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background

 

Experimental and clinical data suggest that fetal endoscopic tracheal occlusion to induce
lung growth may improve the outcome of severe congenital diaphragmatic hernia. We
performed a randomized, controlled trial comparing fetal tracheal occlusion with stan-
dard postnatal care.

 

methods

 

Women carrying fetuses that were between 22 and 27 weeks of gestation and that had
severe, left-sided congenital diaphragmatic hernia (liver herniation and a lung-to-head
ratio below 1.4), with no other detectable anomalies, were randomly assigned to fetal
endoscopic tracheal occlusion or standard care. The primary outcome was survival at
the age of 90 days; the secondary outcomes were measures of maternal and neonatal
morbidity.

 

results

 

Of 28 women who met the entry criteria, 24 agreed to randomization. Enrollment was
stopped after 24 patients had been enrolled because of the unexpectedly high survival
rate with standard care and the conclusion of the data safety monitoring board that fur-
ther recruitment would not result in significant differences between the groups. Eight of
11 fetuses (73 percent) in the tracheal-occlusion group and 10 of 13 (77 percent) in the
group that received standard care survived to 90 days of age (P=1.00). The severity of the
congenital diaphragmatic hernia at randomization, as measured by the lung-to-head
ratio, was inversely related to survival in both groups. Premature rupture of the mem-
branes and preterm delivery were more common in the group receiving the interven-
tion than in the group receiving standard care (mean [±SD] gestational age at delivery,
30.8

 

±

 

2.0 weeks vs. 37.0

 

±

 

1.5 weeks; P<0.001). The rates of neonatal morbidity did not
differ between the groups.

 

conclusions

 

Tracheal occlusion did not improve survival or morbidity rates in this cohort of fetuses
with congenital diaphragmatic hernia.
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ongenital diaphragmatic hernia

 

can now be accurately diagnosed by mid-
gestation, and the outcome in individual

cases can be predicted on the basis of sonographic
measurement of the lung-to-head ratio and the pres-
ence or absence of liver herniation into the thorax.

 

1-4

 

Mortality is low for full-term fetuses without liver
herniation and a favorable lung-to-head ratio (above
1.4) at tertiary centers.

 

4

 

 However, fetuses with liver
herniation and a low lung-to-head ratio have high
rates of mortality and morbidity, despite recent ad-
vances in intensive neonatal care, including extra-
corporeal membrane oxygenation, nitric oxide in-
halation, high-frequency ventilation, and delayed
operative repair of the diaphragmatic hernia.

 

5-11

 

The fundamental problem in babies born with a
congenital diaphragmatic hernia is pulmonary hy-
poplasia. A number of strategies have been used in
an attempt to improve the growth of hypoplastic
lungs before they are needed for gas exchange at
birth. Anatomical repair of the hernia through open
hysterotomy proved feasible, but it did not decrease
mortality and was abandoned.

 

12-19

 

 Fetal tracheal
occlusion was developed as an alternative strategy
to promote fetal lung growth by preventing normal
egress of lung fluid. Occlusion of the fetal trachea
was shown to stimulate fetal lung growth in a variety
of animal models.

 

20-27

 

 Techniques to achieve revers-
ible fetal tracheal occlusion were explored in animal
models

 

28,29

 

 and then applied clinically, evolving
from the use of external metal clips placed on the
trachea by means of open hysterotomy or fetoscopic
neck dissection

 

30-33

 

 to internal tracheal occlusion
with a detachable silicone balloon placed with the
use of fetal bronchoscopy through a single 5-mm
uterine port.

 

34

 

Our initial experience suggested that fetal endo-
scopic tracheal occlusion improved survival in hu-
man fetuses with severe congenital diaphragmatic
hernia.

 

33,34

 

 To evaluate this novel therapy, we con-
ducted a randomized, controlled trial from April
1999 through July 2001 in which we compared tra-
cheal occlusion with standard care; all women re-
ferred after April 1999 who were carrying fetuses
with severe left-sided congenital diaphragmatic her-
nia and who met the inclusion criteria were invited
to participate.

