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Fetal stomach position predicts neonatal outcomes in isolated
left-sided congenital diaphragmatic hernia

Amaya M Basta, MD1", Leslie A Lusk, MD2", Roberta L Keller, MD23, and Roy A Filly, MD34

1Dept. of Diagnostic Radiology, Oregon Health & Science University, Portland 2Dept. of Pediatrics,
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Abstract

Introduction—We sought to determine the relationship between degree of stomach herniation by
antenatal sonography and neonatal outcomes in fetuses with isolated left-sided congenital
diaphragmatic hernia (CDH).

Materials and Methods—\We retrospectively reviewed neonatal medical records and antenatal
sonography of fetuses with isolated left CDH cared for at a single institution (2000-2012). Fetal
stomach position was classified on sonography as follows: intra-abdominal, anterior left chest,
mid-to-posterior left chest, or retrocardiac (right chest).

Results—Ninety fetuses were included with 70% surviving to neonatal discharge. Stomach
position was intra-abdominal in 14% (n=13), anterior left chest in 19% (n=17), mid-to-posterior
left chest in 41% (n=37), and retrocardiac in 26% (n=23). Increasingly abnormal stomach position
was linearly associated with an increased odds of death (OR 4.8, 95%CI 2.1-10.9), extracorporeal
membrane oxygenation (ECMO) (OR 5.6, 95%CI 1.9-16.7), nonprimary diaphragmatic repair
(OR 2.7, 95%CI 1.4-5.5), prolonged mechanical ventilation (OR 5.9, 95%CI 2.3-15.6), and
prolonged respiratory support (OR 4.0, 95%CI 1.6-9.9). All fetuses with intra-abdominal stomach
position survived without substantial respiratory morbidity or need for ECMO.

Discussion—~Fetal stomach position is strongly associated with neonatal outcomes in isolated
left CDH. This objective tool may allow for accurate prognostication in a variety of clinical
settings.
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Introduction

Congenital diaphragmatic hernia (CDH) affects approximately 1 in 4000 pregnancies and is
predominantly left-sided [1]. Despite advances in antenatal diagnosis and perinatal
treatment, significant morbidity and mortality persist, primarily due to pulmonary
hypoplasia [2-5]. The degree of pulmonary hypoplasia can be assessed antenatally by
various imaging approaches, including determination of liver position (intra-abdominal
versus intrathoracic) and measurements of contralateral [the lung-to-head ratio (LHR) or
observed-to-expected LHR], or total, lung size [3, 6-11]. However, clinical experience and
published data suggest that there is variability in the assessment of these prognostic
measurements, in particular LHR and liver position by sonography [7, 12-17]. Thus, a more
reliable and reproducible prognostic indicator would be useful in the fetal assessment of left
CDH.

The consideration of fetal stomach position in left CDH is not a new concept [2, 5, 7, 8, 10,
12, 18-25]. Prior reports indicate that for isolated left CDH, liver position is helpful in
predicting the severity of the lesion, and herniation of the stomach into the left chest,
particularly if located in the mid-to-posterior left chest, helps predict liver herniation. It is
already established that intra-abdominal fetal stomach position is associated with a favorable
prognosis; the presence of the stomach within the thorax during the fetal or neonatal period
has been shown in multiple studies to correlate with adverse outcome. Specifically, survival
ranges of 25-41% versus 83-100% have been reported for the dichotomous classification of
intrathoracic versus intra-abdominal stomach position, respectively, in left CDH. Yet,
antenatal stomach position has not been broadly applied as a predictor of neonatal outcome.

Recently, Kitano and colleagues used multiple levels of progressively aberrant fetal stomach
position to demonstrate that stomach herniation into the right chest conferred the highest
likelihood of poor neonatal outcome [8, 25]. However, their proposed algorithm requires
particular expertise in fetal evaluation of left CDH: the determination of liver position and
judgment as to the degree of abnormality of the herniated stomach [12, 25, 26]. Cordier and
colleagues recently demonstrated that fetal stomach position was predictive of postnatal
survival and need for prosthetic patch repair of the diaphragm defect [21]. However, to our
knowledge, the relationship between fetal stomach position, neonatal extracorporeal
membrane oxygenation (ECMO) requirement, and short-term respiratory morbidity has not
yet been reported.

