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Abstract

Introduction: The TOTAL trial showed survival benefit in
patients with severe congenital diaphragmatic hernia (CDH)
who underwent fetoscopic endoluminal tracheal occlusion
(FETO). We aim to add to the current literature by describing
implementation, feasibility, and outcomes of patients treated
with FETO compared to a contemporary cohort of expectantly
managed maternal-child dyads. Methods: A single-center,
retrospective cohort study evaluated patients with a

prenatal diagnosis of isolated left-CDH with an observed/
expected lung-to-head ratio (O/E LHR) <30% referred to our
center from September 2016 to January 2023. Results: Twelve
patients who underwent FETO were compared to 35 expec-
tantly managed patients. At initial evaluation, FETO patients
had a lower O/E LHR value (21.7% versus 24.9%) compared to
the expectant management patients. Chorioamniotic mem-
brane separation occurred in half of the FETO patients (6/12)
compared with 1 patient in the expectant management group
and most FETO patients (75.0%) experienced preterm prelabor
rupture of membranes compared to only 4 (11.4%) expectant
management patients. FETO patients had a lower median
gestational age at delivery compared to expectant manage-
ment patients (35.0 vs. 38.9 weeks). Fewer FETO patients were
treated with extracorporeal-membrane oxygenation (ECMO;
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25.0% vs. 60.0% expectant management). FETO patients also
had higher survival (91.7% vs. 71.4%) and longer duration of
hospitalization (135 vs. 94.8 days). At time of discharge, no
FETO patients required pulmonary hypertension (PH)
medications while 28.0% of expectant management
patients were on PH medications. Conclusion: FETO for se-
vere CDH was feasible in our single center setting. FETO may
increase risk of obstetric complications and prematurity, but
improved ECMO use, PH, and survival of infants with
severe CDH. © 2025 S. Karger AG, Basel

Introduction

Congenital diaphragmatic hernia (CDH) is a con-
genital anomaly that occurs in approximately 1 in
2,500 births, with left sided defects accounting for 85%
of cases [1, 2]. Herniation of the abdominal viscera
into the thoracic cavity impairs lung development,
leading to increased risk of death due to pulmonary
hypoplasia, pulmonary hypertension (PH), and car-
diac dysfunction [3]. Prenatal liver herniation and
observed to expected lung-to-head ratio (O/E LHR)
measurements are validated predictors of disease se-
verity, with an inverse relationship between O/E LHR
and mortality [4-8]. The survival rate for all prenatally
diagnosed CDH patients is approximately 70%, while
severe cases have a reported survival less than 25%
with traditional management [9]. Surviving patients
often suffer from gastrointestinal problems, respira-
tory complications, and orthopedic deformations, and
may also experience neurodevelopmental delay, ne-
cessitating multidisciplinary follow-up [10, 11]. While
improved surgical management, standardized care
guidelines, and specialized CDH programs have im-
proved outcomes, no postnatal treatment modality can
reverse the underlying pathogenesis of pulmonary
hypoplasia [12-14]. Therefore, prenatal intervention
was pursued with the goal to prevent or reverse pul-
monary hypoplasia.

In utero tracheal occlusion as a treatment for CDH
was developed from observations of excessive lung
growth due to alveolar fluid secretions that accumulate
in the lungs of fetuses with congenital high airway ob-
struction syndrome [12]. Early methods to achieve fetal
tracheal occlusion for CDH included tracheal ligation
during open fetal surgery. These treatments demon-
strated remarkable lung growth; however, growth was
inconsistent, and lungs did not function normally due to
procedure-associated prematurity and decreased func-
tion in type II pneumocytes [13, 14]. The fetoscopic

FETO vs. Expectant Management for
Severe CDH

endoluminal tracheal occlusion (FETO) technique was
developed to address these limitations [15]. In patients
with an isolated left-CDH and O/E LHR <25%, the
Tracheal Occlusion to Accelerate Lung Growth (TO-
TAL) trial demonstrated a survival rate of 40% in pa-
tients that received FETO compared to 15% among those
treated with expectant management [16]. Results re-
ported from centers in the USA also show increased
survival among the FETO group and describe the long-
term outcomes of patients that received FETO within
single and multicenter retrospective reviews [17-20].
Within the USA, short- and long-term morbidity out-
comes associated with FETO remain limited.

