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Abstract
Objective: To determine clinical characteristics in newborns with pulmonary or extra-pulmonary disease who undergo successful EXIT procedures at 
the Fetal Therapy Units of two reference centers in Bogota, Colombia.

Methodology: Descriptive case series study. Cases were defined as singleton pregnancies, with pulmonary or extra-pulmonary pathologies which 
caused obstruction in the fetal airway.

Results: Between 2006 and 2016, 54 patients underwent EXIT procedures. Results from prenatal diagnostic testing revealed the following: 27 
patients (50%) were diagnosed with diaphragmatic hernias, 15 patients (28%) with cystic adenomatous malformation, four patients (7.4%) with 
hydrothorax, three patients (5.5%) with bronchopulmonary sequestrations, three patients (5.5%) with cervical masses, one patient (1.8%) with 
micrognathia, and one patient (1.8%) with a Bronchogenic Cyst (QB). The average gestational age during the EXIT procedures was 37.2 ± 2.54 weeks 
(range 27-40 weeks). During ultrasound monitoring, 39 (61.1%) cases of fetal complications were reported, eight (14.8%) maternal complications 
during pregnancy, and seven (13%) maternal surgical complications during the EXIT procedure. Average time of EXIT procedures was 10.8 ± 5.29 
minutes (range 5-40 minutes) with an average hospital stay of 9.1 ± 8.5 days (range 1-39 days). The neonatal mortality rate was 60.3% (32/53 
patients).

Conclusion: The EXIT procedure guarantees an effective transition into the postnatal environment, considerably increasing the chances of survival 
for the fetus by re-treating a potential emergency into a controlled state.

Keywords: Airway management; Placental circulation; Fetal monitoring; Therapy

Introduction
Ex-utero Intrapartum Treatment procedure (EXIT) is a fetal 

transition therapy that sustains placental circulation until the airway 
is confirmed in fetuses with intrinsic obstruction or extrinsic airways. 
In this state, adaptation and neonatal resuscitation can be achieved 
[1], allowing a real emergency to be converted in to urgency by 
reducing rates of perinatal mortality and morbidity [2,3].

The EXIT procedure was first performed in 1997 and was initially 
developed to reverse the tracheal occlusion in fetuses with Congenital 
Diaphragmatic Hernias (CDH) [4]. Causes for performing the EXIT 
procedure have increased over time. Presently, it is still performed 
in CDH cases as well as ensuring the care of the fetal-placental 

circulation in intrinsic or extrinsic airway fetal pathologies which 
can impede ventilation at birth [5]. It is also applied in cases where 
neonatal reanimation may be at risk, as in a fetus with pulmonary 
masses, neck masses, congenital upper airways obstruction syndrome, 
intrathoracic masses, and unilateral pulmonary agenesis [6].

The EXIT procedure guarantees the uteroplacental gas exchange 
achieving hemodynamic stability under severe conditions of airway 
compression in the fetus, therefore, maximizing the chances of 
neonatal survival [3]. It is an innovative and promising technique in 
the initial approach to multiple neonatal pathologies. Nevertheless, the 
study as described so far has not created a regional characterization 
of patients undergoing the EXIT procedure. It has not reflected their 

https://www.sciforschenonline.org


 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Molina-Giraldo S,  Coral-Rosero A, Acuña-Osorio E, Rojas-Arias JL, Pinto-Quiñonez M, et al. (2019) Perinatal Outcome of 
Patients Undergoing Ex-Utero Intrapartum Therapy at the Fetal Therapy Units of Two Reference Centers in Bogota, Colombia. J Surg 
Open Access 5(5): dx.doi.org/10.16966/2470-0991.193

2

Journal of Surgery: Open Access
Open Access Journal

prenatal and postnatal behavior nor the impact of this practice on 
neonatal morbidity and mortality in our environment [3,7,8-12].

The aim of this study is to determine the clinical characteristics 
in newborns with pulmonary or extra-pulmonary diseases that 
underwent the EXIT procedure at a Fetal Therapy Unit (FTU) at either 
of the two reference centers in Bogota, Colombia.