 

referral and evaluation

 

Women carrying fetuses with left-sided congenital
diaphragmatic hernia and a normal karyotype un-

derwent evaluation at the University of California,
San Francisco, when the fetuses were 22 to 27 weeks
of gestational age, including ultrasonography, cal-
culation of the lung-to-head ratio, echocardiogra-
phy, obstetrical consultation, and psychosocial as-
sessment.

The eligibility criteria were the presence of left-
sided congenital diaphragmatic hernia, a normal fe-
tal echocardiogram, no ultrasonographic evidence
of other anomalies, a normal karyotype, liver herni-
ation into the left hemithorax, a lung-to-head ratio
below 1.4 as measured between 22 and 28 weeks of
gestation, a fetal age between 22 and 28 weeks of
gestation, a singleton pregnancy, no preterm labor,
and no medical contraindication to general anes-
thesia or psychosocial contraindication to partici-
pation by the mother. Families who met the eligi-
bility criteria were extensively counseled, and those
who wished to participate provided written, in-
formed consent for both randomization and treat-
ment. No fetal intervention was offered outside the
trial. The committee on human research of the Uni-
versity of California, San Francisco, approved the
trial protocol.

 

block randomization

 

Because lung-to-head ratio is the most accurate pre-
dictor of survival for fetuses with isolated left con-
genital diaphragmatic hernia and a herniated liv-
er,

 

1,3

 

 randomization was performed with the use of
permuted blocks stratified according to the lung-to-
head ratio. Three strata of lung-to-head ratios were
used: 0.78 or less, 0.79 to 1.06, and 1.07 to 1.39.

 

fetal endoscopic tracheal occlusion
and prenatal care

 

The technique of fetal endoscopic tracheal occlu-
sion has been described previously.

 

29

 

 Betametha-
sone was given to the mother preoperatively to im-
prove fetal lung compliance.

 

35

 

 With the mother and
fetus under general anesthesia and using a low
transverse maternal laparotomy, we passed a 4-mm
perfusion hysteroscope through a 5-mm trocar and
guided it through the fetal vocal cords with the aid of
both fetoscopic and cross-sectional ultrasonograph-
ic visualization. A detachable silicone balloon (Tar-
get Therapeutics) was placed in the fetal trachea
midway between the carina and the vocal cords. The
balloon was inflated with isosmotic contrast materi-
al so that it filled the fetal trachea (diameter, 0.5 mm)
for a length of at least 2 cm. Experimental studies
have shown that this maneuver effectively occludes
the fetal trachea.

 

34,36

 

 The first two patients in this

c

methods
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study underwent a three-port fetal endoscopic tra-
cheal clip procedure,

 

30

 

 which was then replaced by
the balloon-occlusion technique; the data safety
monitoring board approved the change.

The women in the intervention group were
treated with a preoperative indomethacin supposi-
tory (50 mg), intraoperative halogenated anesthetic
agents with small doses of nitroglycerin as needed,
postoperative magnesium sulfate and indometha-
cin (for a maximum of two days), and an oral calci-
um-channel blocker (nifedipine) until delivery. Beta-
adrenergic agonists, which reduce the production
of fetal lung fluids in animals,

 

37,38

 

 were used spar-
ingly. The mothers were discharged to the nearby
Ronald McDonald House of San Francisco, where
they rested in bed and underwent ultrasonography
and nonstress testing every other week until delivery.

All fetuses with tracheal occlusion were delivered
by the EXIT (ex utero intrapartum therapy) proce-
dure, as previously described.

 

39

 

 Briefly, the fetal
head was delivered and bronchoscopy was per-
formed through a low transverse cesarean hyster-
otomy. The balloon occluding the trachea was de-
flated and removed, the airway was suctioned, an
endotracheal tube was inserted, an exogenous sur-
factant (Exosurf Neonatal, Glaxo Wellcome) was
administered at a dose of 3 ml per kilogram of body
weight, and assisted ventilation was begun before
the umbilical cord was divided.

The women assigned to standard care were treat-
ed expectantly, with a planned return to the Univer-
sity of California, San Francisco, at 36 weeks of ges-
tation. Antenatal steroids were administered if there
was preterm labor (one case) or if the lung profile
indicated immaturity (seven cases). If spontaneous
labor did not occur, labor was induced. Delivery was
vaginal unless cesarean section was indicated.

