A Graceful EXIT impeded by obstetrical complications
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SUMMARY

We report an ex utero intrapartum therapy-to-airway
procedure in which obstetric factors dramatically
influenced the sequence of events necessary to complete
the procedure.

BACKGROUND

Successful ex utero intrapartum therapy (EXIT)
procedures are predicated on several factors,
including a highly skilled and collaborative multi-
disciplinary team, optimal maternal and fetal
anaesthesia management, maximum uterine quies-
cence and relaxation with maintenance of uterine
volume, creation of a haemostatic hysterotomy
with adequate exposure, real-time fetal monitoring,
successful fetal intervention and, lastly, a seamless
transition to neonatal intensive care and definitive
surgical therapy.'™ While fetal outcomes following
an EXIT procedure have been well described, lesser
emphasis has been placed on maternal obstet-
rical considerations that may heavily impact the
successful completion of the procedure. We there-
fore report an EXIT-to-airway procedure in which
obstetrical complicating factors dramatically altered
the sequence of events necessary to complete the
procedure.

CASE PRESENTATION

A 36-year-old gravida 5 para 3013 was referred to
our fetal treatment centre at 24 weeks of gestation
with a fetal diagnosis of congenital high airway
obstruction syndrome (CHAOS) without additional
anomalies (figures 1 and 2). Fetal imaging revealed
a gap in the trachea, but sufficient tracheal length
was present to permit access for tracheostomy. Fetal
cytogenetics from an amniotic fluid sample revealed
a normal karyotype and microarray. In a multidis-
ciplinary conference involving the family, options
were discussed to include termination of pregnancy,
delivery with neonatal comfort care and an EXIT-
to-airway procedure. The family was well informed
that without an established airway at the time of
delivery, a neonatal demise would be imminent.
Fetoscopic laser decompression of CHAOS, feasible
in select cases,” was not considered in this scenario
secondary to the long gap defect noted on fetal
imaging, which would result in a low likelihood
of a successful procedure, as well as the associated
risks of surrounding tissue injury. Prematurity is
also higher following fetoscopic procedures, and
an EXIT procedure remains necessary regardless
of decompression to develop an adequate airway
at delivery. The family elected for a re-evaluation
in the third trimester and returned at 31 weeks of

gestational age for a repeat ultrasound and fetal
MRI. She received weekly ultrasounds at the refer-
ring centre to determine fetal viability, monitor
amniotic fluid volume and assess for signs of prema-
ture labour until she relocated to our centre. Find-
ings on follow-up remained stable when compared
with her earlier evaluation, with the exception of
asymptomatic polyhydramnios.

After follow-up counselling, the family elected
to undergo an EXIT-to-airway procedure sched-
uled for 37 weeks of gestation. At this point, a
call tree was established placing all key specialties
on 24-hour availability until the procedure was
completed. The gestational age chosen for the
procedure was established to allow for further fetal
growth and to promote fetal lung maturity.

At 34 weeks 5 days of gestation, she presented to
labour and delivery at 03:00 on a Sunday morning
with the complaint of gross rupture of membranes.
On examination, her cervix was noted to be 4cm
dilated; there was gross pooling of amniotic fluid;
and the umbilical cord was prolapsed through the
cervix up to the level of the introitus (figure 3). The
fetus was in the breech presentation. Contractions
were occurring regularly at 4min intervals with
persistent variable fetal heart rate decelerations
down to 80 beats/min. The call tree was activated.
The patient was taken to the operating room and
underwent general anaesthesia with endotra-
cheal intubation, while the multidisciplinary team
congregated to discuss adjustments to the proce-
dure. The time from patient presentation in labour
and delivery triage to induction of general anaes-
thesia was 59 min, with all essential team members
present.

The decision was made to make a maternal
midline laparotomy to provide sufficient access
to completely exteriorise the late-preterm gravid
uterus and to make a fundal hysterotomy to deliver
the fetal head and neck first. The placenta was
anterior, and the fetus was in the breech presen-
tation in the setting of anhydramnios secondary
to rupture of membranes. An attempt at external
cephalic version was not deemed safe in the setting
of anhydramnios, active labour and existing cord
prolapse. For these reasons, the original plan to
perform a maternal abdominal transverse skin
incision with a low transverse uterine hysterotomy
was therefore abandoned. The midline skin inci-
sion was made to just below the umbilicus with
placement of a large Olexis O retractor (Applied
Medical, Rancho Santa Margarita, Californis, USA)
allowing the uterus to be exteriorised. The anaes-
thesiologist provided maximal halogenated agents
with a mean alveolar concentration of 3, along with

BM)

Zaretsky M, et al. BMJ Case Rep 2021;14:€237911. doi:10.1136/bcr-2020-237911 1


http://casereports.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2020-237911&domain=pdf&date_stamp=2021-02-05

