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ARTICLE INFO ABSTRACT

Keywords: Objective: Ex-utero intrapartum treatment (EXIT) procedures are employed during delivery to establish a safe
Ex-utero intrapartum treatment airway on placental support for neonates with potential airway obstruction. While EXITs are typically planned
CHAOS

with a multidisciplinary team, these procedures may occur emergently due to preterm labor, late diagnosis, or
delayed transfer of care. This systematic review compares outcomes of scheduled versus unscheduled/emergent
EXIT procedures.

Data sources: We searched PubMed, Scopus, and CINAHL in March 2025 to identify observational studies
describing EXIT procedures.

Methods: Studies were included if they identified the procedure as scheduled/unscheduled and had at least one
neonatal and maternal outcome of interest. We assessed quality using the Joanna Briggs Institute (JBI) checklists.
Raw data were pooled and assessed with summary statistics.

Results: 67 articles were included for data extraction and synthesis. Primary findings were: (1) the unscheduled
group had a significantly higher maternal estimated blood loss (EBL) and (2) rates of neonatal perioperative
mortality were higher for the unscheduled group. Though the mortality difference was clinically significant (16%
unscheduled versus 4.9% scheduled), it was not statistically significant. Furthermore, a higher percentage of
patients in the unscheduled group were managed with tracheostomy (49%) as compared to the scheduled group
(30%, p-value variable across imputation sets, range 0.029 - 0.076).

Conclusion: EXIT procedures should always be carefully planned and coordinated with a multidisciplinary team.
However, if necessary, unscheduled EXIT procedures can be safely performed by experienced personnel in
prepared centers, though they may have a slight increase in maternal EBL.

Cervical lymphangioma
Airway obstruction
Preterm

Maternal-fetal medicine
Otolaryngology

1. Introduction teratoma [1]. Since then, indications have expanded to include multiple

types of congenital airway obstruction such as congenital high airway

Ex-utero intrapartum treatment (EXIT) is a procedure used in the
management of prenatally diagnosed fetal airway obstruction. It in-
volves establishing an airway in the neonate while maintaining utero-
placental support, in order to circumvent potential hypoxia at the time
of delivery. The procedure mobilizes interdisciplinary care from
maternal-fetal medicine, otolaryngology, and neonatology specialists.
The first successful EXIT procedure was done in 1990 at Thomas Jef-
ferson University for an infant with massive cervical-mediastinal
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obstruction syndrome (CHAOS), micrognathia, and neck masses. EXIT
procedures can also be used as a bridge to extra-corporeal membrane
oxygenation or as a means to separate conjoined twins [2,3]. According
to the North American Fetal Care Network's 2023 multicenter survey,
most institutions that offer EXIT perform between one and five pro-
cedures per year (42.5%). Very few centers — less than 3% - perform
more than ten EXIT procedures per year [4]. While this procedure is
rare, the complexity and large number of teams involved makes
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preparation essential. This involves coordinating provider schedules,
operating room space, equipment, and neonatal intensive care for the
post-operative period. However, not every center has the procedural
volume or system structure to allow for a designated EXIT team. These
centers must rely on interdisciplinary teams uniquely assembled for
each patient, with providers who are willing to come in on short notice
in the event of preterm labor. This may lead to provider burnout and
inadvertent errors related to the handoff process, as even the most
experienced care teams cannot be on call indefinitely. Scheduled day-
time procedures are preferred in their ability to avoid such complica-
tions. Care coordination for EXITs can be further complicated by delayed
diagnosis of fetal anomalies or late transfers of care from smaller hos-
pital systems. These situations may result in emergent, or unscheduled,
EXIT procedures.

The objective of this paper is to compare outcomes between sched-
uled and unscheduled EXITs. Specifically, we aimed to assess whether
maternal estimated blood loss (EBL), rates of maternal complications,
and rates of neonatal mortality were higher in the emergent EXIT group.
We performed a systematic review of the literature based on this ques-
tion using the Population, Intervention, Comparisons, Outcomes (PICO)
format (Table 1). Further, we discuss the potential benefits of EXIT-
dedicated teams and institutional protocols to ensure the success of
unscheduled procedures.

2. Methods

This systematic review is reported in accordance with Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines [5]. Prior to beginning, we registered our study protocol in
the International Prospective Register of Systematic Reviews (PROS-
PERO) (CRD420250644360).