This study reports a single-center experience of FETO
in severe left-CDH patients and describes the im-
plementation and feasibility of FETO. We aim to add to
the current literature by describing maternal and neo-
natal outcomes of patients treated with FETO compared
to a contemporary cohort of expectantly managed
maternal-child dyads.

Materials and Methods

Study Cohort

This single-center, retrospective cohort study
evaluated all patients with a prenatal diagnosis of
CDH referred to the Richard D. Wood Jr. Center for
Fetal Diagnosis and Treatment (CFDT) at the Chil-
dren’s Hospital of Philadelphia (CHOP) with an
evaluation from September 2016 to January 2023
(Fig. 1). Comprehensive 2-day prenatal evaluation
includes a detailed fetal ultrasound, fetal magnetic
resonance imaging (MRI), and fetal echocardiogram,
as well as extensive maternal history and physical
examination. Following diagnostic imaging, patients
are counseled by a team of maternal-fetal medicine
specialists, pediatric surgeons, neonatologists, genetic
counselors, psychologists, social workers, and other
relevant specialties [21-23]. The multidisciplinary
team collaborates to determine maternal and fetal
eligibility for FETO.

In December 2014, the Food and Drug Administra-
tion (FDA) approved the use of the Goldbal2® balloon
and catheter for FETO at our institution under inves-
tigational device exemption (IDE) status. CHOP’s In-
stitutional Review Board (IRB) approved the feasibility
trial in July 2015, and the first case was performed in
December 2016. The criteria for FETO enrollment are
outlined by the FDA IDE submission (G140236) and IRB
approved protocol (IRB 15-011714). A multidisciplinary
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Fig. 1. Flow diagram of determination of FETO and expectant patients. *Excluded due to maternal factors
including pregnancy termination, delivery at another hospital, cervical length, and psycho/social limitations or
fetal factors including IUGR, IUFD, cardiac anomalies (VSD, TOF), genetic syndromes, lung lesions, and

multiple gestations.

group, independent of the procedure team, comprises
the Fetal Oversight Committee that approves each case
and annually reviews maternal and child outcomes.
Enrollment criteria varied over the study period. The
initial FDA investigational device exemption restricted
FETO to patients diagnosed with an isolated left-CDH,
intrathoracic liver, and O/E LHR of less than 25%. In
March 2017, based on internal survival analysis, a second
arm of the study was added to include patients with an
O/E LHR between 25 and 30%. In May 2019, TOTAL
trial investigators notified the institution of study that
interim analysis of their moderate arm failed to dem-
onstrate benefit for those with O/E LHR 25-34.9% and
urged centers to no longer offer the inventions in pa-
tients with O/E LHR >25% [24]. Therefore, out of an
abundance of caution, those with an O/E LHR greater
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than 25% and less than 30% were no longer offered
FETO at our institution after May 2021.

Additional inclusion criteria were consistent throughout
the study period: maternal age over 18 years carrying a
singleton pregnancy, normal fetal karyotype, and gesta-
tional age between 27 and 29 weeks 6 days at balloon
placement. Patients were not considered candidates for
FETO if there were maternal contraindications to feto-
scopic surgery including maternal medical conditions,
technical limitations precluding fetoscopic surgery, history
of latex allergy, history of preterm delivery or current
preterm labor, short cervix (<15 mm at enrollment),
psychosocial ineligibility, inability to remain at the FETO
site through delivery, or declined participation in long-term
follow-up. Patients that met all eligibility criteria but did not
receive FETO compose the expectant management group.