 

neonatal resuscitation 
and respiratory care

 

All infants in both groups underwent intubation im-
mediately at birth and received pancuronium and
sedatives as soon as vascular access was obtained
(within five minutes in all cases). Conventional me-
chanical ventilation was performed to maintain the
partial pressure of arterial carbon dioxide in the
range of 45 to 60 mm Hg (permissive hypercapnia)
and right-hand (preductal) oxygen saturation above
90 percent. Higher values for the partial pressure of
arterial carbon dioxide and lower oxygen-saturation
values were tolerated in the first hours of life. If ven-

tilation and oxygenation were inadequate, high-fre-
quency oscillatory ventilation, inhaled nitric oxide,
and extracorporeal membrane oxygenation were
used as needed. The diaphragmatic hernia was re-
paired when the infant’s respiratory status had sta-
bilized. The infants remained paralyzed and sedated
from birth until 24 hours after operative repair. Once
they had been weaned from ventilatory support, the
infants continued to receive supplemental oxygen
until the oxygen saturation was maintained at a lev-
el above 95 percent while they were breathing am-
bient air.

 

outcome analysis

 

The primary outcome was survival to the age of 90
days. Additional outcomes were short-term meas-
ures of neonatal pulmonary morbidity, including
the need for extracorporeal membrane oxygenation
and the duration of neonatal ventilatory support
and administration of supplemental oxygen; gas-
trointestinal morbidity; neurologic morbidity; sur-
vival to discharge from the hospital; the duration of
hospitalization; and maternal physical and psy-
chological morbidity. Assessments of other meas-
ures of long-term morbidity (including the need for
supplemental oxygen, rates of recurrent infection
and repeated hospitalization, and neurodevelop-
mental outcomes) are ongoing and are not includ-
ed here.

On the basis of a logistic-regression model de-
rived from our historical data (57 cases of left-sided
congenital diaphragmatic hernia, a lung-to-head ra-
tio under 1.4, and liver herniation), a survival rate
of 37 percent was predicted in the group receiving
standard care. We calculated that a sample size of
40 subjects would provide the study with 80 percent
power to detect an increase in the survival rate to 77
percent in the group undergoing fetal tracheal oc-
clusion, at an alpha level of 0.05, with allowance for
an interim review of the data.

We analyzed the data with the use of Student’s
t-test, the Mann–Whitney rank-sum test, the chi-
square test, Fisher’s exact test, logistic regression,
and survival analysis (based on Cox proportional-
hazards models). The results are reported as means

 

±

 

SD and hazard ratios with 95 percent confidence
intervals. A P value of less than 0.05 was considered
to indicate statistical significance. The study was
monitored by a data safety monitoring board ap-
pointed by the National Institutes of Health (NIH)
(see the Appendix).
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early termination of the trial

 

Enrollment was terminated early, in August 2001,
after 24 patients had been randomly assigned to
treatment groups, on the recommendation of the
data safety monitoring board. This recommenda-
tion was based on a conditional probability calcu-
lation that predicted a failure to detect a difference
in survival to 90 days of age with the planned enroll-
ment; this interim analysis was performed when
data on 18 subjects were available for review of the
primary outcome 27 months after enrollment had
begun.

 

characteristics of the study subjects

 

A total of 157 women were referred by telephone,
and 57 of them came to San Francisco for evalua-
tion. Twenty-nine did not meet the criteria for en-
rollment (because of associated anomalies in 11,
a diaphragmatic hernia that did not meet the crite-
ria for severity in 12, and psychosocial factors in 6).
Twenty-four of the 28 eligible women agreed to ran-
domization.