2.1. Inclusion criteria

This systematic review included case reports and case series report-
ing on EXIT procedures performed for upper airway-threatening pa-
thologies. Inclusion and exclusion criteria were determined based on the
Population, Intervention, Comparison, Outcomes (PICO) framework
outlined in Table 1 [6]. Articles were excluded if they reported on EXITs
performed for solely thoracic (congenital diaphragmatic hernia) pa-
thologies or were otherwise unrelated to the upper airway. Articles were
required to be published in the English language. No date restrictions
were applied in order to capture as many recorded instances of this rare
procedure as possible. Articles were required to delineate whether the
procedure was done on a scheduled versus unscheduled basis. EXITs
were considered “scheduled” if they occurred at a previously determined
time, as planned per prenatal discussions. In contrast, procedures were
considered “unscheduled” if they occurred on an urgent/emergent basis,
either due to preterm delivery, delayed diagnosis, or late transfer of

Table 1
Population, Intervention, Comparison, Outcomes (PICO) framework.

Population, Intervention, Comparison, Outcomes (PICO) framework

1. Mothers

2. Neonates who required delivery via EXIT due to airway-
threatening pathologies

Scheduled EXIT procedures (i.e. procedure occurred at the previously

decided upon date and time)

Unscheduled EXIT procedures (i.e. emergent, unplanned due to late

diagnosis or transfer of care, occurring at a date other than scheduled due

to preterm labor or other complications)

1. Neonatal perioperative mortality

2. Maternal complications

3. Maternal estimated blood loss (EBL)

4. Intubation versus tracheostomy

5

6

Population

Intervention

Comparison

Outcomes

. Time to decannulation or extubation
. Length of NICU stay for the neonate
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care. In rare cases, “unscheduled” indicates that institutions had no prior
knowledge of the patient. More often, “unscheduled” referred to a
known patient who delivered prematurely. Finally, articles were
required to contain information on at least one neonatal and one
maternal outcome of interest (Table 1).

2.2. Search criteria

To identify studies for inclusion in this review, a librarian (EAB)
developed detailed search strategies in PubMed, Scopus, and CINAHL.
The databases were searched from inception through March 26, 2025.
English language filters were applied. The search strategies used a
combination of subject headings (e.g., MeSH in PubMed) and keywords
for the concepts of ex-utero intrapartum treatment (EXIT) procedures
and airway management. The PubMed search strategy was modified for
the other databases, replacing MeSH terms with appropriate subject
headings, when available, and maintaining similar keywords. The
literature search was reported according to PRISMA-S, an extension of
the PRISMA Statement for reporting literature searches in systematic
reviews. The search strategies for each database are detailed in Sup-
plemental Text 1.

2.3. Selection of sources of evidence

References were exported into Covidence software and duplicates
were removed. Two reviewers [AC and CC] independently screened ti-
tles and abstracts to determine eligibility. Conflicts were resolved by a
third reviewer [ED]. Following the same process, two reviewers [AC and
CC] then independently screened full-text articles with conflicts being
resolved by a third reviewer [ED].

2.3.1. Quality assessment

The methodological quality of included studies was determined, and
risk of bias evaluated. For case reports, the Joanna Briggs Institute (JBI)
Checklist for Case Reports was used to assess risk of bias [7]. For case
series, the JBI Checklist for Case Series was used to assess risk of bias [8].
Two authors independently performed the quality assessment.

2.3.2. Data extraction

Before conducting this review, data collection tables were developed
and piloted to extract data from several relevant articles. One author
extracted data from each article, including indications for EXIT,
maternal and neonatal demographic information, maternal and
neonatal outcomes, and prenatal risk factors (polyhydramnios, fetal
hydrops, maternal risk factors). A second author reviewed and validated
all extracted data.

2.3.3. Statistical analysis

Data processing was performed using the Statistical Package for
Social Sciences software (SPSS). Multiple imputation was performed to
address missing data (Supplemental Fig. 1a and 1b). Given that out-
comes collected were raw data for individual patients and no summary
statistics were extracted from the articles, a meta-analysis was not
appropriate. Rather, we performed a pooled analysis of the raw data.
Descriptive statistics were calculated. Student's t-test and Fisher's exact
tests were used to assess nominal and categorical data, with significance
set at p < 0.05.

