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Konjenital Diyafragma Hernisi Tanil Fetlslerde Prognostik Marker Olarak Mide Pozisyonu

Stomach Position as a Prognostic Marker in Fetuses with Congenital Diaphragmatic Hernia
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Amag: Konjenital diafragma hernisinde (KDH) mide pozisyonu ile neonatal sagkalim
arasindaki iliskiyi incelemek

Metod: Aralik 2019- Aralik 2022 tarihleri arasinda Ankara Sehir Hastanesi Perinato-
loji klinigine bagvuran 18-45 yas ve 22-39 gebelik haftalari arasinda, fetal KDH tanili
toplam 36 gebe retrospektif olarak analiz edildi. Gebelikler yenidogan sagkalimina
gore iki gruba ayrildi. Sagkalan (n=8) ve canli dogup 6len (n=22) gruplar arasinda
demografik dzellikler, klinik 6zellikler ve kontralateral akciger boyutu / bas cevresi
(LHR) orani, mide pozisyonu ve diger prognostik faktorler karsilastirildi.

Bulgular: Ortalama anne yasi 29,30 + 1,02 (17-40 araliginda) olup, hastalarin
%36'nin (13/36) ilk gebeligiydi. Tani anindaki median gebelik haftasi 25,10 (13.5-
37,6) idi. Parite, tan1 anindaki medyan gebelik haftasi, KDH tipi, karaciger pozisyo-
nu, median LHR agisindan sagkalan ve dogum sonrasi kaybedilen gruplar arasinda
istatistiksel olarak anlamli fark bulunmadi. Grade 2 mide pozisyonu sagkalan grupta
istatiksel olarak anlamli olacak sekilde daha yiiksek saptandi (p=0,01). neonatal
operasyon orani ve 1.-5. dakika apgar skorlari dogum sonrasi kaybedilen gruba
gore daha yiksek saptandi (p=0,02, p=0,01, p=0,00 sirasiyla).

Sonug: KDH'de mide pozisyonu derecelendirmesi, neonatal sagkalim ile iliskili ola-
bilecek, pratik ve uygulanabilir bir yontemdir ve grade 2 mide pozisyonu, LHR'den
bagimsiz olarak KDH'li fetiislerde artmis sagkalim ile iligkili bir belirte¢ olabilir. Bu
yontem, neonatal prognozun degerlendiriimesinde ve fetal miidahalelerin mevcut
oldugu Gglincii basamak merkeze maternal transfer gibi perinatal yonetimin plan-
lanmasinda yararli olabilir.

Anahtar Kelimeler: Konjenital diafragma hernisi, mide, prognoz

ABSTRACT

Objective: To examine the relationship between stomach position and neonatal sur-
vival in congenital diaphragmatic hernia (CDH).

Study Design: A total of 36 pregnant women with a diagnosis of fetal CDH, aged
between 18-45 years and 22-39 weeks of gestation, who applied Ankara City Hospi-
tal Perinatology clinic between December 2019 and December 2022, were analyzed
retrospectively. Pregnancies were classified into two categories based on neonatal
survival. Demographic characteristics, clinical features and contralateral lung size/
head circumference (LHR) ratio, stomach position, and other prognostic indicators
were evaluated among the survivor (n=8) and non-survivor (n=22) groups.

Results: The mean maternal age was 29.30 + 1.02 (range 17-40), and 36% (13/36)
of the patients were primigravid. The median gestational week at diagnosis was
25.10 (13.5-37.6). There was no statistically significant difference between the survi-
vor and non-survivor groups in terms of CDH type, liver position, gestational week at
diagnosis, and median LHR. Grade 2 stomach position was found to be statistically
significantly higher in the survivor group (p=0.01). Operation rate and 1st-5th minu-
te Apgar scores were higher than in the non-survivor group (p=0.02, p=0.01, and
p=0.00, respectively).

Conclusion: Stomach position grading in CDH is a practical and applicable method
associated with neonatal survival, and grade 2 stomach position may be a marker
associated with increased survival in fetuses with CDH regardless of LHR. It may be
useful in assessing neonatal prognosis and planning perinatal management, such as
maternal transfer to a tertiary center where fetal interventions are available.
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INTRODUCTION

Congenital diaphragmatic hernia (CDH) is a developmental di-
sorder of the diaphragm that results in herniation of the abdo-
minal organs into the fetal thorax. CDH is a relatively common
anomaly with an incidence of 1 in 2500 live births (1). While
in the postpartum period, the diaphragmatic defect can be re-
paired surgically, pulmonary hypoplasia caused by CDH and
pulmonary hypertension can increase morbidity and mortality
in the neonatal period (2). Postpartum mortality rates can range
from 15% to 50% in isolated cases (3, 4).