Materials and Methods
A descriptive case series study was performed. Some patients 

were comprised of singleton pregnancies, with pulmonary or 
extrapulmonary pathologies that compromised the fetal airway. These 
patients were diagnosed prenatally and received prior monitoring 
by Maternal-Fetal Medicine (MFM) while undergoing the EXIT 
procedure at the FTU of Hospital San José and Clínica Materno 
Infantil de Colsubsidio of Bogota (Colombia) from 2006 to 2016.

Patients with sonographic suspicions and genetic diagnoses 
of aneuploidy, an associated malformation which is considered 
incompatible with life and multiple gestations were excluded. 
Sociodemographic, clinical (gynecological and obstetric), ultrasound 
(prenatal), intraoperative (maternal and fetal), maternal complications, 
and neonatal immediate postpartum periods were measured. As 
a result, the ratio of correct sonographic diagnoses versus postnatal 
findings was established.

Data was collected from clinical records of each FTU and from 
prospective identifications of cases referred by the specialists at the 
two reference centers. Rigorous prenatal monitoring of each case 
was done by MFM medical specialists at each unit. All patients 
that were identified prenatally by fetal ultrasound and Magnetic 
Resonance Imaging had appropriate diagnoses. Stringent records 
of fetal growth and variables were collected in accordance with 
institutional protocol for each disease (AFI-Amniotic Fluid Index, 
CVR-Congenital Pulmonary Airway Malformation Volume Ratio, 
LHR-Lung Area to Head Circumference Ratio, fetal welfare, and 
hemodynamic variables).

Each case was presented maternal and perinatal boards a week 
before the EXIT procedure. All cases that met the criteria at the time 
described were included. The qualitative variables are presented as 
absolute and relative frequencies and quantitative measures of central 

 

Figure 1: Fetal tracheal intubation under the support of the placenta during Ex-Utero Intrapartum Therapy (EXIT).

tendency and dispersion, according to data distribution. Statistical 
analysis was implemented in Stata 12. This study was approved by an 
ethics committee for research on humans with approval codes ICP-
2015-003 of the Colsubsidio Center for Health Research and CEISH 
022-2015 of the Fundación Universitaria de Ciencias de la Salud, 
Hospital de San José, where it was classified as an investigation with 
no potential risks.

A multidisciplinary team of specialists in MFM and fetal surgery, 
neonatology, anesthesiology, otolaryngology, critical and intensive 
adult care, psychiatry, and respiratory therapy, as well as nursing 
specialists with experience in obstetric and neonatal care, each 
contributed to their respective roles in each case study. During the 
EXIT procedure, the essential equipment required to perform: Fetal 
airway and neonatal ventilation, maternal hemodynamics and fetal 
monitoring, and neonatal monitoring and resuscitation [12,13], was 
provided and located in the same operating room.

Delivery was scheduled as close to the end of gestation as possible. 
Indications and characteristics of the procedure, as well as possible 
maternal and fetal risks from having the EXIT procedure performed 
were explained to expectant women. With their prior informed 
consent, the procedures were done within the protocols of each 
institution.

Before starting the surgical procedure the following was completed: 
Anesthetic assessment, administration of prophylactic antibiotic, 
surgical pause, and checklist review. Maternal monitoring included 
pulse oximetry, continuous electrocardiography, noninvasive 
monitoring of blood pressure, capnography [14], urine output, and 
body temperature control. All patients received general anesthesia 
protocols according to Kern C, et al. [15], Schwartz DA, et al. [16], and 
Bouchard S, et al. [3]. Anesthetic rapid sequence induction [5] was 
performed following the recommendations of Schwartz DA, et al. [16] 
and Marques MV, et al. [17]. After fetal extraction active management 
of placenta extraction was also performed [18].