Land et al.
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Table 1. Patient characteristics by treatment group

FETO (N = 12) Expectant management Overall (N = 47)
(N = 35)
Race/ethnicity
Non-Hispanic White 10 (83.3) 16 (45.7) 26 (55.3)
Non-Hispanic Black 0 (0) 7 (20.0) 7 (14.9)
Multi-racial/other 1(8.3) 4 (11.4) 5(10.6)
Hispanic/Latino 1(8.3) 8 (22.9) 9 (19.1)
Health insurance at birth, n (%)
Commercial 11 (91.7) 20 (57.1) 31 (66.0)
Government 0 (0) 12 (34.3) 12 (25.5)
Self pay 1 (8.3) 3 (8.6) 4 (8.5)

Maternal age at child’s birth
Median [Q1, Q3]

31.0 [29.9, 33.6]

28.7 [24.7, 34.1] 30.6 [25.3, 34.1]

Total number of pregnancies, including current, n (%)

1 3 (25.0) 9 (25.7) 12 (25.5)

2 4 (33.3) 14 (40.0) 18 (38.3)

3+ 5 (41.7) 12 (34.3) 17 (36.2)
Total number of live births, including current, n (%)

Nulliparous 8 (66.7) 13 (37.1) 21 (44.7)

1 1(8.3) 14 (40.0) 15 (31.9)

2+ 3 (25.0) 8 (22.9) 11 (23.4)

Maternal BMI at first visit
Median [Q1, Q3]

28.4 [27.1, 32.6]

28.8 [26.4, 34.8] 28.8 [26.6, 34.4]

Gestational age at initial evaluation (weeks)

22.5[22.2, 234]

23.6 [22.3, 25.0] 23.3 [22.2, 25.0]

O/E LHR: trace or AP
Median [Q1, Q3]

21.7 [21.4, 23.6]

24.9 [22.9, 27.8] 24.5 [21.7, 27.2]

MRI O/E TLV
Median [Q1, Q3]

29.8 [23.9, 34.5]

24.0 [21.5, 32.0] 26.0 [21.5, 32.0]

Year of delivery, n (%)

2017 5 (41.7) 2 (5.7) 7 (14.9)
2018 0 (0) 6 (17.1) 6 (12.8)
2019 1(8.3) 5(14.3) 6 (12.8)
2020 2 (16.7) 11 (31.4) 13 (27.7)
2021 2 (16.7) 4(11.4) 6 (12.8)
2022 1(8.3) 4(11.4) 5(10.6)
2023 1(8.3) 3 (8.6) 4 (8.5)

BMI, body mass index; O/E LHR, observed to expected lung-to-head ratio; O/R TLV, observed to expected total lung volume.

O/E LHR was measured by a fetal radiologist, inde-
pendent of the procedural team. The trace method was
preferred for the O/E LHR ultrasound measurement [25]. If
the trace method was not conducted, the AP method was
used for eligibility [6]. MRI O/E total lung volumes were
calculated using the Meyers standards [26]. Poly-
hydramnios was defined using the Society for Maternal-
Fetal Medicine guideline [27]. Prenatal and neonatal clinical
management of both FETO and expectant management
patients have been previously described by Wild et al. [28].

FETO vs. Expectant Management for
Severe CDH

Statistical Methods

Data were collected and validated using the Clinical
Outcomes Data Archive [29]. This retrospective study
was approved by the Institutional Review Board at the
Children’s Hospital of Philadelphia (IRB 21-018553).
Continuous variables were summarized as mean (stan-
dard deviation) or as median (interquartile range) based
on the distribution of the data, and categorical data were
summarized as frequencies. Due to the small sample size
and the descriptive nature of this study, all comparisons
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Fig. 2. Prenatal timeline of FETO patients.

between groups were based on observational frequency
differences and no formal statistical comparisons were
conducted.

Results

Demographics

Within the study period, 12 patients underwent
FETO, and 35 were expectantly managed. Patient
characteristics are displayed in Table 1. Both FETO and
expectant management patients were predominantly
White race, non-Hispanic ethnicity, and had commercial
insurance. The median maternal age at delivery was
slightly older for FETO versus expectant management
patients (31.0 and 28.7 years, respectively). At first
evaluation, FETO patients had a lower median O/E LHR
(21.7% versus 24.9%), but higher MRI O/E total lung
volume (29.8% versus 24.0%) than expectant manage-
ment patients.