The majority of the enrolled women had fetuses
that were in the middle stratum of lung-to-head
ratio (0.79 to 1.06). Eleven women were initially
randomly assigned to receive standard care (mean
lung-to-head ratio, 0.96

 

±

 

0.20), and 13 were ran-
domly assigned to undergo fetal tracheal occlusion
(mean lung-to-head ratio, 0.97

 

±

 

0.14). Two of the
women randomly assigned to undergo fetal trache-
al occlusion opted to have standard care, so that 13
women received standard care (lung-to-head, ratio
0.96

 

±

 

0.20), and 11 underwent fetal tracheal occlu-
sion (lung-to-head ratio, 0.97

 

±

 

0.14). The base-line
characteristics of the two groups according to the
actual treatment received are shown in Table 1. The
lung-to-head ratio did not differ significantly be-
tween the groups, whether the data were analyzed
on an intention-to-treat basis (P=0.82) or according
to the actual treatment (P=0.52), nor were there
significant differences in any other base-line char-
acteristics, whether they were compared on the
basis of the assigned treatment or the actual treat-
ment. The duration of tracheal occlusion was 36.2

 

±

 

14.7 days, with a range of 16 to 64 days.

 

pregnancy outcomes and complications

 

As expected, there was substantial short-term ma-
ternal morbidity after the fetal intervention. All
women in the tracheal-occlusion group required to-

colysis for uterine contractions. Three women had
mild pulmonary edema and required supplemental
oxygen for less than 48 hours. Uterine puncture re-
sulted in ultrasonographically detectable chorioam-
nionic separation in 7 of 11 women (64 percent),
and all 11 women who underwent fetal tracheal oc-
clusion had preterm premature rupture of the mem-
branes, as compared with 3 of 13 women (23 per-
cent) who received standard care (P<0.001) (Table
2). In the tracheal-occlusion group, preterm pre-
mature rupture of the membranes did not lead to
immediate delivery; the mean time from preterm
premature rupture of the membranes to delivery
was 9.5

 

±

 

8.5 days.
All infants in the tracheal-occlusion group were

delivered prematurely (by the planned ex utero in-
trapartum therapy procedure), as compared with
4 of 13 (31 percent) in the standard-care group
(P<0.001). In the latter four cases, spontaneous pre-
mature labor developed, and the infants were deliv-
ered before the women could return to the Universi-
ty of California, San Francisco. Thus, the gestational
age at delivery and the birth weight were signifi-
cantly lower in the tracheal-occlusion group than in
the standard-care group (P<0.001 for both compar-
isons) (Table 2). All women in both groups who de-
sired subsequent pregnancies were able to conceive
and carry to term healthy children (five women in
the tracheal-occlusion group and four in the stan-
dard-care group).

 

neonatal outcomes

 

There was no significant difference in survival
among infants between the standard-care group

results

 

* Plus–minus values are means ±SD.
† The lung-to-head ratio is the length times the width of the right lung at the lev-

el of the cardiac atria, divided by the head circumference, with all measure-

 

ments in millimeters.

 

Table 1. Base-Line Characteristics According to the Actual Treatment.*

Characteristic

Standard
Care 

(N=13)

Tracheal
Occlusion

(N=11)

 

Maternal age — yr
Mean
Range

28.5±5.7
19–39

29.5±5.6
21–40

Fetal sex — no. of males (%) 9 (69) 8 (73)

Fetal gestational age at randomization — wk
Mean
Range

25.4±1.3
23.1–27.4

24.5±1.6
22.3–27.0

Lung-to-head ratio† 0.96±0.20 0.97±0.14
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and the tracheal-occlusion group, whether the data
were analyzed according to the actual treatment (10
of 13 infants, or 77 percent, survived, vs. 8 of 11, or
73 percent; P=1.00) or the assigned treatment (8 of
11, or 73 percent, vs. 10 of 13, or 77 percent; P=1.00)

(Table 3 and Fig. 1). The overall rate of survival at
90 days was 75 percent.

Of the three infants in the standard-care group
who died, two died before repair of their congenital
diaphragmatic hernia (one from respiratory insuffi-
ciency at 4 days of age, and the other after withdraw-
al from life support at 1 day of age because of previ-
ously undiagnosed Fryn’s syndrome), and the third
died at 30 days of age from pulmonary hyperten-
sion. In the tracheal-occlusion group, all infants sur-
vived to repair of their congenital diaphragmatic
hernia. Two infants died shortly after repair (one
from respiratory insufficiency at 9 days, and the oth-
er from sepsis at 14 days); the third died at 71 days
from pulmonary hypertension. One baby in each
group died at more than 90 days of age, both from
chronic pulmonary hypertension.