All laparotomies were performed through Pfannenstiel’s suprapubic 
transverse incision with the exception of patients with previous 
cesarean incisions that had median infraumbilical. Transperitoneal 
segmental hysterotomy was performed with electrocautery. 
Hysterotomy with electrocautery is completed to the right and left 
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n (%)

Average maternal age ± SD (years) at 
diagnosis 27.1 ± 5.7

Gestations
One 23 (42.5)
Two 17 (31.4)
Three 9 (16.6)
Four 3 (5.5)
Five 1 (1.8)
Six 0 (0)
Seven 1 (1.8)

Abortions
One 9 (16.6)
Two 2 (3.7)
Three 1 (1.85)
None 42 (77.7)

Births
One 19 (35.1)
Two 7 (12.9)
Three 1 (1.8)
None 27 (50)

Caesarean Births
One 8 (14.8)
Two 2 (3.7)
None 44 (81.4)
Stillbirths
One 4 (7.4)
None 50 (92.5)

Ectopic pregnancy
One 3 (5.5)
None 51 (94.4)

Maternal history
Other fetal malformations in previous 
pregnancies 3 (5.5)

Medical 11 (20.3)
Toxic 3 (5.5)
Allergic 2 (3.7)
Pharmacologic 3 (5.5)
Family (pathological in general) 3 (5.5)
Relatives of other malformations 3 (5.5)
Mean gestational age ± SD (weeks) (range) 
at diagnosis 26.2 ± 6.2 (11-37)

Table 1: Epidemiological characteristics of the pregnant population.

n: number of women participants
SD: Standard Deviation

sides respectively between two Rochester clamps while attempting 
to not compromise the amniotic membranes. The uterine cavity is 
then entered and the procedure carries onto fetal extraction to the 
upper third of the thorax and upper extremities ensuring reduction 
of nuchal cords. Amnioinfusion of normal saline pre-warmed to 37 
degrees Celsius [14] was created, to ensure the stabilization of the 
proper amount of fluid in the uterine cavity (to avoid compression of 
the umbilical cord) and fetal body temperature.

To perform adequate fetal monitoring real time echocardiography 
was done similarly, pulse oximetry was performed throughout the 
procedure. Oxygen saturation and peripheral venous access were 
obtained. The fetus was medicalized with atropine intramuscularly 
(right shoulder) according to fetal heart rate (0.1 mg / kg) [14,16], 
with a maximum of three doses. According to the requirements of 
the procedure, fetal anesthesia was reinforced with an intramuscular 
injection of fentanyl (15 mg/kg) [14,19] and a muscle relaxant: 
vecuronium (0.1 mg/kg) [12,14]. With stable fetal hemodynamic 
parameters, otolaryngology accessed the fetal airway through direct 
laryngobronchoscopy in certain cases. Most, however, were intubated 
by neonatology through indirect laryngoscopy only (Figure 1) [3].

The procedure carries onto fetal extraction to the upper third of the 
thorax and upper extremities. Echocardiography in real time, oxygen 
saturation and a peripheral venous access were created. With stable 
fetal hemodynamic parameters, otolaryngology accessed the fetal 
airway through direct laryngobronchoscopy in certain cases, while 
most were intubated by neonatology through indirect laryngoscopy 
only. Also note that it is possible to administer some intramuscular 
medications to the fetus if necessary.

No case required use of rigid bronchoscopy or tracheotomy. 
Subsequently, the cord was ligated, and the newborn entered 
neonatology monitoring in accordance with the relevant behavioral 
characteristics of their underlying disease.

Fetal management was dependent on the clinical context of each 
case. During the neonatal adaptation, the following variables were 
taken into account: temperature control, oxygenation, immediate 
ventilation ensuring the airway through endotracheal intubation 
during EXIT, and circulatory surveillance with continuous non-
invasive monitoring (pulse oximetry in right hand and continuous 
echocardiogram) and subsequently invasive as required [13].

Results
In the period between 2006 and 2016, 54 patients underwent the 

EXIT procedure. The range of maternal age was between 14 and 41 
years. The general characteristics of the pregnant population are 
presented in table 1.