Procedure

FETO patients underwent several ultrasounds prior to
enrollment to confirm inclusion criteria (Fig. 2). The
median O/E LHR prior to balloon insertion was 20.6%, at
median gestational age of 29.6 weeks. In six (50.0%)
procedures, the trocar was inserted into the lower uterine
segment, 3 (25.0%) in a mid-uterine location, and 3
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(25.0%) in an upper uterine quadrant. The median total
time that the trocar remained inserted was 22 min, with 6
(50.0%) patients have a trocar insertion time between 11
and 20 min, 2 (16.7%) between 21 and 30 min, and 4
(33.3%) >30 min. An amnioinfusion occurred during 8
(66.7%) of the procedures, and an amnioreduction oc-
curred in 5 (41.7%) procedures. All balloons were suc-
cessfully removed from the trachea. Ultrasound guided
needle puncture was attempted in 3 cases, but successful
in only 1. Six (50.0%) patients underwent fetoscopic
balloon removal before delivery. Two patients under-
went balloon removal by bronchoscopy at Ex-utero
intrapartum treatment (EXIT), and 3 underwent bal-
loon removal by bronchoscopy during delayed cord
clamping at cesarean delivery (modified C-section)
(Table 2). Fetoscopic balloon removal was completed at a
median of 35 days after insertion and most fetuses
(91.7%) were in vertex position at balloon removal. The
trocar remained in utero for a median of 13 min, and the
median duration from balloon removal to birth was 10.5
days. As reported in Figure 3a and b, O/E LHR values of
the fetuses improved substantially in all but 1 of the
FETO patients.

Maternal Outcomes

All FETO patients had an antepartum hospitali-
zation, with a median cumulative duration of 10.5
days. Expectant management patients had a lower

Land et al.
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Table 2. FETO procedure
characteristics

Overall (N = 12)

Balloon insertion

LHR O/E: trace or AP prior to FETO insertion

Median [Q1, Q3]

20.6 [19.3, 21.8]

GA at insertion, weeks

Median [Q1, Q3]

29.6 [29.0, 30.1]

Prenatal position at balloon insertion, n (%)

Breech 7 (58.3)

Vertex 4 (33.3)

Transverse 1(8.3)
Trocar location, n (%)

Lower uterine segment 6 (50.0)

Mid 3 (25.0)

Upper uterine quadrant 3 (25.0)

Total time trocar remained in utero during insertion, min

Median [Q1, Q3]

22.0 [18.8, 47.3]

11-20 min 6 (50.0%)

21-30 min 2 (16.7%)

>30 min 4 (33.3%)
Amnioinfusion performed during insertion, n (%) 8 (66.7)
Amnioreduction performed during insertion, n (%) 5 (41.7)

Amnioinfusion volume, mL

Median [Q1, Q3]

650 [525, 1,010]

Amnioreduction volume, mL

Median [Q1, Q3]

500 [400, 1,750]

Balloon removal

Balloon removal route: successful attempt, n (%)

Bronchoscopy 5(41.7)

Fetoscopic 6 (50.0)

Ultrasound guided needle puncture 1(8.3)
Fetal position at successful balloon removal, n (%)

Breech 1(8.3)

Vertex 11 (91.7)
Among fetoscopic balloon removals n==6

Total time of occlusion, days

Median [Q1, Q3]

35.0 [31.3, 35.8]

Time from removal to delivery, days

Median [Q1, Q3]

10.5 [4.25, 18.3]

Total time trocar remained in utero during successful balloon removal, min

Median [Q1, Q3]

13.0 [12.3, 20.5]

frequency of antepartum hospitalizations (22.9%)
with a shorter median duration (1 day). Cho-
rioamniotic membrane separation occurred in half of
the FETO patients (6/12) compared with 1 patient in
the expectant management group. Most FETO pa-
tients (75.0%) experienced preterm prelabor rupture
of membranes (PPROM) compared to only 4 (11.4%)

FETO vs. Expectant Management for
Severe CDH

expectant management patients. Polyhydramnios was
present in both FETO (66.7%) and expectant man-
agement patients (74.3%). Ten (83.3%) FETO patients
delivered by cesarean, and 2 (16.7%) by EXIT com-
pared to 13 (37.1%) cesarean and 22 (62.9%) vaginal
deliveries in the expectantly managed patients
(Table 3).
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Fig. 3. Prenatal O/E LHR over pregnancy duration for expectant management group (a) and FETO group (b).