In our study, we employed an objective classification of stomach position (similar to that
proposed by Cordier et al) and hypothesized that the degree of abnormality in stomach
position on fetal sonography would be an accurate and reproducible indicator of important
neonatal outcomes in isolated left CDH, allowing for broad application as a useful predictor.

Materials and Methods

We conducted a retrospective cohort study of consecutive fetuses with left CDH evaluated at
the University of California San Francisco (UCSF) Fetal Treatment Center who received
neonatal care at the UCSF Benioff Children’s Hospital from January 2000 — June 2012.

Fetal Diagn Ther. Author manuscript; available in PMC 2017 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Basta et al.

Page 3

Fetuses were excluded if a genetic syndrome, additional coexisting anomalies, or a
Morgagni type hernia was diagnosed, or if appropriate fetal images could not be obtained.
Under institutional review board approval, fetal ultrasound examinations and medical
records were reviewed (see below).

Patient management

Infants were managed with a lung-protective ventilation strategy, as previously described
[27, 28]. Extracorporeal membrane oxygenation (ECMO) was initiated if the patient had
impending inadequate oxygen delivery despite optimal support. Surgical repair was
performed following clinical stabilization, generally within the first week of life. Clinical
decisions were not made based on fetal sonographic assessments of lung hypoplasia, such as
the lung-to-head ratio (LHR) or liver position.

Imaging data

A single radiologist (RAF) blinded to neonatal outcomes reinterpreted each fetus’ first
formal fetal anatomy sonogram performed by the UCSF Department of Radiology.
Gestational age at the time of this sonogram was recorded. Stomach position was determined
while viewing the fetal thorax in the true axial plane at the level of the four-chamber view of
the heart. It was classified by increasingly abnormal position based on the degree of
herniation into the thoracic cavity as follows: intra-abdominal (Figure 1), anterior left chest
(defined as a portion of the fetal stomach contacting the anterior chest wall, Figure 2), mid-
to-posterior left chest (defined as not contacting the anterior left chest wall but possibly
contacting the posterior left chest wall, Figure 3), or retrocardiac (defined as at least a
portion of the stomach located posterior to the left atrium of the heart within the right chest,
Figure 4). As it was frequently difficult to determine if the stomach was located in the mid
versus posterior left chest, we simplified the classification of stomach position by combining
these positions into a single category. This classification system is similar to that recently
and independently proposed by Cordier and colleagues, with our retrocardiac category
indicating the most severely displaced stomach [20, 21]. To assess reproducibility of this
classification, a subset of 25 cases were reread by the same radiologist (RAF) at a one-year
interval as well as by a radiology trainee (AMB).

Liver position (defined as intra-abdominal with absence of any liver in the thorax and
intrathoracic when any portion of the liver was herniated into the chest) was gathered from
fetal ultrasound reports and verified by the postnatal operative report when surgery was
performed. LHR measurements were gathered from ultrasound reports and only included if
the measurement was taken between 20-29 weeks gestational age. Subjects not scanned
within this window did not contribute LHR data to this analysis. The technique consistently
used at UCSF measures LHR on a transaxial view of the fetal chest at the level of the four-
chamber view of the heart. This method uses the aorta and lateral rib as landmarks for the
lateral measurement, which is multiplied by the orthogonal anterior-posterior diameter
measured from the left cardiac atrium to the posterior rib; the resultant lung area is then
divided by the head circumference.
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A single investigator blinded to the imaging data reviewed the medical records. The primary
outcome of interest was death prior to hospital discharge. Secondary outcomes were the
need for extracorporeal membrane oxygenation (ECMO), non-primary repair of the
diaphragm defect (prosthetic patch or muscle flap), prolonged mechanical ventilation, and
prolonged respiratory support. Prolonged ventilation was defined as >14 days of age at time
of successful tracheal extubation, as we have previously shown that this categorization
predicts later morbidity and is an important time point for resolution of pulmonary
hypertension [27-29]. Prolonged respiratory support was defined as the need for any support
(including nasal cannula oxygen or flow) at >56 days of age or discharge on oxygen
supplementation at <56 days based on the proposed definition of moderate-to-severe
bronchopulmonary dysplasia for infants born at >32 weeks gestational age in a National
Institutes of Health workshop [30]. Consistent with this proposed definition, we have shown
that infants with CDH who were discharged from their neonatal hospitalization on oxygen
supplementation have significant risk of later morbidity [29]. Additional clinical data
collected were potential confounding variables, including maternal age, gestational age and
birth weight, gender, mode of delivery, birth year, and prior fetal tracheal balloon occlusion)
[31].