Of the fetuses undergoing the EXIT procedure, 35 (64.8%) were 
male and 18 (33.3%) female. The average gestational age at the time 
of EXIT was 37.2 ± 2.54 weeks (range 27-40 weeks). Eleven (20.3%) 
patients were born preterm (<37 weeks), four (7.4%) were born at 
week 36, two (3.7%) were born at week 35, two (3.7%) at week 33, and 
three (5.5%) were extreme preterm deliveries performed in weeks 29, 
28 and 27, respectively.

The entry into the uterine cavity did not have to be modified, since 
no placentas on the segment or area of incision were found. One case 
required the use of the external cephalic version of delivery for breech 
presentation. Fetal heart rate intra-EXIT averaged 137.9 ± 23 beats 
per minute (60-165 beats per minute). Fetal oxygen saturation through 
saturometry was on average 68 ± 10.6% (range 50%-96%), and the average 
birth weight was 2830 ± 612 grams (range 905 grams-4500 grams).

Postnatal fetal variables were calculated on a total number of 53 
cases (due to a newborn still hospitalized at the time of data analysis). 
The fetal mortality rate under the support of the placenta was 1.8% 
(n=1). There were no fetal complications related to EXIT.

The average hospital stay was 9.1 ± 8.5 days (range 1-39 days), 
with mechanical ventilation of 5.01 ± 4.9 days (range 1-23 days), 
and the stay in the neonatal intensive care unit at 6.44 ± 6.22 days 
(range 1-26 days). Of the total number of newborns, 92.4% (n=49) 
had comorbidities during hospitalization, mainly respiratory type. 
The percentage of overall neonatal mortality (death during the first 30 
days postnatal) was 60.3% (32/53 patients). Eight patients (15%) died 
within the first 24 hours of life.
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Sonographically, 24 hemidaphragm were of the left location (44.4%) 
and three (5.5%) of right location; One (1.8%) cystic adenomatous 
malformation (CAM) type I, six (11.1%) type II and eight (15%) 
plus one additional type III (1.8%) patient with hybrid mass; two 
(3.7%) hydrothorax rights and two (3.7%) left, two (4%) patients with 
Intralobar Bronchopulmonary Sequestration (IBS), one (1.8%) patient 
with Extralobar Bronchopulmonary Sequestration (EBS), three (5.5%) 
cervical masses, one (1.8%) fetus with micrognathia, and one (1.8%) 
fetus with BC. No patients with Congenital High Airway Obstruction 
Syndrome (CHAOS) were reported.

The mean gestational age at EXIT of each condition above is 
outlined in table 2. Access to the fetal airway was established under 
the support of the placenta in all cases. Five (9.2%) cases of difficult 
tracheal intubation were presented.

The mean surgical time from extraction of the fetal head to the cord 
clamping was 10.8 ± 5.29 minutes (range 5-40 minutes) (Table 2).

Postnatally, there were 24 (45.2%) cases of left hemidaphragm, three 
(5.7%) cases of right hemidaphragm, and two (3.8%) CAM type I, five 
(9.4%) CAM type II, and three (5.7%) CAM type III. There were also 
no cases of EBS, two (3.8%) cases of right hydrothorax, one (1.9%) of 
left hydrothorax, one (1.9%) case of QB, one (1.9%) case of pulmonary 
blastoma, and one (1.9%) micrognathia case was diagnosed.

The neonatal pathology mortality rate was 100% for newborns with 
micrognathia, bronchogenic cysts, and right hydrothorax; 50% (1/2) 
for hemidaphragm with a survival-to-hospital discharge of one patient 
with right hemidaphragm and two patients with left hemidaphragm. 
There were no deaths in newborns diagnosed with pulmonary 
blastoma and left hydrothorax (Table 3).

Eight (14.8%) cases of maternal complications occurred during 
pregnancy. Premature Rupture of Ovular membranes (PROM) 
occurred in five (9.26%) cases, all of them preterm with gestational 
ages between 27 and 36 weeks. Preterm labor in one (1.8%) at 33 
weeks, which required amnioreduction during fetal monitoring due 
to polyhydramnios. One (1.8%) case of early onset preeclampsia at 
28 weeks (fetus with cervical mass) and one case (1.8%) of HELLP 
syndrome at 27 weeks.