3. Results
3.1. Study inclusion

The resulting number of articles retrieved, screened, excluded, and
extracted are presented in the PRISMA flow diagram (Fig. 1). Database

searches identified 736 records. 323 duplicates were removed. Title and
abstracts were screened in the remaining 413 eligible studies, 163 of
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Fig. 1. Prisma flow diagram.

which were deemed irrelevant during the title/abstract screening phase
because they did not meet the eligibility criteria. The full text could not
be obtained for five studies, so the full-text review was conducted on the
remaining 245 studies, resulting in 178 studies being excluded because
they did not meet the inclusion criteria. There were 67 studies included
in this systematic review — 54 case reports [3,9-30] and 13 [31-62] case
series [63-75].

3.2. Quality assessment

As determined using the Joanna Briggs Institute (JBI) Case Reports
assessment tool, all case reports were considered to be of good quality.
The largest potential source of bias was in the following domain: “was
the post-intervention clinical condition clearly described?”. Six out of
fifty-four articles received a “no” in this category, due to failure to
describe symptoms, functional outcomes, or post-operative follow up for
the neonates. Similarly, all case series were considered to carry a low
risk of bias, based on the JBI Case Series tool. The largest potential
sources of bias came from failure of the authors to specify consecutive
and complete inclusion of cases. Eight out of thirteen case series did not

have consecutive and complete case inclusion. For a full tabular
description of quality assessment outcomes, see Supplemental Tables 1
and 2

3.3. Population

Overall, 119 patients were identified who were born via EXIT. Of
those, 82 were delivered on a scheduled basis. The remaining 37 were
delivered via unscheduled or emergent EXIT. The three most common
indications for EXIT were cervical lymphangioma, cervical teratoma,
and congenital high airway obstruction syndrome (CHAOS) (Fig. 2).
Overall, there was a significant association between scheduled versus
unscheduled status and indication for surgery (p < 0.001). Specifically,
a higher proportion of scheduled patients underwent EXIT for cervical
lymphangioma (0.39 versus 0.15, p = 0.007). When looked at individ-
ually, there was not a significant difference in proportions of patients
undergoing EXIT for micrognathia between groups.

22.0(18/82) and 21.6 percent (8/37) of mothers were primigravidas
in the planned and unplanned groups, respectively. Average maternal
age was 30.0 years, 95% CI [29.1, 31.0]. There was no statistically
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Indications for Scheduled vs. Unscheduled EXIT procedures

m Scheduled

= Unscheduled

Indication for EXIT

Fig. 2. Indications for scheduled versus unscheduled EXIT procedures.

significant difference in maternal age between the scheduled and un-
scheduled groups. In the unscheduled group, 54% of the neonates were
male, compared with 47% in the scheduled group (not significant).

In terms of prenatal comorbidities, we found that a significantly
larger percentage of mothers who underwent emergent EXIT had poly-
hydramnios identified on ultrasound at a prenatal visit (73.0% versus
47.6%, p < 0.05 across imputations). There was no statistically signifi-
cant association between polyhydramnios and perioperative mortality.
16.2% of fetuses in the emergent group had evidence of hydrops on
ultrasound as compared to 9.8% in the scheduled group, although this
difference was not statistically significant. One mother in the unplanned
group had comorbid preeclampsia [66].

3.4. Fetal outcomes

The unscheduled group had a higher rate of perioperative neonatal
mortality (0.16 unscheduled vs. 0.049 scheduled), though this differ-
ence did not reach significance (Table 2). A higher percentage of pa-
tients in the unscheduled group were managed with tracheostomy
(49%) as compared to the scheduled group (30%, p variable across
imputation sets, range of 0.029 - 0.076). Patients in the emergent group
were born on average at a lower gestational age (33.52 weeks, 95% CI
[32.6, 34.4]) than those in the scheduled group (36.62 weeks, [36.1-
37.1]). This difference was significant. There was not a statistically
significant difference in time on placental support or neonatal length of
stay. Furthermore, most articles were missing information on neonatal