Several prenatal variables influence the survival of newborns
with CDH (5, 6). Numerous prognostic factors are used for sur-
vival prediction, clinical decision-making, and counseling (7).
The most commonly used parameters are the ratio expres-
sed as the ratio of the contralateral lung area to the fetal head
circumference (LHR), obtained in a cross-section of the fetal
thorax, and the determination of the intrathoracic liver position.
Fetal LHR is used to indirectly measure lung volume in post-
natal prognosis. Patients with right-sided CDH, chromosomal
abnormalities, severe congenital anomalies, liver herniation,
hydrops fetalis, and low fetal LHR have a poor prognosis. (6, 8).

More recent studies have begun investigating the predictive
role of stomach position on neonatal survival in CDH, and va-
rious grading systems have been developed (9, 10). A study
by Cordier et al. found that prenatal stomach position grades
could potentially predict neonatal survival, the need for neona-
tal mesh repair, the need for extracorporeal membrane oxyge-
nation (ECMO), and the need for long-term respiratory support
(9). However, there is a paucity of data in the literature on this
topic, for which there needs to be more studies.

The aim of our study is to investigate the relationship betwe-
en fetal stomach position and neonatal survival in pregnancies
with CDH and to evaluate obstetric outcomes.

MATERIALS AND METHOD

A total of 36 pregnant women diagnosed with fetal CDH who
presented to the perinatology clinic of Ankara City Hospital
between December 2019 and December 2022 were retrospec-
tively analyzed. The study protocol was approved by the Ethics
Committee of Ankara City Hospital (Decision No: E2-23-3737).
The general principles of the Declaration of Helsinki were fol-
lowed, and informed consent was obtained from all patients.

A total of 36 pregnant women between the ages of 18 and 45
years who were diagnosed with CDH and were between 22
and 39 weeks pregnant were included in the study. Cases with
premature rupture of membranes and multiple pregnancies
were excluded from the study. Cases were evaluated for de-
mographic and clinical characteristics, ultrasound findings, and
obstetric and neonatal outcomes. Pregnancy termination rate,
invasive prenatal diagnostic tests, chromosomal abnormalities,
and concomitant congenital anomalies were recorded. Accor-
ding to neonatal survival, patients were divided into two groups.
Maternal age, gravida, parity, median week of gestation at diag-
nosis, CDH type, fetal stomach position, presence of liver and
intestinal herniation, LHR, median week of gestation at delivery,
birth weight, 1-5. Minute Apgar score, mode of delivery, and
neonatal operation rate were compared. The percentages of li-
ver and intestinal herniation, LHR, and neonatal operation rates
were examined between groups according to stomach position.
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Prenatal ultrasonography

A maternal-fetal medicine specialist performed all prenatal
ultrasound examinations using transabdominal sonography
(Voluson E8; GE Medical Systems). LHR was defined as the
ratio of the product of the two longest vertical measurements
of the contralateral lung area to the fetal head circumference
in a four-chamber transverse section of the fetal thorax. The
stomach position was graded as suggested by Cordier et al., in
the four-chamber transverse section of the fetal heart used for
LHR measurement (9): Grade 1: stomach cannot be visualized,
grade 2: stomach is anterior, visualized at the level of the apex
of the heart, there is no structure between stomach and apex,
grade 3: abdominal organs are present anterior and posterior
to the stomach, the stomach is mostly anterior according to the
level of the atrioventricular valves, and grade 4: most of the sto-
mach is behind the level of the atrioventricular valve (Figure 1).

Figure 1. Ultrasonography images. Prenatal stomach position.
Grades 1-4, Cordier et al. According to the rating system. Gra-
de 1: abdominal, no stomach is observed in the thorax. Grade
2: anteriorly located stomach in the thorax, Grade 3: stomach in
the mid-posterior thorax. Grade 4: retrocardiac.

Statistics

The Statistical Package for the Social Sciences was used to
conduct statistical analyses. (IBM SPSS Statistics for MAC,
version 22.0). Visual (histograms, probability plots) and analytic
methods (Shapiro-Wilk test) were used to determine whether
variables were normally distributed. In descriptive analyses,
the median was used for variables that were not normally dist-
ributed. The Mann-Whitney U test was used for comparison
between groups when continuous variables were not normally
distributed. The Kruskal-Wallis test was used to test the sig-
nificance of the difference between three or more groups for
non-normally distributed groups. If applicable, the chi-square
and Fisher’s exact tests were used to compare categorical vari-
ables. P < 0.05 was considered statistically significant.