Seven (13%) cases of maternal surgical complications occurred 
during EXIT, and four (7.4%) cases of all secondary to uterine atony 
postpartum hemorrhage. No patient required a blood transfusion, 
hysterectomy, or obstetric course with hemodynamic instability.

Discussion and Conclusion
The EXIT procedure allows controlled handling of the fetal airway 

[19,20], while maintaining feto-placental circulation [19]. It decreases 
respiratory effort and prevents aerophagia [21], unlike conventional 
cesarean and vaginal deliveries [22], making it possible to maintain 
optimal fetal hemodynamics while running multiple additional 
procedures [19]. The EXIT procedure has been refined over time 
[12,23] and today it is a useful and novel technique with significant 
advances in pharmacological anesthetic technique induction and 
uterine relaxation and management of fetal drug and monitoring fetal 
hemodynamics [12]; which allows it to be a safe procedure allowing 
the work group may make surgical decisions with adequate maternal 
and fetal stability [24].

Most studies schedule the EXIT procedure as close to term as 
possible to avoid problems of prematurity [22,25]. Some specialists 
have scheduled EXIT at 36 weeks in lung pathology and beyond 37 
weeks for cervical pathologies [1]. The average gestational age of 

EXIT in our series was 37.2 ± 2.54 weeks (range 27-40 weeks) with an 
average similar to other similar series that were conducted at 34.6 ± 3.5 
weeks (range 27-40 weeks) [14].

In a case series reported by Hedrick, the main indication for EXIT 
was handling the airway in fetuses with large neck masses or CHAOS 
[14]. Our greatest indication for EXIT was handling the airway in 
patients with lung disease: 50% and 28% with hemidaphragm CAM, 
where neck masses represented only 7.4%, and no patient with 
CHAOS.

For fetuses with CAM in a series of five fetuses that were described 
at EXIT with a mean age 35.4 to 4.8 weeks (range 27-39 weeks) [8], 
the overall survival rate was 80% to 89% [8,14] with an average time 
of 63.8 minutes for the EXIT procedure (range 59-69 minutes) [14]. 
However, this includes the time used for resection of the lung mass. 
We describe a gestational age at EXIT for CAM at 36.2 ± 3.1 weeks 
(range 29-39 weeks) with most newborns born to term. With a shorter 
EXIT time, 8.6 ± 2.05 minutes (range 5-13 minutes), no mass resection 
was performed to any patient and had a survival rate of 90% (1/10 
cases), similar to that reported in the literature.

For hemidaphragm in developed countries, survival rates can reach 
64% to 80% to one year follow-up, with a described mean gestational 
age at EXIT of 37.5 ± 1.3 weeks (range 36-40 weeks), and the largest 
gestational age reported for the pathologies brought to EXIT [21]. In 
our series, a gestational age of 38.1 ± 0.8 weeks (36-40 weeks) at EXIT 
was found, all greater than 36 weeks, most close to term (>37 weeks), 
had a hospital stay of 6.1 ± 9 3 days (range 1-39 days) and remained 
in the intensive care unit for 4.8 ± 6.1 days (range 1-26 days), which 
was less time than in previous reports in which that could correspond 
to early mortality (first 24 to 48 hours of life) of 92.5% (25/27 cases).

For cervical masses, many cases are complicated by polyhydramnios 
at high risk of preterm labor and PROM [1]. In our series, we found 
that in 16 (25.8%) cases of polyhydramnios, most were associated with 
left hemidaphragm (6/16 cases) and CAM (4/16 cases) and 100% had 
cervical masses (n=3). The gestational age at EXIT in fetuses with neck 
masses varies between 34 and 36.1 weeks (range 31-40 weeks) [12,14].

In our series there are three cases of cervical masses with a survival 
rate of 33.3%, lower than reported, births between 28 and 38 weeks 
(median 33 weeks), two cases required prior amnioreduction; which 
is less than the average recorded in the literature which had an EXIT 
time of 13.6 ± 1.5 minutes (range 12-15 minutes). This group recorded 
the only case of intra EXIT mortality (1.8%), similar to the death rate 
reported in previous series in both percentage and fetal pathology 
associated [3].