There was a nonsignificant inverse relation be-
tween gestational age at delivery and mortality. The
gestational age at delivery was 34.9

 

±

 

3.4 weeks
among survivors and 32.0

 

±

 

3.4 weeks among non-
survivors (P=0.09). Analysis of pooled data from the
two treatment groups revealed a direct association
between the stratum of lung-to-head ratio and 90-
day survival (Table 3).

To establish a more precise cutoff value for the
lung-to-head ratio in order to predict survival, we
stratified all the infants into two groups according
to whether the lung-to-head ratio was low or high.
We used receiver-operating-characteristic curves
with cutoff values for the lung-to-head ratio of 0.85,
0.90, 0.95, and 1.0; a cutoff value of 0.90 resulted in
the greatest area under the curve (0.78).

We used survival analysis with a censoring date
of November 1, 2002 (3.5 years after initiation of
the study), to identify the factors potentially affect-
ing survival in this cohort. The treatment group was
not a significant predictor of survival; the hazard ra-
tio for death associated with tracheal occlusion, as
compared with standard care, was 1.20 (95 percent
confidence interval, 0.29 to 4.67). However, the
lung-to-head ratio was a strong predictor of sur-
vival. The hazard ratio for death associated with a
lung-to-head ratio greater than 0.90, as compared
with a ratio less than or equal to 0.90, was 0.13 (95
percent confidence interval, 0.03 to 0.64).

 

respiratory, gastrointestinal,
and neurologic outcomes

 

The rates of respiratory and gastrointestinal com-
plications among survivors at discharge (at a mean
of 60.9

 

±

 

23.5 days) are shown in Table 4. There were

 

* Plus–minus values are means ±SD. PROM denotes premature rupture of the 

 

membranes, and EXIT ex utero intrapartum therapy.

 

Table 2. Pregnancy Outcomes and Complications According to the Actual 
Treatment.*

Outcome or Complication

Standard
Care

(N=13)

Tracheal
Occlusion

(N=11) P Value

 

Maternal death — no. (%) 0 0

Maternal blood transfusion — no. (%) 0 0

Maternal infection (wound) — no. (%) 0 1 (9)

Preterm labor — no. (%) 4 (31) 8 (73) 0.10

PROM — no. (%) 3 (23) 11 (100) <0.001

Time from tracheal occlusion to PROM 
— days

Mean
Range

24.8±14.8
5–52

Time from PROM to delivery — days
Mean
Range

<1 9.5±8.5
0–28

Placental abruption — no. (%) 1 (8) 3 (27) 0.30

Mode of delivery — no. (%)
Planned EXIT
Induced vaginal delivery
Cesarean delivery

12 (92)
1 (8)

11 (100)
0
0

Gestational age at delivery — wk
Mean
Range

37.0±1.5
34.0–39.0

30.8±2.0
28.0–34.0

<0.001

Birth weight — kg 3.03±0.48 1.49±0.36 <0.001

 

* P=0.04 for a trend of increased survival with a higher lung-to-head ratio (non-

 

parametric test for trend).

 

Table 3. Ninety-Day Survival According to Assigned and Actual Treatment 
and According to the Lung-to-Head Ratio.

Group Lung-to-Head Ratio Total

 

≤0.78 0.79–1.06 1.07–1.39

 

number/total number(percent)

 

Assigned treatment

Standard care 0/0 6/9 (67) 2/2 (100) 8/11 (73)

Tracheal occlusion 0/1 7/9 (78) 3/3 (100) 10/13 (77)

Actual treatment

Standard care 0/0 8/11 (73) 2/2 (100) 10/13 (77)

Tracheal occlusion 0/1 5/7 (71) 3/3 (100) 8/11 (73)

Total 0/1 13/18 (72) 5/5 (100)* 18/24 (75)
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no significant differences between survivors in the
tracheal-occlusion group and those in the standard-
care group, despite the differences in gestational
age at delivery. All infants required intensive respi-
ratory support; one infant in the standard-care
group received five days of extracorporeal mem-
brane oxygenation before the repair was performed.
There was no significant difference in age at the
time of repair of congenital diaphragmatic hernia,
the need for a prosthetic patch at repair of congen-
ital diaphragmatic hernia, age at extubation, age at
discharge, or the proportions of infants in the two
treatment groups requiring supplemental oxygen.
There was substantial gastrointestinal morbidity
in both groups, with little difference between the
groups.

