
Received: 15 January 2021 - Revised: 7 July 2021 - Accepted: 11 July 2021

DOI: 10.1002/pd.6019

OR I G I NA L AR T I C L E

Prenatal stomach position and volume in relation to postnatal
outcomes in left‐sided congenital diaphragmatic hernia

Katinka Weller1 | Nina C. J. Peters1 | Joost van Rosmalen2,3 |

Suzan C. M. Cochius‐Den Otter4 | Philip L. J. DeKoninck1 | Rene M. H. Wijnen4 |

Titia E. Cohen‐Overbeek1 | Alex J. Eggink1

1Division of Obstetrics and Fetal Medicine,

Department of Obstetrics and Gynecology,

Erasmus MC‐Sophia Children's Hospital
University Medical Center Rotterdam,

Rotterdam, The Netherlands

2Department of Biostatistics, Erasmus

University Medical Center Rotterdam,

Rotterdam, The Netherlands

3Department of Epidemiology, Erasmus

University Medical Center Rotterdam,

Rotterdam, The Netherlands

4Department of Pediatric Surgery and

Intensive Care, Erasmus MC‐Sophia Children's
Hospital University Medical Center

Rotterdam, Rotterdam, The Netherlands

Correspondence

Katinka Weller, Division of Obstetrics and

Fetal Medicine, Department of Obstetrics and

Gynecology, Erasmus MC‐Sophia Children's
Hospital, University Medical Center

Rotterdam, Room Na‐1608, PO Box 2060,

NL‐3000 CB Rotterdam, The Netherlands.

Email: k.weller@erasmusmc.nl

Abstract

Objective: To examine the association between prenatal stomach position (SP)

grade and stomach volume (SV) and the need for pulmonary hypertension (PH)

treatment after birth in prenatally diagnosed left‐sided congenital diaphragmatic

hernia (CDH), live born >34 weeks.

Methods: In retrospect, SP grade and SV were determined in fetuses with isolated

left‐sided CDH from 19 weeks gestational age (GA) onwards at three different time

periods (≤24 weeks' GA: US1, 24–30 weeks' GA: US2; ≥30 weeks' GA: US3). Pri-

mary outcome was need for treatment of PH after birth. Secondary analyses

included the predictive value of SP and SV for other respiratory outcomes and

postnatal defect size.

Results: A total of 101 fetuses were included. SP grade was significantly associated

with need for treatment of PH (US1, US2, and US3: p < 0.02). Also, prenatal SP

grade was positively associated with defect size and development of chronic lung

disease (CLD) in survivors. No association was found between SV and respiratory

morbidities or postnatal defect size.

Conclusion: SP grade in left‐sided CDH fetuses is associated with an increased need

for PH treatment, a larger postnatal defect size and CLD in survivors. We consider

SP determination a valuable contribution to the prenatal assessment of left‐sided
CDH.

Key points

What is already known about this topic?

� Prenatal stomach position (SP) grade has been proposed as a predictive ultrasound

parameter for postnatal survival, patch repair, need for extracorporeal membrane

oxygenation and need for prolonged respiratory support in left‐sided congenital dia-

phragmatic hernia (CDH).
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What does this study add?

� In children with left‐sided CDH, prenatal SP grade is associated with an increase in need for

treatment of pulmonary hypertension and development of chronic lung disease, with the

greatest increase in SP Grade 2 and 4.

� A higher prenatal SP grade is associated with a larger postnatal defect size.

� In the majority of cases SP grade does not vary throughout gestation.

1 | INTRODUCTION

Congenital diaphragmatic hernia (CDH) is a life‐threatening condi-

tion after birth. Survival rates have increased over the years; yet

those who survive have an increased risk of morbidity.1,2 Prediction

of longer term morbidity is difficult and prenatal counseling of par-

ents remains challenging.3,4 Currently the most validated predictive

ultrasound (US) parameters for postnatal outcome in fetuses with

left‐sided CDH include the observed‐to‐expected lung‐to‐head ratio

(O/E LHR) and liver position (intra‐abdominal or intra thoracic).5–7

However, the predictive value of these parameters for (co)

morbidity in surviving CDH infants, for example, pulmonary hyper-

tension (PH), gastrointestinal morbidities, or prediction of the actual

(postnatal) defect size remains limited.3,4,8–11

Previous studies have explored the predictive value of the

prenatal stomach position (SP) for the occurrence of postnatal

morbidity, using the grading system proposed by Cordier et al.12–15

It was shown that the prenatal SP is a potential marker for post-

natal survival, the need for postnatal patch repair, need for extra-

corporeal membrane oxygenation (ECMO), and need for prolonged

respiratory support.12,14 Moderate to almost perfect inter‐ and

intraobserver agreement for the determination of prenatal SP has

been shown by different groups, which might support its clinical

applicability.12,16

We hypothesize that a higher SP grade, ranging from 1 up to 4, is

directly correlated to a larger defect size and a greater shift of the

abdominal organs to the thorax. If this is true, a larger intrathoracic

shift, together with a larger intrathoracic stomach volume (SV), might

result in more severe pulmonary hypoplasia. Therefore, the primary

aim of the study was to determine whether SP and SV predict the

development of respiratory morbidity, primarily the development of

PH. Secondarily, we studied the predictive values of SP and SV for

the development of chronic lung disease (CLD) in survivors, presence

of gastrointestinal disorders, mode of surgery (thoracoscopy or lap-

arotomy) and/or use of patch, and postnatal defect size.