We represent the largest series of pulmonary and extrapulmonary 
diseases reported in the literature and the only one developed in 
Colombia through a protocolled technique of uterine relaxation, 
analgesia, anesthesia and fetal monitoring. A surgical protocol with 
suprapubic transverse incision Pfannenstiel is posed, unlike the EXIT 
surgical protocol established from the criteria of a better surgical field 
with a medium infraumbilical incision [12].

The main limitations of the study are its descriptive nature and 
the sample size, in addition to the retrospective nature of some data 
collection. It is vital for future research to make a postnatal follow-up 
mid and long term, in order to establish a histopathologic correlation 
and to independently characterize the population who underwent the 
EXIT procedure.

In conclusion, the EXIT procedure is notoriously used to ensure 
an uteroplacentary gas exchange, with fetal hemodynamic stability 
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Prenatal pathology Number of patients (%) Gestational age at diagnosis 
± SD (weeks)

Gestational age at EXIT ± SD 
(weeks) range (weeks)

Mean EXIT time ± SD 
(minutes) range (minutes)

Diaphragmatic hernia
3.1.3

Right: 3 (4.8)
Left: 25 (43.3)

29.4 ± 5.1
Right: 31.6 ± 4.9
Left: 28.3 ± 6.4

Right: median 37 weeks
Left: 38.1 ± 0.8

(36-40)
9.9 ± 1.4 (8-13)

CAM 15 (24.2%) 22.7 ± 5.4 weeks 37 ± 2.4 (29-39) 8.6 ± 2.1 (5-13)

Hydrothorax 4 (6.5%) Median 24.5 35 ± 2.8 (27-37) 13.66 ± 1.5 (9-22)

Cervical mass 3 (4.8%) 25.6 ± 5.2 31 ± 5.1 (28-38) 13.6 ± 1.5 (12-15)

Table 2: Number of patients, gestational age and mean Ex-utero intrapartum therapy (EXIT) time for each prenatal fetal pathology.

SD: Standard Deviation

Postnatal pathology Number of 
patients (%)

Postnatal mortality 
rate (%)

Hospitalization days ± 
SD (days) range (days)

Mechanical ventilation days± 
SD (days) range (days)

NICU stay days ± SD 
(days) range (days)

Diaphragmatic hernia 
27 (44.2)

Right: 3 (4.9)
Left: 24 (39.3)

92.5 (25/27) 6.1 ± 9.3 (1-39) 5.01 ± 4.9 (1-23) 4.8 ± 6.1 (1-26)

CAM 10 (11.5) 10 (1/10) 16 ± 9.4 (2-29) 4.5 ± 5.4 (1-23) 6.9 ± 6.29 (1-26)

Hydrothorax
3 (4.9)

Law: 2 (3.3)
Left: 1 (1.6)

66.6 (2/3) 2.3 ± 0.57 2.3 ± 0.57 3.36 ± 1.52

Cervical masses 3 (4.9) 66.6 (2/3)
8 ± 4.2
(8-14)

8.5 ± 7.0
(3-14)

9.5 ± 6.3
(5-14)

Intralobar 
bronchopulmonary 
sequestration 

7 (11.5) 14.3 (1/7) 13 ± 8.3 6.57 ± 5.5 8.71 ± 6.29

Gastroschisis 8 0 4.25 ± 3.1 (2-11) 4.2 ± 5 (2-11) 10.4 ± 6 (5-24)

Table 3: Neonatal variables according postnatal pathology.

SD: Standard Deviation
NICU: Neonatal Intensive Care Unit
CAM: Cystic Adenomatous Malformation

during a variety of surgical procedures performed to ensure the fetal 
airway and a successful transition to the postnatal environment, while 
providing the ability to maximize the chances of survival for the 
fetus. Due to the fact that performing an EXIT procedure diverges 
a potential emergency into a controlled situation, the overall fetal 
prognosis appears to be highly dependent on the etiology, prematurity, 
and possible fetal and neonatal complications.
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