Table 2
Comparisons of means and rates for neonatal outcomes of interest.
Outcome of interest Scheduled Unscheduled P value
Mean Mean
Gestational Age at 36.62 weeks 33.51 weeks P < 0.001*
Delivery
Time on Placental 21.88 20.53 P =0.758
Support
Perioperative 0.049 0.16 P = 0.068
mortality rate
Intubation rate® 0.72 0.55 P = 0.040 - 0.076
across imputations
Tracheostomy rate® 0.30 0.49 P =0.029 - 0.076

across imputations

alndicates significance.

aSome patients were managed with both intubation and tracheostomy at
different points in the perioperative period, lending the possibility of sums
>100%.

length of stay, and as such, many of those values had to be supplied via
multiple imputation. Information regarding time to extubation or time
to decannulation was unreliably recorded across the included articles.
Therefore, we did not assess these outcomes with summary statistics.

3.5. Maternal outcomes

There was a statistically significant difference in maternal estimated
blood loss (EBL) between the scheduled and unscheduled EXIT groups
(Table 3). Across both groups, 15 mothers required blood transfusion
perioperatively. On average, mothers who were transfused received
2.79 units of packed red blood cells. There was not a statistically sig-
nificant difference in overall rate of maternal complications. The most
common maternal complication was hemorrhage, defined as EBL greater
than 1000 cc. Other maternal complications included uterine atony,
wound infection and uterine inversion. There was no need for hyster-
ectomy in any case.

4. Discussion

The major findings of this paper were an increase in maternal EBL in
unscheduled as compared to scheduled EXITs and a slightly increased
risk of perioperative neonatal mortality (though this did not reach
significance).

There are several potential reasons for the difference in maternal EBL
between the scheduled and unscheduled groups. EXIT procedures
require a high degree of uterine relaxation in order to facilitate partial
delivery of the fetus and establishment of the airway. As such, these
procedures involve complex anesthetic decision-making. If general
anesthesia is used, medication doses must be carefully titrated to
maximize uterine relaxation and fetal analgesia, while promoting
maternal safety and maintaining blood pressure [9]. If neuraxial or
regional anesthesia (RA) is used, parturients may experience reduced
blood loss, but uterine relaxation may be suboptimal for obtaining the

Table 3
Comparisons of means and rates for maternal outcomes of interest.
Outcome of interest Scheduled Emergent P value
Mean Mean
Maternal EBL 762.80 1125.27 P = 0.003"
Rate of maternal 0.32 0.41 P > 0.05 across
complications imputations

? Indicates significance.
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fetal airway [76]. One possibility is that mothers undergoing emergent
EXIT more often receive general anesthesia as opposed to RA, and/or
more often have anesthesia providers who are not as experienced in the
careful balance of uterine relaxation and minimizing blood loss.

Another important step in the EXIT procedure is the rapid intro-
duction of uterotonics following cord-clamping to restore uterine tone.
Oxytoxin is typically used, followed by additional uterotonics, if
necessary [9]. It is possible that in cases of unscheduled EXIT, teams are
not as prepared to quickly give uterotonics or do not have these medi-
cations readily available in sufficient quantities. As far as early steps of
the procedure, inadequate time to perform intraoperative placental
mapping or achieve sufficient hemostasis at the uterine incision may
contribute to a difference in EBL between scheduled and unscheduled
groups. One case of unscheduled EXIT cited “unanticipated technical
difficulty” of using a uterine stapling device to stabilize the hysterotomy
as a contributing factor to obstetric hemorrhage [77].

Finally, one potential confounding factor in this finding is that
mothers undergoing unscheduled EXIT may more frequently experience
preterm labor due to severe polyhydramnios and subsequent uterine
overdistension [16,78]. This idea is supported by our finding that a
significantly larger proportion of mothers in the unscheduled group had
polyhydramnios identified on a prenatal scan. The subsequent uterine
distension may also lead to increased risk of postpartum atony and
hemorrhage, which is related to anatomical as opposed to technical
factors.

Of note, while the difference in maternal EBL is statistically signifi-
cant, it may not be all that clinically significant, given a small effect size
(Cohen's d equal to 0.462).