Statistical analysis

Results

Bivariate analyses were performed using either Fisher’s exact test or Kruskal-Wallis where
appropriate. Statistically significant (p<0.05) potential confounding variables were included
in the multivariate analysis, which was performed by logistic regression. We treated the
degree of abnormal stomach position as a continuous linear variable in these models since
the bivariate analysis suggested this relationship for the outcomes of interest (test of linear
trend p<0.05 for all outcomes). Odds ratios (OR) and 95% confidence intervals (ClI) for
these estimates are presented. The inter- and intra-rater reliability for the assessment of
stomach position was analyzed using a linear weighted kappa statistic. We generated
receiver operating characteristic (ROC) curves to assess the predictive accuracy of stomach
position in comparison to both liver position and LHR (Stata version 12, Stata Corp.,
College Station, Texas, USA).

Subject characteristics

Between 2000-2012, a total of 129 fetuses with left CDH were referred to the UCSF Fetal
Treatment Center for antenatal evaluation and received neonatal care in the Intensive Care
Nursery at UCSF Benioff Children’s Hospital. We could not retrieve sonographic images for
13 fetuses, who were excluded. An additional 26 fetuses were excluded for the following
reasons: Morgagni hernia (1), major congenital anomalies (11, including 7 with cardiac
defects, 3 with pulmonary sequestration, and 1 with a head and neck teratoma), known
congenital syndrome or multiple anomalies (13), and family request for comfort care only at
birth (1). Ninety fetuses met inclusion criteria.
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The characteristics of our study population are summarized in Table 1. Newborns were
predominantly term or late preterm, with a slight male predominance. Fifteen fetuses (17%)
underwent tracheal balloon occlusion. The median gestational age at fetal sonography was
25.9 weeks (interquartile range 23.9-31.3). Stomach position was classified on all 90 fetuses
and noted to be intra-abdominal in 13 (14%), anterior left chest in 17 (19%), mid-to-
posterior left chest in 37 (41%), and retrocardiac in 23 (26%). Fifty-two fetuses had an LHR
measured between 20-29 weeks, and 88 had liver position documented.

Overall survival was 70% (63/90). Thirteen newborns (14%) required extracorporeal
membrane oxygenation (ECMO). Eighty newborns underwent surgical diaphragmatic hernia
repair; of these, 56 (70%) required non-primary repair of the diaphragmatic defect. Fifty-
three percent of those undergoing repair (42/80) required prolonged mechanical ventilation
(>14 days); 23 infants were never extubated. The mean age at successful tracheal extubation
was 15+12 days. For those discharged on room air, the mean age at discontinuation of all
respiratory support was 17+12 days, with a prolonged requirement for respiratory support
(=56 days, or discharge on oxygen supplementation) in 33% (22/66) of infants.

Relationship to neonatal outcomes

Bivariate analysis demonstrated that progressively abnormal stomach position was
significantly associated with an increased risk of death (p<0.001), need for ECMO
(0=0.005), non-primary diaphragm repair (p<0.001), prolonged mechanical ventilation
(p<0.001), and prolonged respiratory support (p<0.001) (Table 2). All newborns with intra-
abdominal fetal stomach position survived without ECMO support or prolonged ventilation
or respiratory support. Twenty-seven of the 77 neonates (35%) with intrathoracic fetal
stomach position died prior to hospital discharge, with increased risk of death with
progressively abnormal stomach position; only 39% (9/23) of newborns with retrocardiac
stomach position survived. Similarly, while a minority of newborns in our study required
ECMO, all of these patients had stomach herniation into the mid-to-posterior left chest or
retrocardiac region. The majority of infants who underwent repair of the diaphragm had a
non-primary repair, which was progressively more common with a more aberrant stomach
position; a significant proportion of infants with intra-abdominal stomach position and all
infants with retrocardiac stomach position underwent non-primary repair. Prolonged
mechanical ventilation (>14 days) was also more common with more aberrant stomach
position, as was prolonged respiratory support; two-thirds of infants with a retrocardiac
stomach position who survived to 56 days were still receiving support.