Seven infants (five receiving standard care and
two undergoing tracheal occlusion) underwent
computed tomographic imaging of the brain be-
fore discharge from the hospital; no abnormalities
were seen. Ten infants underwent magnetic reso-
nance imaging of the brain before discharge (four
in the standard-care group and six in the tracheal-
occlusion group); five infants had evidence of mild-
to-moderate white-matter injury (three in the stan-
dard-care group and two in the tracheal-occlusion
group). There were no detectable neurologic deficits
on examination among survivors in either group at
discharge.

In this randomized, controlled study, a strategy to
enhance lung growth before birth by occluding the
fetal trachea proved no better than planned delivery
and high-level neonatal care at a tertiary care center
in improving the outcome for fetuses with severe
congenital diaphragmatic hernia. The rate of sur-
vival among infants randomly assigned to treatment
with fetal endoscopic tracheal occlusion (73 per-
cent) met our expectations (predicted value, 77 per-
cent) and was higher than the rate among historic
controls (37 percent), but it proved no better than
that among concurrent randomized controls.

The unexpectedly high survival rate in the group
that received standard care (planned delivery and
intensive postnatal care at a tertiary care center) led
the data safety and monitoring board to conclude
that even with further enrollment, the 90-day surviv-
al rates in the two groups would prove to be indis-
tinguishable.

The higher-than-expected survival in the stan-

dard-care group may be due to the “trial effect.” The
study design required that infants in both treatment
groups be delivered, resuscitated, and intensively
treated in a unit experienced in caring for critically
ill newborns with pulmonary hyperplasia. Because
“standard care” in this study was really optimal care
(available at tertiary centers), conclusions about the
general applicability of the trial results must be
guarded.

discussion

 

Figure 1. Kaplan–Meier Survival Curves for the Study Group as of November 
1, 2002 (3.5 Years after Study Initiation).

 

Follow-up was complete, with the outcome known for all 24 infants. Panel A 
shows curves for infants stratified according to the actual treatment received. 
Mortality did not differ significantly between the two groups (hazard ratio for 
death associated with tracheal occlusion, as compared with standard care, 
1.20; 95 percent confidence interval, 0.29 to 4.67). Panel B shows curves for 
infants stratified according to the lung-to-head ratio (LHR). The survival rate 
was significantly higher in the group with an LHR above 0.90 than in the 
group with a lower LHR (87 percent vs. 33 percent). The hazard ratio for death 
associated with an LHR above 0.90, as compared with an LHR of 0.90 or less, 
was 0.13 (95 percent confidence interval, 0.03 to 0.64).
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Attempts to improve the outcome of severe con-
genital diaphragmatic hernia with treatments pro-
vided either before or after birth have proved to be
double-edged swords. Intensive care after birth has
improved survival but has increased long-term se-
quelae in survivors, and it is expensive.

 

8,14-18

 

 Inter-
vention before birth may increase lung size, but
prematurity caused by the intervention itself can be
detrimental. In our small study, babies with severe
congenital diaphragmatic hernia who underwent
tracheal occlusion before birth were born at an av-
erage of 31 weeks of gestational age, as a conse-
quence of the intervention. The finding that their
rates of survival and respiratory outcomes (includ-
ing the duration of oxygen supplementation) were
similar to those among infants who did not undergo
tracheal occlusion, who were born at an average of
37 weeks, suggests that any potential pulmonary
benefits of tracheal occlusion were counterbalanced
by adverse effects of earlier delivery on pulmonary
function.

The results of our study underscore the impor-
tance of randomized trials in evaluating promising
new therapies. This is the second NIH-sponsored
trial of a new prenatal intervention for severe fetal
congenital diaphragmatic hernia. The first trial
showed that complete surgical repair of the anatom-

ical defect (which required hysterotomy), although
feasible, was no better than postnatal repair in im-
proving survival and was ineffective when the liver
as well as the bowel was herniated.