Among FETO patients, cesarean delivery was indi-
cated in 5 cases due to tracheal occlusion, 4 for non-
reassuring fetal status, prior history of cesarean delivery
in 2, and 1 failed trial of labor. Cesarean delivery was
performed in the expectant management group in 6 cases
for non-reassuring fetal status, 5 due to history of prior
cesarean delivery, 1 for arrest of dilation, and 1 for
malpresentation. Surgical delivery complications such as
uterine atony and blood transfusion occurred in 41.6%
and 2.9% of FETO and expectant management patients,
respectively. In FETO patients with uterine atony, 1 case
occurred during modified cesarean delivery using de-
layed cord clamping to facilitate balloon removal. The
additional 3 cases occurred in routine cesarean deliveries
status post fetoscopic balloon removal. One patient re-
ceived a blood transfusion during modified cesarean
delivery using placental bypass to facilitate emergency
balloon removal and the other for postpartum hemor-
rhage in cesarean delivery status post fetoscopic balloon
removal. No surgical delivery complications were ob-
served in patients that delivered via EXIT (Table 3).

638 Fetal Diagn Ther 2025;52:632-643
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Neonatal Outcomes

Fewer FETO patients were treated with extracorporeal-
membrane oxygenation (ECMO) (25.0% vs. 60.0% ex-
pectant management). FETO patients had higher survival
(91.7%) at the time of NICU discharge than those with
expectant management (71.4%). For those that survived
to NICU discharge, the median duration of invasive
ventilation (79 vs. 40 days), noninvasive ventilation (62 vs.
25.5 days), and hospitalization (135 vs. 94.8 days) was
longer among FETO patients than those expectantly
managed, respectively. At time of discharge, no FETO
patients required PH medications while 28.0% of ex-
pectant management patients were on PH medica-
tions. All FETO patients were discharged on reflux
medications and a feeding tube. Seventy-two and
88.0% of expectant management patients were dis-
charged with reflux medications and a feeding tube,
respectively. A higher percentage of FETO patients
were discharged with respiratory support; however,
only 1 patient required supplemental oxygen therapy
greater than 2L nasal cannula while 5 expectant

Land et al.
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Table 3. Maternal outcomes by treatment group

FETO (N = 12) Expectant management Overall (N = 47)
(N = 35)
Mode of delivery, n (%)

Cesarean section 10 (83.3) 13 (37.1) 23 (48.9)

EXIT 2 (16.7) 0 (0) 2 (4.3)

Vaginal 0 (0) 22 (62.9) 22 (46.8)
Chorioamniotic membrane separation, n (%) 6 (50.0) 1(2.9) 7 (14.9)
Premature prelabor rupture of membranes, n (%) 9 (75.0) 4 (11.4) 13 (27.7)
Antepartum admission, n (%) 12 (100) 8 (22.9) 20 (42.6)

Total duration of antepartum admission, days
Median [Q1, Q3]

10.5 [4.75, 21.5]

1.00 [0.25, 2.00]

1.00 [1.00, 3.50]

GA at delivery
Median [Q1, Q3]

Polyhydramnios, n (%)

35.0 [34.3, 36.8]
8 (66.7)

38.9 [38.3, 39.5]
26 (74.3)

38.5 [35.4, 39.3]
34 (72.3)

Maximum AFIl, cm
Median [Q1, Q3]

24.0 [22.4, 30.7]

27.5 [23.5, 29.7]

27.0 [23.0, 30.2]

Indication for surgical delivery, n (%)?

Failed induction of labor 1(8.3) 0 (0) 1(2.1)
Non-reassuring fetal status 4 (33.3) 6 (17.1) 10 (21.3)
Obstructed airway 5(41.7) 0 (0) 5(10.6)
Repeat cesarean 2 (16.7) 5(14.3) 7 (14.9)
Arrest of dilation 0 (0) 1(2.9) 1(2.1)
Fetal position 0 (0) 1(2.9) 1(2.1)
Surgical delivery complications, n (%)?

