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Fetoscopic Endoluminal Tracheal Occlusion
for Severe, Left-Sided Congenital
Diaphragmatic Hernia
The North American Fetal Therapy Network Fetoscopic
Endoluminal Tracheal Occlusion Consortium Experience

Eric Bergh, MD, Ahmet A. Baschat, MD, Magdalena Sanz Cortes, MD, PhD, Holly L. Hedrick, MD,,
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and Anthony Johnson, DO

OBJECTIVE: To report the outcomes of fetoscopic en-

doluminal tracheal occlusion in a multicenter North

American cohort of patients with isolated, left-sided

congenital diaphragmatic hernia (CDH) and to compare

neonatal mortality and morbidity in patients with severe

left-sided congenital diaphragmatic hernia who under-

went fetoscopic endoluminal tracheal occlusion with

those expectantly managed.

METHODS: We analyzed data from 10 centers in the

NAFTNet (North American Fetal Therapy Network) FETO

(Fetoscopic Endoluminal Tracheal Occlusion) Consor-

tium registry, collected between November 1, 2008,

and December 31, 2020. In addition to reporting

procedure-related surgical outcomes of fetoscopic en-

doluminal tracheal occlusion, we performed a compar-

ative analysis of fetoscopic endoluminal tracheal

occlusion compared with contemporaneous expectantly

managed patients.

RESULTS: Fetoscopic endoluminal tracheal occlusion

was successfully performed in 87 of 89 patients (97.8%).

Six-month survival in patients with severe left-sided

congenital diaphragmatic hernia did not differ signifi-
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cantly between patients who underwent fetoscopic

endoluminal tracheal occlusion and those managed

expectantly (69.8% vs 58.1%, P5.30). Patients who under-

went fetoscopic endoluminal tracheal occlusion had

higher rates of preterm prelabor rupture of membranes

(54.0% vs 14.3%, P,.001), earlier gestational age at deliv-

ery (median 35.0 weeks vs 38.3 weeks, P,.001), and

lower birth weights (mean 2,487 g vs 2,857 g, P5.001).
On subanalysis, in patients for whom all recorded

observed-to-expected lung/head ratio measurements

were below 25%, patients with fetoscopic endoluminal

tracheal occlusion required fewer days of extracorporeal

membrane oxygenation (ECMO) (median 9.0 days vs 17.0

days, P5.014).

CONCLUSION: In this cohort, fetoscopic endoluminal

tracheal occlusion was successfully implemented across

several North American fetal therapy centers. Although

survival was similar among patients undergoing feto-

scopic endoluminal tracheal occlusion and those expec-

tantly managed, fetoscopic endoluminal tracheal

occlusion in North American centers may reduce mor-

bidity, as suggested by fewer days of ECMO in those

patients with persistently reduced lung volumes

(observed-to-expected lung/head ratio below 25%).

(Obstet Gynecol 2024;143:440–8)

DOI: 10.1097/AOG.0000000000005491

The prevalence of congenital diaphragmatic hernia
has been reported as 1–4 cases per 10,000 live

births, of which 30–50% are not isolated.1,2 Poor out-
comes in infants with severe pulmonary hypoplasia
and hypertension attributable to congenital diaphrag-
matic hernia drove the development of fetal interven-
tions for this condition.3,4 Fetoscopic endoluminal
tracheal occlusion has been proposed as a minimally
invasive method to improve fetal lung growth and
infant survival.5,6

The lack of robust evidence supporting fetoscopic
endoluminal tracheal occlusion for congenital dia-
phragmatic hernia has precluded its adoption as a
standard of care. The TOTAL (Tracheal Occlusion to
Accelerate Lung Growth) trial is the largest random-
ized controlled trial to evaluate outcomes of feto-
scopic endoluminal tracheal occlusion compared with
expectant management for isolated left-sided congen-
ital diaphragmatic hernia.7–9 This trial, conducted pre-
dominantly in European centers, reported better
survival with fetoscopic endoluminal tracheal occlu-
sion in patients with severe left-sided congenital dia-
phragmatic hernia.7 These findings remain
controversial, however. Some argue that they are
not generalizable to centers where postnatal manage-
ment includes centralized care and liberal use of extra-

corporeal membrane oxygenation (ECMO).10 Others
contend that outcomes for severe left-sided congenital
diaphragmatic hernia have improved in North Amer-
ican centers over the past decade, so fetoscopic endo-
luminal tracheal occlusion may provide less of a
survival benefit over expectant management in these
centers.11 Therefore, further investigation of feto-
scopic endoluminal tracheal occlusion outcomes in
different care settings is warranted.