After adjusting for gestational age at birth, birth era, and fetal tracheal balloon occlusion (the
only factors significantly associated with our outcomes in the bivariate analysis),
progressively abnormal fetal stomach position continued to be associated with an increased
odds of death (OR 4.8, 95%CI 2.1-10.9, p<0.001), need for ECMO (OR 5.6, 95%CI 1.9-
16.7, p=0.002), non-primary diaphragm repair (OR 2.7, 95%CI 1.4-5.5, p=0.005),
prolonged mechanical ventilation (OR 5.9, 95%CI 2.3-15.6, p<0.001), and prolonged
respiratory support (OR 4.0, 95%CI 1.6-9.9, p=0.003).
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Diagnostic assessment of stomach position

Stomach position was a highly reproducible measurement, with an intra-rater kappa statistic
of 0.90 and an inter-rater kappa statistic of 0.97. All misclassifications were by only one
position, mostly commonly with the anterior versus mid-to-posterior left chest stomach
positions. Only one misclassification between the mid-to-posterior left chest and
retrocardiac position was seen. Areas under the ROC curves demonstrated good accuracy for
stomach position as a predictor of all of the neonatal outcomes (Table 3). Findings for liver
position and LHR were similar. There were no statistically significant differences in
predictive accuracy by the area under the ROC curves for stomach position compared to
either liver position or LHR for any of the outcomes.

Discussion

We hypothesized that the degree of abnormality in fetal stomach position on antenatal
sonography would predict neonatal outcomes in isolated left CDH. Our data strongly
support the conclusion that stomach position is an accurate and reproducible predictor of
neonatal prognosis. We have demonstrated a strong association between fetal stomach
position and death, extracorporeal membrane oxygenation (ECMO) requirement, non-
primary repair of the diaphragm, and short-term respiratory morbidity, with worse neonatal
outcomes as the stomach progressively herniates from the abdomen to the anterior left chest,
mid-to-posterior left chest, and finally to a retrocardiac (right chest) position.

In the current study, we utilize a classification of stomach position that should not require
substantial expertise to determine. Importantly, the only technical requirement is that the
classification of stomach position be undertaken on a true axial sonogram of the fetal thorax.
In support of this, we demonstrated very high intra- and inter-rater agreement. Finally,
stomach position was predictive of all of the neonatal outcomes we evaluated, even though
we imposed no restriction on the gestational age at sonography, making this measurement
even more accessible than other alternatives [7, 17].

Unlike the methodology proposed by Kitano and colleagues, our classification does not
require assessment of liver herniation, which is difficult to accurately determine on fetal
ultrasound, even with experienced operators [8, 12, 15, 25]. It has already been established
that for isolated left CDH, fetal liver position is predictive of the severity of the hernia, and
stomach position helps predict liver position [7, 8, 10, 12, 20]; measurement of both further
complicates the assessment without prognostic benefit.

Our results complement the recent work of Cordier and colleagues who reported that fetal
stomach position on ultrasound predicted not only the extent of liver herniation on fetal MRI
but also postnatal survival and need for prosthetic patch repair [20, 21]. We similarly
demonstrated high inter- and intra-observer reliability, and our estimates of the magnitude of
effect of stomach position on survival and repair type are similar, over a broad range of
gestational ages. Our work expands on Cordier et al, however, as we evaluated additional
important neonatal outcomes. We also compared the accuracy of stomach position for these
neonatal outcomes to LHR and liver position, demonstrating equivalence of stomach

Fetal Diagn Ther. Author manuscript; available in PMC 2017 January 01.
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position to these established predictors. Together, these observations confirm that stomach
position performs across varied patient populations and centers.

These findings are clinically relevant because they show that the very simple observation of
fetal stomach position is highly reproducible and predictive of multiple neonatal outcomes in
isolated left CDH; however, our study has several potential limitations. We performed our
investigation at a single tertiary care facility, but the very high inter-rater agreement (kappa
statistic of 0.97) adds credibility to the generalizability of our results in less experienced
centers. In addition, although this was a retrospective study, neonatal outcomes were masked
to those interpreting the ultrasounds, decreasing the risk of bias in these interpretations.
Finally, although neonatology practices have evolved at our institution over the course of the
12-year study period, we adjusted our results based on the patients’ era of birth to minimize
these effects on our estimates of the impact of stomach position.