None 7 (58.3) 12 (34.3) 19 (40.4)
Blood transfusion 1(8.3) 0 (0) 1(2.1)
Blood transfusion and uterine atony 1(8.3) 0 (0) 1(2.1)
Uterine atony 3 (25.0) 1(2.9) 4 (8.5)

#Values less than total due to vaginal delivery.

management patients required continuous positive
airway pressure (CPAP/BiPAP), and one required a
tracheostomy (Table 4).

Discussion

This single-center study demonstrates the successful
incorporation of FETO into our management of severe
CDH patients. Although a higher proportion of patients
in the FETO group had a premature birth and Cesarean
section, critical outcomes of neonatal survival and
successful CDH repair were high for all patients and
more frequent among the FETO group. Additionally,
ECMO utilization and PH medication at discharge were
lower in FETO patients than a contemporary cohort of
expectant management patients.

FETO vs. Expectant Management for
Severe CDH

Multicenter European and US FETO studies reported
PPROM rates of 48% and 54%, respectively, while our
study reported PPROM in 9 of 12 (75%) cases [16, 19].
Compared to the TOTAL trial, our patients also expe-
rienced chorioamniotic membrane separation more
frequently. Our higher incidence of PPROM and
membrane separation may be attributable to operative
duration. Four cases had operative times >30 min, which
has been associated with higher PPROM rates following
FETO [30].

Despite higher rates of PPROM and chorioamniotic
membrane separation, the same median gestational age
at delivery (35 weeks) was observed as both USA and
international multicenter studies [16, 19]. Emergent
balloon removal was required in 42% of our reported
cases. Similarly, 52% of infants in the original clinical
trial of FETO required emergent balloon removal [30].

Fetal Diagn Ther 2025;52:632-643 639
DOI: 10.1159/000546160

920z Atenigad 0 uo Jasn elueAjAsuuad jo Ausseaun Ag jpd 09195000/ 0866€F/2€9/9/2G/Pd-Blo1LE/AP)/WOD"19BIEY//:dRY WOl papeojumoq



Table 4. Neonatal outcomes by treatment group

FETO (N = 12) Expectant management Overall (N = 47)
(N = 35)
ECMO, n (%) 3 (25.0) 21 (60.0) 24 (51.1)
CDH repair, n (%) 12 (100) 31 (88.6) 43 (91.5)
Survival to NICU discharge, n (%) 11 (91.7) 25 (71.4) 36 (76.6)

Among survivors

Duration of invasive ventilation, days

Median [Q1, Q3] 49.0 [40.5, 64.0]

40.0 [32.0, 46.0] 41.0 [30.5, 49.0]

Duration of noninvasive ventilation, days

Median [Q1, Q3] 64.0 [27.5, 97.0]

26.5 [20.0, 62.5] 32.0 [21.0, 92.0]

Length of hospitalization, days

Median [Q1, Q3] 135 [103, 166]

94.8 [75.8, 150] 109 [76.9, 162]

Discharge on PH medications, n (%)

No 11 (100) 18 (72.0) 29 (80.6%)
Yes 0 (0) 7 (28.0) 7 (19.4%)
Discharge on reflux medications, n (%)
Yes 11 (100) 18 (72.0) 29 (80.6%)
No 0 (0) 7 (28.0) 7 (19.4%)
Discharge route of feeding, n (%)
PO 0 (0) 3(12.0) 3 (8.3%)
NG tube 4 (36.4) 12 (48.0) 16 (44.4%)
G tube 4 (36.4) 7 (28.0) 11 (30.6%)
GJ tube 2 (18.2) 3(12.0) 5 (13.9%)
NJ tube 1(9.1) 0 (0) 1 (2.8%)
Discharge respiratory support, n (%)
None 5 (45.5) 18 (72.0) 23 (63.9%)
<2 L nasal cannula 5 (45.5) 1 (4.0) 6 (16.7%)
CPAP/BIiPAP 1(9.1) 5 (20.0) 6 (16.7%)
Tracheostomy 0 (0) 1 (4.0) 1 (2.8%)