Figure 1 Ultrasound image with blue arrow pointing to the abrupt
termination of the dilated trachea within the neck in the fetus with
CHAOS. The white arrow is at the level of the trachea within the thorax
surrounded by bilateral hyperechoic lung.

both nitroglycerin and terbutaline. Unfortunately, uterine relax-
ation was not sufficient to maintain optimal placental perfu-
sion to the fetus. In an effort to expedite the procedure, the
surgical team proceeded by placing a haemostatic myometrial
box stitch at the fundus placed well away from the placental
edge. The uterus was incised within the box stitch with electro-
cautery, and the amniotic sac was entered. Bainbridge clamps
were used to compress the myometrium prior to placing uterine
haemostatic staplers. Due to inadequate uterine relaxation, the
thickened myometrium prohibited sufficient compression of
tissue to allow for stapling. At this point, the uterine entry point
was extended with electrocautery, and Allis clamps were used
along the length of the hysterotomy to provide haemostasis. The
fetal head and neck were then delivered followed immediately

Figure 2 Fetal MRI showing the dilated fetal airway (blue arrow),
everted diaphragm (yellow arrow) and ascites (white arrow) typical of
fetal CHAOS.

Figure 3  Colour Doppler on abdominal ultrasound demonstrating
umbilical cord prolapse to within the vagina (blue arrow) at time of exit
procedure, maternal lower uterine segment (white arrow) and maternal
bladder (yellow arrow).

by an intramuscular injection of a cocktail containing atropine,
rocuronium and fentanyl. A rapid intravenous infusion device
was used to infuse warm lactated Ringer’s solution through the
hysterotomy to assist in maintaining uterine volume. Fetal moni-
toring performed throughout the procedure by fetal cardiology
demonstrated intermittent bradycardia with rate as low as 88
beats/min and as high as 129 beats/min with depressed biventric-
ular function. At this time, the paediatric surgeon and paediatric
otolaryngologist worked in concert and established an airway via
an endotracheal tube through a tracheostomy incision. The time
from delivery of the head and neck until airway establishment
was 3 min. The remainder of the baby was delivered; the umbil-
ical cord was clamped and cut; and the infant was passed off to
the neonatology team.

The neonatal response to initial resuscitation was an imme-
diate return to a heart rate in the 150’s bpm with an oxygen
saturation of 100%. After stabilisation, bronchoscopy revealed
laryngeal atresia below the level of the vocal cords with an intact
trachea (figure 4).

The parturient was extubated after the placement of bilat-
eral transversus abdominus plane blocks for postoperative pain
control. Unfortunately, during the first 24 hours postpartum,
the mother developed uterine atony necessitating the use of
uterotonics and uterine balloon tamponade. She received a
transfusion of 2 units of packed red blood cells. Subsequently,
the mother remained inpatient for three postoperative days and
was discharged in good condition without further complications
from the surgical procedure.

OUTCOME AND FOLLOW-UP
The infant is doing well and remains with a tracheostomy
awaiting definitive repair of the laryngeal atresia.

DISCUSSION

Despite meticulous planning, the EXIT procedure was performed
in a suboptimal scenario secondary to multiple obstetrical factors.
The patient presented to labour and delivery unscheduled on an
early Sunday morning with a complex presentation including an
umbilical cord prolapse with category II fetal heart rate tracing.
In normal circumstances, an umbilical cord prolapse results
in an emergent caesarean delivery. Because the fetus lacked a
patent airway, an emergent caesarean would have resulted in a
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Figure 4 Upper left image demonstrates zoomed-in supraglottic view
with normal anatomy with medialised vocal cords. Upper right image is
the glottic view with medialised normal vocal cords. Bottom left image
is the glottic view with cords spread demonstrating laryngeal atresia
starting in the infraglottis. Bottom right image is the infraglottic view
with laryngeal atresia.

neonatal demise or, in the best-case scenario, prolonged hypoxia
during an attempt to establish an emergent airway immediately
following delivery.

Maternal safety is of paramount importance when considering
the option for an EXIT procedure. If maternal safety is compro-
mised, the EXIT procedure should be abandoned to ensure an
optimal maternal outcome. Fetal health follows second to the
mother’s well-being. Throughout this case, extensive moni-
toring of the patient’s status was undertaken by both the anaes-
thesiology and surgical teams. Fetal compromise was certainly a
concern with the non-patent airway, as well as an umbilical cord
prolapse and suboptimal placental perfusion. Our team was able
to assure maternal safety, and, therefore, the EXIT was allowed
to proceed as planned but with notable deviations. Due to anhy-
dramnios, cord prolapse, breech presentation and inadequate
uterine relaxation, an external cephalic version and a low trans-
verse uterine incision were not feasible, and access to the uterine
fundus was needed to deliver the head and neck first. This neces-
sitated a maternal midline incision sufficient to exteriorise the
uterus to enable fundal access for the hysterotomy.