 

26

 

 That trial led
to the abandonment of open complete repair at our
institution and subsequently at centers around the
world. Information derived from that trial led to the
development of measures of the severity of pul-
monary hypoplasia, including liver herniation and
lung-to-head ratio. The failure of complete repair
in that trial led to the development of an alternative
physiological strategy to enlarge the hypoplastic fe-
tal lung through temporary tracheal occlusion

 

31

 

 and
to the development of less invasive fetal endoscop-
ic techniques that did not require hysterotomy to
achieve temporary, reversible tracheal occlusion.

Our ability to accurately diagnose and assess the
severity of congenital diaphragmatic hernia before
birth has improved dramatically. Fetuses with con-
genital diaphragmatic hernia and associated anom-
alies do poorly, whereas fetuses with isolated con-
genital diaphragmatic hernia, no liver herniation,
and a lung-to-head ratio above 1.4 have an excellent
prognosis (100 percent survival in our experience).
In this study, which involved delivery at a tertiary care
center, fetuses with a lung-to-head ratio between
0.9 and 1.4 had more than an 80 percent chance of
survival. The small number of fetuses in both treat-
ment groups with lung-to-head ratios of 0.9 or less
had a poor prognosis.

It is possible that approaches to tracheal occlu-
sion other than that used here might be beneficial.
Although the duration of occlusion in this study
(36.2

 

±

 

14.7 days) was similar to that used in animal
models,

 

35-39

 

 the optimal timing and duration of oc-
clusion in humans are not known. Short-term oc-
clusion later in gestation and earlier occlusion (with
possible reversal in utero) have been studied in an-
imal models

 

25-27

 

 and applied in humans by our-
selves and others. On the basis of the results of this
trial, the Eurofoetus group is developing a random-
ized trial of fetoscopic endoluminal tracheal occlu-
sion for fetuses with liver herniation and a lung-
to-head ratio of less than 0.9 (Deprest J: personal
communication). It is also possible that the risk of
premature rupture of the membranes, leading to
preterm labor and delivery, might be reduced by us-
ing smaller (2-mm) fetoscopes percutaneously and
new techniques to seal the membranes, although
these approaches require study.

The current findings demonstrate that fetal tra-

 

* Denominators vary because some infants did not survive to discharge. Plus–

 

minus values are means ±SD. CDH denotes congenital diaphragmatic hernia.

 

Table 4. Respiratory and Gastrointestinal Outcomes According to 
the Treatment Group.*

Outcome
Standard

Care
Tracheal

Occlusion
P

Value

 

Age at CDH repair — days 6.7±2.2 5.7±2.3 0.27

Prosthetic patch CDH repair 
— no./total no. (%)

10/11 (91) 11/11 (100) 1.00

Age at successful extubation — days 35.3±20.5 38.8±15.5 0.33

Age at hospital discharge — days 62.1±28.7 59.6±17.9 0.85

Supplemental oxygen at discharge 
— no./total no. (%)

4/9  (44) 4/8  (50) 1.00

Age at full enteral feeding — days 27.2±10.5 31.9±11.9 0.33

Fundoplication — no./total no. (%) 8/11 (73) 7/11 (64) 1.00

Gastrostomy tube — no./total no. (%) 3/10 (30) 1/9  (11) 0.58

Tube feeding at discharge 
— no./total no. (%)

5/9  (55) 4/8  (50) 1.00

Antireflux medications at discharge 
— no./total no. (%)

8/9  (89) 7/8  (88) 1.00

Weight gain at discharge — g 680±490 570±540 0.36
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cheal occlusion at 23 to 27 weeks of gestation to
treat congenital diaphragmatic hernia is feasible
with the use of minimally invasive fetoscopic tech-
niques, but the results, in terms of fetal mortality
and morbidity rates, are no better than those with
postnatal care at a tertiary center. Fetuses with lung-
to-head ratios of less than 0.9 have a low rate of sur-
vival and remain the focus for the development of
new treatment strategies, either before or after birth.
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