For infants requiring emergent balloon removal at the
time of delivery, EXIT procedure is generally preferred.
However, delivery and balloon removal plans are indi-
vidualized based on the method deemed safest for each
maternal-fetal dyad. Emergent balloon removal requires
an experienced multidisciplinary team, including the
presence of maternal-fetal medicine specialists, pediatric
surgeons, otolaryngologists, neonatologists, and anes-
thesiologists [31]. Our institution has implemented
ongoing emergent balloon removal simulation exercises
to maintain skills and aid in communication.
Consistent with prior reports, mothers experience
more obstetric complications after undergoing FETO
compared to expectant management. Reducing ob-
stetric complications and prematurity remain an area
for improvement. Minimizing in utero instrumenta-
tion time has been associated with reduced compli-
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cations in fetal surgery [30]. Team experience and
proficiency in fetoscopic surgery may impact operative
time, however, given the rarity of CDH and strict el-
igibility criteria, most high-volume centers perform
only a handful of cases per year. Regardless of surgeon
experience, fetal positioning also largely dictates the
method and duration of both balloon insertion and
removal. Even with the assistance of expert maternal-
fetal medicine specialists and perfect alignment of a
placental-free window, the fetal airway may be difficult
to access, resulting in several insertion/removal at-
tempts. Ultrasound guided needle puncture and de-
velopment of novel tracheal occlusion devices (such as
the Smart-TO balloon) hold the greatest potential to
reduce obstetrical complications and prematurity as-
sociated with FETO by eliminating the need for in-
vasive balloon removal [32].

Land et al.
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This study demonstrated that despite the increased
obstetrical complications and prematurity, neonates that
underwent FETO realized benefits that include a reduced
use of ECMO and discharge without medications for PH.
These findings are consistent with a previous multicenter
US-based study which reported a reduction in ECMO
use from 52% in expectant management to 36% amongst
FETO patients [19]. In our study, FETO patients
demonstrated an increase in survival compared to ex-
pectant management patients (91.7% versus 71.4%).
However, the scale of increased survival (40% versus
15%) demonstrated by patients in the treatment versus
expectant management arm of the TOTAL trial was not
appreciated. This is likely attributable to a difference in
neonatal management at our center. Specifically, ECMO
was used more frequently in this study compared with
the TOTAL trial (25% vs. 5% FETO; 60% vs. 29% ex-
pectant management). Additionally, 91.5% of patients in
our study underwent defect repair compared to only 44%
of patients in TOTAL regardless of treatment arm [16].
These findings, and those supported by other US studies,
suggest that the benefits of FETO in North American
institutions are primarily related to the reduction in
morbidity associated with ECMO and PH, with a smaller
decrement in mortality [18, 19, 33].

This study describes the initiation of FETO and
maternal-child outcomes from a single high-volume North
American fetal center. Study strengths include its ability to
compare granular data of patients treated with FETO in the
USA to a robust contemporary expectant management
group. However, given the limited sample size, the study
was not powered to conduct formal statistical analysis or
control for potential confounding variables such as race or
insurance status. Additional limitations include its retro-
spective single-center nature and change in FETO en-
rollment criteria over the study period restricting gener-
alizability. Additionally, despite the extensive inclusion
criteria, severe CDH still appears to be a heterogenous
diagnosis as not all patients responds to tracheal occlusion.
Further research should focus on identifying biological
characteristics of FETO “non-responders.” Longer term
follow-up of neurodevelopmental outcomes will also be
important to assess the impact of prenatal interventions
and prematurity [34].

Conclusion
FETO for severe CDH was feasible in our single-

center setting. Given the attendant increased risk of
obstetric complications and prematurity, we recom-

FETO vs. Expectant Management for
Severe CDH

mend that FETO be offered in high-volume centers
with experience in fetal surgery, the capacity to re-
move the balloon emergently, and familiarity with the
complex medical needs of neonates with CDH.
Multidisciplinary teamwork is essential in caring for
the complex medical and psychosocial needs of pa-
tients undergoing FETO both before and after
delivery.
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