In this study, we 1) report procedural outcomes in
a North American cohort of patients with prenatally
diagnosed left-sided congenital diaphragmatic hernia
treated with fetoscopic endoluminal tracheal occlu-
sion and 2) compare neonatal mortality and morbidity
in patients with severe left-sided congenital diaphrag-
matic hernia who underwent fetoscopic endoluminal
tracheal occlusion with those who were expectantly
managed.

METHODS

This was a collaborative study performed at 10 centers
of the NAFTNet (North American Fetal Therapy
Network). Principal investigators at each center had
performed more than 36 fetoscopies a year, and
centers had an active pediatric management pro-
gram.10 Principal investigator training included obser-
vation and participation in 15 procedures at
established fetoscopic endoluminal tracheal occlusion
centers. All centers had institutional or ethics board
approval and, in the United States, operated under an
investigational device exemption by the Food and
Drug Administration.

In 2015, NAFTNet established the FETO (Feto-
scopic Endoluminal Tracheal Occlusion) Consortium
Registry, a prospective REDCap-based registry for
patients with congenital diaphragmatic hernia man-
aged at NAFTNet FETO centers. This registry
includes data collected prospectively from November
2008 to December 2020. Seven of the NAFTNet
centers performing fetoscopic endoluminal tracheal
occlusion were enrolled in a prospective feasibility
study initiated in 2015 under a shared investigational
device exemption with the purpose of participating in
the TOTAL trial. Fetoscopic endoluminal tracheal
occlusions were also performed before the establish-
ment of the FETO Consortium Registry in two
centers operating under separate investigational
device exemptions and at a Canadian center that
obtained research ethics board FETO approval in
2010. These prospectively collected data were entered
retrospectively into the FETO Consortium Registry
after 2015. The registry also includes 14 cases that
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have been reported previously in two feasibility
studies and in the TOTAL trial.7–9,12,13

Centers submitted data on singleton pregnancies
between November 1, 2008, and December 31, 2020,
that met the inclusion criteria for fetoscopic endolu-
minal tracheal occlusion: any isolated severe or
moderate-sized, left-sided congenital diaphragmatic
hernia diagnosed after 18 weeks of gestation with a
normal karyotype or chromosomal microarray.
Patients were offered expectant management or feto-
scopic endoluminal tracheal occlusion, according to
preference. Lung volumes were measured after 20 0/7
weeks of gestation with ultrasound trace of the
observed-to-expected lung/head circumference ratio,
longest axis, or midclavicular anterior–posterior
techniques. An observed-to-expected lung/head ratio
below 25% was defined as severe and 25–34.9% as
moderate.7,8 Patient demographics, prenatal imaging,
antenatal operative, delivery, neonatal variables, post-
natal repair, and neonatal intensive care unit course
were extracted from the medical record. Per protocol,
patient race was extracted from the medical record
and included for comparison with previous trials. Pro-
cedural data for the entire cohort were analyzed sep-
arately and in addition to the comparative analysis,
which was limited to patients with isolated severe con-
genital diaphragmatic hernia.

Fetoscopic endoluminal tracheal occlusion for
left-sided congenital diaphragmatic hernia was per-
formed between 27 0/7 and 29 6/7 weeks of gestation
for severe cases and between 30 0/7 and 31 6/7 weeks
of gestation for moderate cases, per the study pro-
tocol. Patients with a later diagnosis of severe left-
sided congenital diaphragmatic hernia with fetoscopic
endoluminal tracheal occlusion after 29 6/7 weeks of
gestation and those who were expectantly managed
with initial assessment after 29 6/7 weeks were
included in an intention-to-treat analysis. Apart from
15 cases at two institutions using the NFocus Gold-
valve balloon, the BALT GOLDBAL2 system was
used for fetoscopic endoluminal tracheal occlusion
(www.balt.fr). Fetoscopic endoluminal tracheal occlu-
sion removal was performed between 34 0/7 and 34
6/7 weeks of gestation by fetoscopy, percutaneous
ultrasound-guided needle puncture, or bronchoscopy
at ex utero intrapartum treatment (EXIT) or after
umbilical cord clamping and transection.