An additional question may be raised over the persistence of this predictor during the course
of gestation for an individual fetus. We categorized the fetal stomach position on the
patient’s first formal sonogram, and the included studies were obtained over a range of
gestational ages. However, we did not longitudinally assess for changes in fetal stomach
position over the course of gestation since we designed this study to assess the utility of an
initial observation in the evaluation of fetal CDH. Potential future lines of research could
establish the persistence of fetal stomach position during the course of gestation for an
individual fetus. Furthermore, these observations should be further substantiated by a
prospective investigation of the predictive value of fetal stomach position in clinical practice.

In conclusion, we have demonstrated that the straightforward observation of fetal stomach
position on sonography is an accurate predictor of neonatal prognosis in isolated left CDH,
and more abnormal fetal stomach position is associated with worsening clinical outcomes.
The ease and reproducibility of this prognostic observation and its potential applicability
over a wide range of gestational ages may allow for broad application in a variety of clinical
settings.
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Figure 1. 1A & 1B. Intra-abdominal stomach position
A. Transaxial gray-scale sonographic image of the chest in a 31.4-week fetus. Bowel loops

herniated into the left chest displace the heart (Ht) to the right. The stomach is not seen
within the chest.

B. Evaluation of the fetal abdomen demonstrated normal intra-abdominal location of the
stomach (St). Spine (Sp).
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Figure 2. Anterior left chest stomach position
Transaxial gray-scale sonographic image of the chest in a 25.4-week fetus. Herniated

stomach (St) contacts the anterior chest wall and lies adjacent to the left ventricle of the
heart (Ht) within the left chest. Spine (Sp).
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Figure 3. A & 3B. Spectrum of mid-to-posterior left chest stomach position
A. Transaxial gray-scale sonographic image of the chest in a 32-week-old fetus. The

obliquely oriented stomach (St) contacts neither the anterior nor posterior chest walls and
remains entirely within the mid portion of the left chest. Heart (Ht), spine (Sp).

B. Transxial gray-scale sonographic image of the chest in a 20.7-week fetus. Herniated
stomach (St) contacts the posterior wall of the left chest. Heart (Ht), spine (Sp).
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Figure 4. A—C. Spectrum of retrocardiac stomach position
A & B. Transaxial gray-scale sonographic images of the chest in 22.1-week (Figure 4A) and

23.7-week (Figure 4B) fetuses. In both, the stomach (St) is herniated across midline, with a
portion located behind the left atrium of the heart (Ht). Spine (Sp).

C. Transaxial gray-scale sonographic image of the chest in a 41-week fetus. The stomach
(St) is entirely retrocardiac and contacts the right lateral chest wall. Heart (Ht), spine (Sp).
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Table 1

Characteristics of patients with isolated left CDH born in 2000-2012 and treated at our institution

Mean +/- SD or

Characteristic N(%)
Maternal age, years 31.3+/-6.0
Gestational age at birth, weeks 37.2+/-28
<36 weeks 17 (19%)
Birth weight, grams 3000 +/- 700
<2500 grams 16 (18%)
Male gender 53 (59%)
Cesarean section * 20 (38%)
Birth era
2000-2004 27 (30%)
2005-2008 26 (29%)
2009-2012 37 (41%)
Imaging Data

Stomach position on first UCSF anatomic survey sonogram

Abdominal 13 (14%)
Anterior left chest 17 (19%)
Mid-to-posterior left chest 37 (41%)
Retrocardiac (right chest) 23 (26%)

Gestational age at time of sonogram, weeks (median, IQR) 7 259 (23.9,31.3)
Fetal Surgical Data

Tracheal balloon occlusion 15/90 (17%)
Neonatal Outcomes

Death 27/90 (30%)
Extracorporeal membrane oxygenation (ECMO) 13/90 (14%)
Non-primary diaphragm repair # 56/80 (70%)
Prolonged mechanical ventilation (>14 days) § 42/80 (53%)
Prolonged respiratory support (=56 days) 7 22/66 (33%)

*Data about mode of delivery was available for 53 patients.
fGestationaI age by last menstrual period, or if unavailable, by ultrasound dating; total range 17.9-41 weeks.
’tEchudes patients who died prior to surgical repair (n=80).
§Exc|udes patients who died prior to 14 days of age (n=80).

”Of these, 7 patients were discharged home on oxygen prior to reaching 56 days of age.

Age at discharge ranged from 29 to 43 days, mean of 37.9 +/- 4.8 days.

Excludes patients who died prior to 56 days of age (n=66).
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