Once the uterus was exteriorised, uterine relaxation was
attempted with an anaesthetic cocktail (halogenated agent,
terbutaline and nitroglycerin) while maintaining stable maternal
cardiovascular status with pressor infusions. Uterine relaxation
was unfortunately never obtained despite maximal anaesthetic
agents. As a result, the myometrial thickness compromised
compression of the tissue with Bainbridge clamps, and use of
the hysterotomy staples was rendered futile. Also, as a result of
lack of uterine relaxation, optimisation of uteroplacental circula-
tion was not achieved. Whether fetal bradycardia was secondary
to the existing cord prolapse, increased uterine tone and/or loss
of optimal uterine volume is not clear. Fortunately, there were
no signs of placental abruption at any point, which would have
terminated the EXIT procedure. Infusion of warm Ringer’s
lactate was not effective to maintain optimal uterine volume due
to the myometrial contractile force in this circumstance, and the
only volume maintained was secondary to the lower half of the
fetus remaining within the uterus.

Fortunately, the tracheostomy was performed expeditiously
without any issue. There was minimal time spent on uteropla-
cental bypass, which was present but suboptimal secondary
to the aforementioned complicating factors. In addition, once
the airway was secured, an awaiting neonatal team optimised
oxygenation and ventilation.

Quality review performed after the procedure highlighted
an important area for improvement, establishing the optimal
gestational age to schedule an EXIT procedure. In one series
of 31 EXIT procedures, the gestational age range at the time of
delivery was quite variable at 29-40 weeks. There is no existing
consensus as to when timing is optimal.® With the diagnosis of
CHAOS, polyhydramnios is common and is associated with a
high risk of premature rupture of membranes and premature
labour. Our EXIT occurred at 34 weeks and 5 days. An amniore-
duction could have been performed prophylactically to try to
avoid this complication or the EXIT could have been scheduled
earlier than the planned 37 weeks of gestation. Admission to
the hospital is another consideration to maximise efficient move-
ment to the operating room in the setting of spontaneous labour.
In this case, the patient did have asymptomatic polyhydramnios
with a long cervix, and the risks of a late amnioreduction was
considered by the team to be higher than the benefits. Active
labour following an amnioreduction can certainly occur.” The
benefit of waiting longer to promote fetal maturity was desired,
although the ability to achieve this in the setting of CHAOS is
unknown.

A critical component of the procedure is an established,
experienced and highly collaborative multidisciplinary team
within a quaternary care system.® This asset cannot be under-
stated and likely contributed to this case proceeding stepwise
through the critical steps despite complicating factors and
concluding with the efficient placement of a patent airway. The
procedure was planned several weeks in advance and a walk-
through was performed with all key stake holders, which is
standard protocol for every EXIT procedure at our institution.
Simulation prior to each procedure results in a higher success
rate, especially when it occurs unscheduled with few personnel
on site.”

The literature on EXIT procedures primarily focuses on the
technical aspects of the procedure and case series of its use for
various fetal diagnoses, including CHAOS. Only in select few
instances are maternal complications described and even fewer
instances of cases where the EXIT procedure was abandoned
prematurely due to maternal or fetal complications. The case
series describe the fetal diagnosis and success or failure of
establishing the airway. Maternal complications from EXIT
procedures include longer operative times, higher blood loss
and higher rates of wound complications compared with those
undergoing caesarean delivery.” ' In addition, uterine dehis-
cence and rupture in a subsequent pregnancy is a real risk.'* In an
anaesthesia review of the largest case series of 65 patients, 32%
of cases occurred prior to the planned date for reasons including
prelabour premature rupture of membranes, and 18% of cases
were emergently performed. In 6% of the cases, the procedure
was ‘rushed’ due to either identified placental abruption or what
was identified as impending abruption.” In these cases, as in
ours, the definitive therapy was expeditious control of the fetal
airway followed by delivery. Refractory elevated uterine tone is
mentioned; however, the rate of this complicating factor is not
known from the available literature, and there are likely many
contributing factors. The key to success in these complicated
cases appears to be the experience and the coordination of the
surgical team.
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In summary, we have described an EXIT procedure compli-
cated by significant obstetrical factors. In the absence of maternal
complications, obstetrical complications, which can be multiple
in nature, can be ameliorated and addressed such that an EXIT
procedure can be successfully completed.

Learning points

» Lesser emphasis has been placed on obstetrical
considerations during ex utero intrapartum therapy (EXIT)
procedures; however, these factors may significantly affect
the surgical procedure as well as the clinical outcome.

» In the absence of maternal complications and when maternal
safety is ensured, an EXIT procedure may proceed despite
significant obstetrical complications.

» An established and experienced multidisciplinary team with
extensive surgical planning is essential for the successful
completion of an EXIT procedure.

» A standard protocol for EXIT procedures should include a
preoperative walk-through to rehearse all the critical steps
for its successful completion.
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