Among the entire cohort in the registry, feto-
scopic endoluminal tracheal occlusion procedural
outcomes measured included gestational age at inser-
tion and removal, procedure success, anesthesia,
removal technique, duration of occlusion, delivery
within 24 hours of removal, preterm prelabor rupture

of membranes (PPROM) within 3 weeks of fetoscopic
endoluminal tracheal occlusion, and gestational age at
delivery. Among a cohort of patients with isolated
severe congenital diaphragmatic hernia, comparative
analysis of 6-month survival in fetoscopic endolumi-
nal tracheal occlusion compared with expectant
management was performed. Secondary outcomes
included incidence of PPROM before 37 weeks of
gestation; gestational age at PPROM and delivery;
neonatal birth weight; congenital diaphragmatic her-
nia repair details; ECMO use and duration; neonatal
intensive care unit stay; rates of intraventricular
hemorrhage, sepsis, necrotizing enterocolitis, and
periventricular leukomalacia; and fetoscopic endolu-
minal tracheal occlusion operative data.

Statistical analysis was performed with R 4.1.0.14

Data are reported as number (percent), mean6SD, or
medians and interquartile ranges or ranges
(minimum–maximum), as appropriate. Appropriate
parametric and non-parametric tests were used to
analyze continuous data. Categorical data were ana-
lyzed using x2 or Fisher exact tests, as appropriate.
P,.05 indicated significance.

RESULTS

A total of 447 patients were entered into the registry.
Eighty-nine underwent fetoscopic endoluminal tra-
cheal occlusion, and 358 were managed expectantly.
Appendix 2, available online at http://links.lww.com/
AOG/D534, lists 6-month survival among severe
cases, ECMO use, and total case volume per center.
Appendix 3, available online at http://links.lww.com/
AOG/D534, lists procedural details of all fetoscopic
endoluminal tracheal occlusion, severe and moderate,
for all 10 centers.

The median gestational age at fetoscopic endolu-
minal tracheal occlusion was 28.7 weeks (range 26.3–
31.4 weeks) in the severe group and 28.9 weeks (range
25.7–31.4 weeks) in the moderate group. In the severe
group, two patients had fetoscopic endoluminal tra-
cheal occlusion placed after 29 6/7 weeks of gestation;
in the moderate group, 13 had fetoscopic endoluminal
tracheal occlusion placed at or before 29 6/7 weeks.
There were two failed fetoscopic endoluminal tracheal
occlusion placements: one attributable to inability to
enter the trachea and one with the balloon malposi-
tioned within the right mainstem bronchus. In all
other cases (n587), the balloon was placed success-
fully at the first procedure.

Fetoscopic endoluminal tracheal occlusion
removal in severe and moderate cases occurred at a
median gestational age of 34.0 weeks (range 30.6–37.6
weeks) and 34.0 weeks (range 29.4–36 weeks),
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respectively. Removal was fetoscopic (n553, 61.6%),
percutaneous ultrasound-guided puncture (n516,
18.6%), or at EXIT (n515, 16.3%). Five patients
required EXIT after failed fetoscopic removal
(n54) or ultrasound-guided puncture (n51). Median
latency from fetoscopic endoluminal tracheal occlu-
sion placement until removal was 36 days (range 14–
63 days) in the severe and 31 days (5–63 days) in the
moderate group. Twelve patients (13.5%) experi-
enced PPROM within 3 weeks of fetoscopic endolu-
minal tracheal occlusion placement. In 24 patients
(27.9%), delivery occurred within 24 hours of bal-
loon removal.

Among 447 patients in the registry, we excluded
323 with observed-to-expected lung/head ratio of
25% or higher (fetoscopic endoluminal tracheal occlu-
sion n520, expectant n5303), one fetoscopic endolu-
minal tracheal occlusion case with anomalies, and 12
expectantly managed patients with abnormal or miss-
ing genetic results (Fig. 1). One center contributed
nine fetoscopic endoluminal tracheal occlusion cases
and no expectantly managed cases; these were
removed from comparative analysis but are included
in fetoscopic endoluminal tracheal occlusion proce-
dural details (Appendix 3, http://links.lww.com/
AOG/D534).7,8,15,16 The final analysis included 63
fetuses (59.4%) with severe left-sided congenital dia-
phragmatic hernia who underwent fetoscopic endolu-
minal tracheal occlusion and 43 (40.6%) managed
expectantly. Two patients with a late diagnosis of
severe left-sided congenital diaphragmatic hernia
had balloons placed after 29 6/7 weeks of gestation
(30.3 and 31.4 weeks), and four expectantly managed
patients had initial evaluation after 29 6/7 weeks (31.
9–34.4 weeks) and are included in an intention-to-
treat analysis (Fig. 1).

