), if locally
available

e Preserved cervix of 3 cm or more
or
¢ Cervical dilatation of less than 1 cm

Despite the obvious assessment of the progress of labor, decision
criteria to stay or transport should always critically consider local
capacities in relation to gestational age and co-morbidities of fetus
and mother. Above all, an open and candid discussion of all available
options with parents and all other relevant stakeholders (local
obstetrician, transport team including medical and flight-crew, the
receiving perinatal center, as well as local teams at alternate destinations
on very long repatriations) are key in planning of such an air ambulance
transfer. Antenatal steroids should be administered in accordance with
the relevant guidelines. Antibiotics can be considered. While tocolysis is
ineffective in preventing preterm labor, delaying delivery to complete a
course of antenatal steroids and secure the appropriate level of obstetric
and neonatal care in the event of preterm delivery are goals that can
be achieved by tocolysis [34]. Therefore, tocolysis should be in stand-
by during the transport to extend the time-window allowing either
continuing the transport to the planned destination or reaching the
nearest center of adequate perinatal care in case of a progression into
acute labor. Nifedipine seemed to serve as a useful tool to facilitate in-
utero transport, and in one study, when used as an intervention during
flight, was associated with a reliable delay of delivery of >48h [41].

As all critically ill patients, women with threatening preterm labor
should be transported in a well-equipped air ambulance aircraft and
be accompanied by an experienced crew. Accreditation by established
organizations such as EURAMI or CAMTS might be a useful quality
indicator. Advanced communication equipment such a satellite

Table 4. Interpretation of Clinical Findings in women with threating preterm labor in
respect to the risk to progress into delivery

Risk of progressing into

Parameter labor and delivery within
48h
. S 0-1 cm low
Cervical dilatation 8
>5cm very high
Cervical length <15mm elevated
. .. . absent low
Signs of amnion infection
present elevated
Molecular markers (fFN, negative low
PAMG-1, phIGFBP-1) positive elevated
Multipara elevated
Twin or Triplet Pregnancy elevated
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telephone allows flexible adaptation of flight plans hospital admissions
if needed. ICU equipment (ventilator, monitoring, medication etc.)
to manage complications in the pregnant mother is standard; while
carrying an incubator, neonatal team and NICU equipment on-board
is not reasonable.

In those rare cases in which a transport is no longer possible with
an adequate risk — benefit balance and needed neonatal services are not
available locally, dispatch of a neonatal team for a planned delivery at
the scene with a full set of equipment (incubator, ventilator, surfactant,
HFO, iNO, etc.) might be an option.
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