RESULTS

The mean maternal age was 29.30 £ 1.02 years (range, 17-40
years), and 39% (14/36) of pregnant women were primiparous.



The median gestational week at diagnosis was 25.1 (13.5-37.6). Amniocentesis was used to analyze the fetal karyotype in 12
cases (33%), and it was reported that 9 of them had a normal karyotype. Of the three abnormal karyotypes, one fetus was found
to have trisomy 12, one fetus was found to have a 15g13.3 duplication, and the other fetus was found to have Matthew Wood
syndrome. Left-sided CDH was present in 28 (78%) fetuses and right-sided CDH in 5 (19%) fetuses, posterolateral hemnia in 2
fetuses (6%), and posterior hernia in 1 fetus (3%). Congenital structural anomalies were found in 14 (39%) fetuses. Cardiovascular
(21%) and genitourinary (6.1%) were the most common system anomalies. Intestinal herniation was present in 57.6%, and liver
herniation in 42% of patients. After appropriate counseling, three families requested termination of pregnancy. In addition to CDH,
one fetus had holoprosencephaly, one had a clenched hand and aberrant right subclavian artery (ARSA), and the other had a
neural tube defect. The median week of termination was 22 weeks.

While 3 (9%) of 33 fetuses with CDH died intrauterine, 8 (24%) of 30 live births survived after birth. No significant difference was
found between the survivor group (n=8) and the non-survivor group (n=22) in maternal age, week of diagnosis, type of CDH, LHR
values, week of birth, and birth weight (p > 0.05) (Table 1).

Table 1. Comparison of demographic obstetric and neonatal outcomes among neonatal survival groups

Survivor Non-survivor p-value
(n=8) (n=22)
Maternal age (year) 26.5 (26-36) 30(18-42) 0.48
Gravida (n) 1.5 (1-6) 2 (1-6) 0.71
Parity (n) 0.5 (0-4) 1(0-4) 0.71
Gestational week at the time of diag- 29.9 (16-37) 24.7 (13-37) 0.32
nosis
CDH type 0.30
Left 8 (100%) 18 (81%)
Right 0 (0%) 2 (9%)
Posterolateral 0 (0%) 1(5%)
Posterior 0 (0%) 1 (5%)
Intestinal herniation 0.70
present 7 (88%) 15 (6%8)
none 1(12%) 7 (32%)
Liver position 0.05
Thorax 2 (25%) 14 (64%)
Abdomen 6 (75%) 8 (6%)
Additional anomaly 0.20
Izole 6 (75%) 11 (50%)
Non-izole 2 (25%) 11 (50%)
LHR 1.7 (0.8-2.8) 0.8 (0.2-2.3) 0.07
Week of birth 37.9 (36-39) 38.4 (25-39) 0.60
Birth weight 3065 (2800-3440) 2640 (770-3790) 0.08
Mode of delivery 0.18
Vaginal delivery 1(12.5%) 6 (62.5%)
Cesarean section 7 (87.5%) 16 (37.5%)
1.min apgar score 5 (4-8) 2 (0-6) 0.01
5.min apgar score 7.5 (6-9) 4 (0-8) 0.00
Neonatal operation 0.02
present 8 (100%) 4 (18%)
none 0 (0%) 18 (81%)

CDH, congenital diaphragmatic hernia; LHR, lung-to-head ratio

Values were presented as median (min-max), number, percentile (n, %)

p <0.05 was considered statistically significant
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It was found that 100% of the surviving neonates underwent surgery in the neonatal period, and it was observed that Apgar scores
were higher in the first to fifth minutes (p=0.01 and p=0.00, respectively). The rate of herniation of the liver and intestines into the
thorax was similar in the survival groups. When compared by stomach position, grade 2 stomach position was statistically signifi-

cantly higher between survival groups (p=0.01) (Table 2).

Table 2. Comparison of stomach position degrees among neonatal survival groups

Survivor Non-survivor p-value
(n=8) (n=22)
Stomach position
Grade 1 2 (25%) 10 (55%) 0.38
Grade 2 4 (50%) 1 (5%) 0.01
Grade 3 1(12.5%) 7 (32%) 0.23
Grade 4 1(12.5%) 4 (18%) 0.77

Values were presented as number, percentile (n, %)
p < 0.05 was considered statistically significant

Chi-square test

While neonatal surgery rates were higher for grade 2 stomach position, LHR and liver and intestinal herniation rates were similar