Table 1 lists demographics of fetoscopic endolu-
minal tracheal occlusion and expectantly managed
patients with severe congenital diaphragmatic hernia.
There were no differences in maternal age, gestational
age at initial assessment, nulliparity, smoking status,
or race. Patients with fetoscopic endoluminal tracheal
occlusion had significantly lower body mass index
(BMI, calculated as weight in kilograms divided by
height in meters squared) than expectantly managed
patients (median 26.2 vs 29.2, P5.011). Observed-to-
expected lung/head ratio values were comparable
between groups (median lowest observed-to-
expected lung/head ratio in fetoscopic endoluminal
tracheal occlusion vs expectant 21.4% vs 21.5%,
P..9; median of all recorded observed-to-expected
lung/head ratio in fetoscopic endoluminal tracheal
occlusion vs expectant 22.3% vs 22.2%, P5.2). Lung

size evaluation with ultrasound-derived observed-to-
expected lung/head ratio for the lowest recorded mea-
surement was performed most often by longest diam-
eter and tracing methods in fetoscopic endoluminal
tracheal occlusion cases (46.0% and 39.7% respec-
tively), whereas the anterior–posterior measurement
was most frequent in expectant cases (74.4%, P,.001).
Significantly more fetoscopic endoluminal tracheal
occlusion cases than expectantly managed cases were
entered prospectively (84.1% vs 55.6%, P5.003).
Demographic results for the fetoscopic endoluminal
tracheal occlusion and expectant management cases
from the severe arm of the TOTAL trial are included
for comparison.7 In patients who underwent feto-
scopic endoluminal tracheal occlusion, all observed-
to-expected lung/head ratio values were recorded
after 20 0/7 weeks of gestation up to the time of bal-
loon placement; for expectantly managed patients, the
initially recorded observed-to-expected lung/head
ratios are shown.

The primary and secondary outcomes of the
comparative analysis are presented in Table 2.
Although 6-month survival was higher in the feto-
scopic endoluminal tracheal occlusion group than
the expectantly managed group (69.8% vs 58.1%,
P5.30) (Table 2), this did not reach statistical signifi-
cance. Patients who underwent fetoscopic endolumi-
nal tracheal occlusion had more PPROM before 37
weeks of gestation (54.0% vs 14.3%, P,.001), deliv-
ered earlier (35.0 weeks vs 38.3 weeks, P,.001), and
had lower birth weight (2,487 g vs 2,857 g, P5.001).
There were no differences in rates of neonatal defect
repair, defect size or stage, or repair type. Neonates
who underwent fetoscopic endoluminal tracheal
occlusion had congenital diaphragmatic hernia repair
earlier than expectantly managed neonate (5 days of
life vs 16.0 days of life, P,.001). There was no differ-
ence in use, timing of initiation, or duration of ECMO
or in adjusted age at discharge between groups. There
were no differences in the incidence of intraventricu-
lar hemorrhage, sepsis, necrotizing enterocolitis, or
periventricular leukomalacia.

Appendix 4, available online at http://links.lww.
com/AOG/D534, presents a subanalysis of patients
for whom all recorded observed-to-expected lung/
head ratio measurements were below 25% and were
obtained before 30 weeks of gestation with fetoscopic
endoluminal tracheal occlusion performed before 30
weeks. This subset contained 43 patients with feto-
scopic endoluminal tracheal occlusion (55.1%) and
35 expectantly managed patients (44.9%). The dura-
tion of ECMO was significantly shorter in patients
with fetoscopic endoluminal tracheal occlusion than
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in expectantly managed patients (median 9 days vs 17
days, P5.014).