Similarly, the increased risk of neonatal perioperative mortality has
several potential causes. Two cases of perioperative mortality in the
unscheduled group were attributed to persistent neonatal bradycardia
and hypoxia despite having obtained an airway. In one of those cases,
the team attempted to replace the airway but could not obtain one.
Another death in the unscheduled group was due to premature placental
abruption necessitating tracheostomy off of placental support, and
another was due to pulmonary hypoplasia from the thoracic portion of a
teratoma. Two cases of perioperative mortality were attributed to pre-
term birth and hydrops. One could argue that the deaths related to
persistent bradycardia and hypoxia were due to inadequate airways.
Interestingly, however, many of the deaths were not related to inability
to establish an airway. Rather, they were related to underlying pathol-
ogies of the neonates. Thus, it is possible that neonates with a poorer
prognosis (i.e. hydrops, pulmonary hypoplasia) both more often un-
dergo unscheduled EXIT and more often experience perioperative
mortality. This idea is further supported by the significantly higher
proportion of patients undergoing EXIT for lymphatic malformation in
the scheduled group. There are no clinical practice guidelines outlining
indications for EXIT in patients with lymphatic malformations. As such,
use of EXIT in these cases varies by provider and criteria may differ
based on institutional experience [67,79]. It is possible that more con-
servative teams perform EXIT on these patients when not strictly
necessary, leading to lower mortality when cases do occur.

As stated, this difference in perioperative mortality did not reach
significance, which could be attributed to low statistical power. Overall,
only eleven cases resulted in perioperative mortality. This lends support
to the conclusion that EXIT procedures can be done safely on both a
scheduled and unscheduled basis, provided multidisciplinary teams are
prepared and collaborate well. However, it is possible that publication
bias and reporting variability may result in fewer cases which result in
neonatal mortality being published. This could underpower detection of
true differences.

Interestingly, a higher proportion of patients undergoing unsched-
uled EXIT had airways managed by tracheostomy (Table 2). This was
likely multifactorial. It is possible that patients undergoing emergent
EXIT have more challenging underlying pathologies (as discussed
above) necessitating surgical airway. In some cases of unscheduled
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EXIT, the providers present at the time of delivery may not be the same
individuals involved in prenatal planning, which could affect manage-
ment decisions.

There were several limitations to this study. First, the rarity of the
EXIT procedure led to a need to rely on lower-level observational evi-
dence, namely case reports and case series. As discussed, we did not
conduct a meta-analysis because we extracted raw data from the cases
included as opposed to summary statistics. The use of case reports and
series also carried the challenge of inconsistent reporting of outcomes
between articles. As such, we had to perform multiple imputations to
address missing data. Notably, we had to exclude a large number of
articles during the literature review due to inability to determine
whether EXIT was scheduled or unscheduled. This may lead to data
presented being incomplete. Furthermore, publication bias may lead to
increased availability of literature demonstrating positive surgical out-
comes and underrepresentation of fetal and maternal complications.

Despite these limitations, the point persists that EXIT procedures
require extensive coordination between teams and are always at risk of
occurring at suboptimal times. Preterm labor is always a possibility.
Unscheduled EXITs occurred at earlier gestational ages than scheduled
EXITs. This may lend support to scheduling EXIT procedures at earlier
gestational ages to preempt possible preterm labor, weighing the risks
and benefits of earlier delivery. Furthermore, this paper underscores the
importance of proper preparation for EXIT procedures. In situations
where creating a dedicated EXIT team is not possible, an institutional
protocol should be in place so that team members assembled for any
given procedure can be familiarized with supplies needed, OR setup, and
general surgical plan (example in Supplemental Text 2).

5. Conclusion

Overall, unscheduled EXIT procedures carry a similar safety profile
to that of scheduled EXIT procedures, although unscheduled procedures
are associated with slightly increased maternal EBL and neonatal peri-
operative mortality (though the latter is not significant). Still, it is al-
ways recommended to plan and schedule EXIT procedures whenever
possible, to reduce both potential patient morbidity and institutional
strain. The development of institutional protocols and dedicated EXIT
teams may help mitigate risks of unscheduled or emergent procedures.
An evaluation of the cost-effectiveness of such teams would add value to
the field and assist centers in choosing their own approaches. Future
research should focus on standardizing approaches to maternal hemor-
rhage during EXIT procedures and determining an optimal gestational
age to plan for delivery via EXIT. Additionally, the power of this and
future studies could be the development of prospective registries for
EXIT procedures and multicenter approaches to standardize anesthesia,
obstetric, and airway protocols.
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