(Table 3).
Table 3. Comparison of the clinical and ultrasonographic features of the groups formed according to the degrees of stomach
position
Stomach position
Grade 1 Grade 2 Grade 3 Grade 4 p-value
(n=12) (n=6) (n=9) (n=6)
LHR 1.7 (0.2- 2.8) 1.8 (0.5-2.8) 1.3 (0.7-6.6) 0.7 (0.3-3.1) 0.13
Liver herniation 5 (45%) 3 (50%) 4 (57%) 4 (80%) 0.60
Intestinal herniation 7 (70%) 5 (100%) 5(71%) 3 (100%) 0.21
Neonatal operation 3 (25%) 6 (50%) 2 (17%) 1(8%) 0.03
Izole CDH 7 (58%) 4 (66%) 4 (44%) 4 (68%) 0.79

CDH, congenital diaphragmatic hernia; LHR, lung-to-head ratio
Values were presented as median (min-max), number, percentile (n, %)
p < 0.05 was considered statistically significant

Kruskal-Wallis test, chi-square test

DISCUSSION

In our study, stomach position ratios were examined among the
survival groups were investigated. Whereas the LHR ratio was
similar, Grade 2 stomach position was found to be higher in
neonates who survived postnatally. These results suggest that
prenatal grade 2 stomach position may be a marker associated
with increased survival in CDH independent of LHR.

Advances in prenatal diagnosis and the discovery of predictive
factors in CDH have led to improved fetal and neonatal mana-
gement in appropriate tertiary centers. There are limitations in
measuring LHR, the most commonly used parameter, such as
variations among physicians performing ultrasound and difficul-
ties in determining the border of the hypoplastic lung in severe
forms of CDH (7, 11). In addition, uncorrected LHR has been
demonstrated to increase with gestational age (12-14). For this
reason, studies on using organs herniated into the thorax as di-
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rect and indirect markers have come to the forefront. There are
publications in which the location and volume of the stomach
and liver in CDH have been studied by MRI (9, 15).

In recent years, prenatal stomach position has been recom-
mended for predicting neonatal prognosis (16-18). Some pub-
lications in the literature use different methods to evaluate fetal
stomach position in pregnancies with CDH. A study by Kitano et
al. described a 4-level grading system for stomach position; the
classification was made according to the rate of stomach herni-
ated to the thorax (10). Cordier et al., on the other hand, classi-
fied the stomach according to its position in the thorax relative
to the atrioventricular valve plane and studied the correlation
between the liver position detected on MRI and the stomach
position grades (9). They showed that grading stomach positi-
on on prenatal ultrasound is a very reliable and simple method
for indirectly assessing liver herniation to thorax in left-sided
CDH. Using the stomach position grading method by Cordier et



al., our study found that grade 2 stomach position was associa-
ted with long-term neonatal survival. The fact that the LHR ratio
was statistically similar among the survivor and non-survivor
groups also suggests that this method may be a practical and
reproducible predictor independent of LHR.

Tanacan et al. similarly classified the location of the stomach
in their study of 44 pregnant women with CDH. They found
that the stomach was in the abdomen in more than 50% of the
surviving neonates, second most commonly in the anterior left
thorax (19). Our study found a grade 2 stomach position in 50%
of the surviving infants, suggesting an increased survival rate.
Another recent study compared groups with similar LHR ratios
in infants with left-sided CDH without liver herniation and found
that neonatal morbidity was lower in infants with stomach in the
abdomen than in infants with gastric hernia (20).

Prenatal estimation of neonatal respiratory morbidity in CDH is
not entirely possible because the lungs are not functional until
after birth. Both the degree of stomach position and LHR can be
considered indicators of pulmonary hypoplasia, reflecting the li-
kelihood of survival and the degree of respiratory morbidity. The
study performed by Weller et al. showed that the time to resolu-
tion of pulmonary hypertension on echocardiography increased
with increasing degree of prenatal stomach position(15). The
increased neonatal survival seen in our study may be related
to decreased respiratory morbidity. Studies in the literature in-
dicate a linear correlation between the need for ECMO and the
degree of stomach position(17). The advantages of our study
are that the cases had homogen obstetric characteristics, and
the same physician investigated the stomach position using
prenatal ultrasound data. Limitations are the retrospective de-
sign and the criteria for long-term survival in assessing neona-
tal prognosis, and morbidities such as pulmonary hypertension
and chronic lung disease that develop in the postnatal period
were not included in the analysis. Therefore, further studies are
needed for definitive conclusions.

CONCLUSION

Stomach position grading in CDH is a practical and applicable
method associated with neonatal survival, and grade 2 stomach
position may be a marker associated with increased survival in
fetuses with CDH regardless of LHR. It may be useful in asses-
sing neonatal prognosis and planning perinatal management,
such as maternal transfer to a tertiary center where facilities
such as fetal interventions are available.
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