DISCUSSION

In this multicenter report of patients with isolated
severe left-sided congenital diaphragmatic hernia
managed with fetoscopic endoluminal tracheal occlu-
sion or expectant care in North America, fetoscopic
endoluminal tracheal occlusion placement and
removal had a success rate and safety profile consis-
tent with published literature. Although 6-month
survival was higher in the fetoscopic endoluminal
tracheal occlusion group than in those managed
expectantly, this difference was not statistically signif-
icant. Fetoscopic endoluminal tracheal occlusion
patients had significantly more PPROM, earlier ges-
tational age at delivery, and lower birth weight
without increased neonatal morbidity than expec-
tantly managed patients. In patients with all
observed-to-expected lung/head ratio measurements
below 25% and fetoscopic endoluminal tracheal
occlusion performed before 30 weeks of gestation,

fetoscopic endoluminal tracheal occlusion required
fewer ECMO days than expectant management.

In the TOTAL trials, fetoscopic endoluminal
tracheal occlusion was performed at 12 centers with
training metrics comparable with those of our study.
Postnatal congenital diaphragmatic hernia manage-
ment occurred in 46 pediatric surgical programs with
varying case volumes and followed European con-
sensus guidelines.7,8,17,18 The TOTAL trial demon-
strated a more than 2.5-fold increase in survival to
discharge for patients with isolated severe left-sided
congenital diaphragmatic hernia after fetoscopic en-
doluminal tracheal occlusion compared with expec-
tantly managed patients (40% vs 15%). However, our
study cohort had a 75% higher survival rate after
fetoscopic endoluminal tracheal occlusion than
TOTAL and more than 280% higher survival with
expectant management. Given this lower back-
ground mortality for expectantly managed patients,
fetoscopic endoluminal tracheal occlusion in North
America may not offer the survival benefit demon-
strated in the TOTAL trial.

Fig. 1. Flowchart demonstrating patient inclusion and exclusion for the comparative analysis. *Patients for whom pro-
cedural data for entire cohort is included (data presented in Table 1). †Patients included for comparative analysis (data
presented in Table 2). ‡Two patients had balloon placement after 30 weeks of gestation (31 3/7 and 30 2/7 weeks). §Five
patients had initial evaluation after 30 weeks of gestation (31 6/7, 32 1/7, 32 3/7, 32 4/7, and 34 3/7 weeks). CDH, con-
genital diaphragmatic hernia; O/E LHR, observed-to-expected lung area/head circumference ratio; FETO, fetoscopic en-
doluminal tracheal occlusion; CMA, chromosomal microarray.

Bergh. Fetoscopic Endoluminal Tracheal Occlusion for Diaphragmatic Hernia. Obstet Gynecol 2024.
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In our cohort, neonatal management differed
from that in TOTAL in that ECMO was used more
frequently for patients with severe left-sided congen-
ital diaphragmatic hernia after fetoscopic endoluminal
tracheal occlusion (37% vs 5% in TOTAL) and in
those expectantly managed (52% vs 29% in TOTAL).
In our cohort, 87.3% of patients with fetoscopic
endoluminal tracheal occlusion and 79.1% of expec-
tantly managed patients underwent surgical repair
compared with 53% and 37% of patients in the
corresponding TOTAL trial arms. In both studies,
surgical repair occurred earlier after fetoscopic endo-
luminal tracheal occlusion than expectant manage-
ment but was performed later in TOTAL, perhaps
reflecting a more aggressive congenital diaphragmatic
hernia management approach in North America.10

The North American care setting also differed from

the TOTAL setting in that all participating centers
fulfilled prescribed metrics for both prenatal and post-
natal congenital diaphragmatic hernia care. The tran-
sition to postnatal care in such an integrated setting
may offer significant survival benefit after fetoscopic
endoluminal tracheal occlusion compared with post-
natal management at a separate neonatal center.19

The nonsignificant survival benefit after feto-
scopic endoluminal tracheal occlusion for patients
managed in North American care settings raises the
question of whether fetoscopic endoluminal tracheal
occlusion improves morbidity. Recent reports suggest
that in severe left-sided congenital diaphragmatic
hernia, fetoscopic endoluminal tracheal occlusion
was associated with a greater likelihood of early
discharge, faster resolution of pulmonary hyperten-
sion and lower bronchodilator use between 1 and 5

Table 1. Comparative Analysis of Fetoscopic Endoluminal Tracheal Occlusion and Expectant Management
of Severe Congenital Diaphragmatic Hernia, Baseline Characteristics

Characteristic
FETO (n563,

59.4%)
Expectant Management

(n543, 40.6%) P*

TOTAL Trial

FETO
(n540)

Expectant
Management

(n540)

Maternal age (y) 31.0 (24.5, 34.0) 29.0 (23.5, 33.0) .14 32.4 (27.6–36.0) 29.9 (25.9–33.9)
Gestational age at initial

assessment (wk)
24.4 (22.1, 26.9) 24.0 (21.9, 27.0) ..9 27.7 (26.4–28.6) 27.0 (26.4–28.0)

Nulliparity 28/63 (44) 15/43 (35) .4 20/40 (50) 18/40 (45)
Current tobacco use 4/61 (6.6)† 8/43 (19) .069 0/40 6/40 (15)
BMI (kg/m2) 26.2 (23.8, 28.8) 29.2 (25.4, 37.1) .011 25.3 (21.7–30.1) 24.8 (21.3–30.5)
Race .8

Asian 4 (6.3) 3 (7.0) 5 (12) 3 (8)
Black 6 (9.5) 6 (14.0) 1 (2) 4 (10)
White 51 (81.0) 32 (74.4) 32 (80) 33 (82)
Other 2 (3.2) 2 (4.7) 2 (5) 0

Liver herniation 62/63 (98.4) 42/43 (97.7) ..9 36/40 (90) 35/40 (88)
Lowest O/E LHR (%) recorded‡ 21.4 (19.0, 23.0) 21.5 (18.2, 23.4) ..9 NA NA
All O/E LHR (%) recorded‡ 22.3 (20.7, 24.0) 22.2 (18.7, 23.9) .013 21.0 (19.9–24.0) 21.0 (18.0–23.0)
Method of O/E LHR% for

lowest recorded measurement
,.001

Tracing 25/63 (39.7) 3/43 (7.0) NA NA
Longest diameter 29/63 (46.0) 8/43 (18.6) NA NA
Anterior-posterior diameter 9/63 (14.3) 32/43 (74.4) NA NA

Timing of evaluation .003
Before 2015 10/63 (15.9) 19/43 (44.2) NA NA
2015 and beyond 52/63 (84.1) 24/43 (55.8) NA NA

FETO, fetoscopic endoluminal tracheal occlusion; TOTAL, Tracheal Occlusion to Accelerate Lung Growth; BMI, body mass index; O/E LHR,
observed-to-expected lung/head ratio; NA, not available.

Data are median (interquartile range) or n/N (%) unless otherwise specified.
Bold indicates statistical significance.
* Wilcoxon rank-sum test, Pearson x2 test, and Fisher exact test.
† Missing observations51.
‡ Values recorded after 18 0/7 weeks of gestation and before or at the time of balloon placement in the FETO group and at time of initial

evaluation in the expectant group.
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years of life.20,21 We cannot report the effects of feto-
scopic endoluminal tracheal occlusion on pulmonary
hypertension because of inconsistent reporting among
centers of postnatal echocardiogram findings, dis-
charge medications, and 6-month pulmonary hyper-
tension. However, our subanalysis finding of
shortened ECMO duration after fetoscopic endolumi-
nal tracheal occlusion is consistent with the antici-
pated pulmonary benefits.

The primary limitation of this study is that it was
not randomized and was a cohort study not powered
to demonstrate efficacy. Our data were also entered
into the registry both retrospectively and prospec-
tively, with significant heterogeneity among centers.
Registry data span about 10 years, and among patients
in the comparative analysis, significantly more feto-
scopic endoluminal tracheal occlusions were per-
formed after 2015 (n552) than before (n510,

P5.003). The reason was rapid adoption of fetoscopic
endoluminal tracheal occlusion after 2015 approval of
a shared investigational device exemption, although
this was unlikely to affect outcomes because 98.1%
and 100% of patients in the fetoscopic endoluminal
tracheal occlusion and expectant management groups
respectively had a C or D type lesion on postnatal
evaluation (P..99). The data also do not include
long-term outcomes, nor was postnatal care standard-
ized. Accordingly, we cannot report long-term mor-
bidity relevant to ECMO use,22 which was
significantly affected by fetoscopic endoluminal tra-
cheal occlusion on subanalysis. Additional measures
of pulmonary hypertension and cardiac function not
captured in this study might explain why this group
required less ECMO. Finally, the majority of expec-
tantly managed patients in the subanalysis had only a
single observed-to-expected lung/head ratio available

Table 2. Comparative Analysis of Fetoscopic Endoluminal Tracheal Occlusion and Expectant Management,
Outcomes

Characteristic FETO (n563, 59%) Expectant Management (n543, 41%) P*

Primary outcome
6-mo survival† 44/63 (69.8) 25/43 (58.1) .30

Secondary outcomes
PPROM before 37 wk 33/63 (54.0) 6/42 (14.3)‡ ,.001
Gestational age at PPROM (wk) 33.5 (32.0, 34.6) 35.6 (35.3, 36.3)‡ .072
Gestational age at birth (wk) 35.0 (34.1, 36.9) 38.3 (37.4, 39.0) ,.001
Birth weight (g) 2,487.16574.9 2,857.86566.4 .001
Neonatal repair of defect 55/63 (87.3) 34/43 (79.1) .39
DOL defect repair performed 5.0 (3.0, 10.5) 16.0 (9.0, 23.0) ,.001
Defect size or stage ..99

A or B 1/54 (1.9)‡ 0/34 (0)
C or D 53/54 (98.1) 34/34 (100)

Repair type .79
Primary 2/55 (3.6) 0/34 (0)
Muscle flap 9/55 (16.4) 6/34 (17.6)
Patch 44/55 (80.0) 28/34 (82.4)

ECMO 23/63 (36.5) 22/42 (52.4)‡ .16
DOL placed on ECMO 1.0 (0.0, 1.0) 0.0 (0.0, 1.0)‡ .2
Duration of ECMO (d) 12.0 (8.0, 20.5) 16.0 (13.0, 23.2)‡ .06
Age at discharge (wk)§ 14.4 (8.9, 24.5)‡ 14.6 (9.9, 23.0) .8
IVH 5/55 (9.1)k 5/41 (12.2)¶ .7
Sepsis 12/55 (21.8)k 8/41 (19.5)¶ ..9
NEC 2/55 (3.6)# 1/40 (2.5)¶ ..9
PVL 6/55 (10/9)k 4/41 (9.8)¶ ..9

FETO, fetoscopic endoluminal tracheal occlusion; PPROM, preterm prelabor rupture of membranes; GA, gestational age; DOL, day of life;
ECMO, extracorporeal membrane oxygenation; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular
leukomalacia.

Data are n/N (%), mean6SD, or median (interquartile range) unless otherwise specified.
* Welch two-sample t test, Pearson x2 test, and Fisher exact test. Values of P,.05 are listed in boldface.
† Includes all patients. Note that all patients who died did so before discharge.
‡ Missing observations51.
§ Adjusted for prematurity.
k Missing observations58.
¶ Missing observations52.
# Missing observations53.

446 Bergh et al Fetoscopic Endoluminal Tracheal Occlusion for Diaphragmatic Hernia OBSTETRICS & GYNECOLOGY



for review. It is possible that expectantly managed
patients in this subanalysis actually were less severe
cases than reported according to our exclusion crite-
ria. However, the previously stated finding of either
type C or D lesion at birth in almost the entire com-
parative analysis cohort suggests that the severity was
similar between groups.

The main strength of this study is our ability to
report a rare outcome in two contemporaneously
managed groups through multicenter collaboration.
This is the largest reported North American cohort of
patients with congenital diaphragmatic hernia treated
with fetoscopic endoluminal tracheal occlusion or
expectantly managed, with more fetoscopic endolu-
minal tracheal occlusion cases than were included in
the TOTAL trial. Thus, it represents real-world
clinical experience across centers and adds important
data regarding the implementation, safety, and success
of fetoscopic endoluminal tracheal occlusion in North
America.

Our study indicates that fetoscopic endoluminal
tracheal occlusion can be performed safely in severe
isolated left-sided congenital diaphragmatic hernia at
North American centers with experienced pediatric
programs. Fetoscopic endoluminal tracheal occlusion
demonstrated a trend toward improved survival that
did not reach statistical significance. Although obstet-
ric complications were higher with fetoscopic endo-
luminal tracheal occlusion, these did not appear to
negatively affect survival, despite delivery 3 weeks
earlier than those managed expectantly. When con-
sidered together with lower ECMO requirements in
the most severe cases on subanalysis, this suggests that
fetoscopic endoluminal tracheal occlusion may help
decrease pediatric morbidity and possibly mortality in
programs with high survival rates. This emphasizes
the need for further research and monitoring of long-
term outcomes in patients undergoing fetoscopic
endoluminal tracheal occlusion to determine its role
in alleviating disease severity and morbidity in
survivors, particularly in North America.
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