2 | METHODS

This observational, retrospective cohort study included children with

isolated left‐sided CDH prenatally diagnosed by US, who were live

born >34 weeks gestational age (GA) and treated at the Erasmus

University Medical Center Rotterdam, The Netherlands, between

January 2007 and January 2018. Exclusion criteria were defined as:

right‐sided or bilateral CDH, no postnatal confirmation of CDH

diagnosis, associated major structural abnormalities which could in-

fluence the development of PH or gastrointestinal function, chro-

mosomal anomalies, intrauterine fetal death, termination of

pregnancy, premature birth (<34 weeks), intrapartum death, cases

with missing data (defined as: poor quality US images and/or loss to

follow‐up) and cases with no intention to treat. All prenatal and

postnatal parameters described below were extracted from elec-

tronic patient records. The medical ethics review board of the

Erasmus University Medical Center, Rotterdam, the Netherlands,

waived approval for this study (MEC‐2019‐0618).

2.1 | Prenatal parameters

Prenatal parameters were assessed from US data obtained from 19

weeks GA onwards, in the following time periods (in weeks GA): US1

(19+0–24+0); US2 (24+1–29+6); US3 (≥30+0).7

Two physicians in fetal medicine (K. Weller and N. C. J. Pe-

ters) graded SP with the use of the grading system of Cordier

et al.13 (Figure 1). If US images were not of sufficient quality to

determine the grade, SP was classified as “poor quality.” The

intrathoracic SV was measured in available three‐dimensional
(3D)‐sweeps of the thoracic cavity. With the use of VOCAL soft-

ware, the inner SV was traced with a rotation step of six degrees

(4D‐view, GE Medical System) and expressed in mm3. If more than

one volume had been obtained in one US study, the mean volume

was used in the analysis. Volumes were made as part of an

ongoing study on lung development in CDH patients (MEC 2004‐
227 P04.1325L).

For the estimation of pulmonary hypoplasia severity, we

created three sub groups according to Jani et al.—based on the

combination of O/E LHR and liver position.17 The O/E LHR was

determined using the tracing method.7,17 Liver position was defined

as either in the thorax: “up” or in the abdomen: “down.” The sub-

groups were classified as either mild (O/E LHR >46% or O/E LHR

36%–45% + liver down), moderate (O/E LHR 36%–45% + liver up

or O/E LHR 26%–35%) or severe (O/E LHR ≤25%). The presence of

polyhydramnios was defined as an amniotic fluid index greater than

24 cm.18
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2.2 | Perinatal and postnatal parameters

The following perinatal and postnatal parameters were collected up

to the age of 1 year: GA at birth, birthweight, need for treatment of

PH, PH on echocardiogram, presence of CLD, need for ECMO, mode

of surgery, need for prosthetic patch, defect size, position of the liver

as reported during surgery (intrathoracic or abdominal), time elapsed

until full enteral feeding, duration of tube feeding, length of stay at

the intensive care unit (ICU), total hospital stay, survival, height and

weight at 6 and 12 months.

Need for treatment of PH was defined by treatment with either

inhaled nitric oxide or intravenous sildenafil during initial hospitali-

zation, which are the first choice of treatment for PH in our cen-

ter.19,20 PH on echocardiogram was defined as pulmonary pressures

higher than two‐thirds of the systemic pressures on echocardiogra-

phy, measured at the first day of life.19 CLD was defined as oxygen

dependency for at least 28 days, determined between day 28 and 56

of life.21 Need for high frequency oscillation ventilation was not

included as outcome parameter since this was not part of routine

care in our center from 2013 onwards.22 Mode of surgery for post-

natal repair of the diaphragmatic defect was either thoracoscopy or

laparotomy. The initial choice for mode of surgery was based on the

patient's stability, the suspected size of the defect and liver position,

with “liver up” being an indication for laparotomy. If thoracoscopy

had been converted to laparotomy, we classified mode of surgery as

laparotomy.23 Defect size was classified as A, B, C, or D by the pe-

diatric surgeon during surgery or in retrospect from the surgical

report, according to Lally et al.24

Gastrointestinal morbidity was evaluated by two endpoints: (1)

age at full enteral feeding, that is, number of days elapsed until partial

or complete total parenteral nutrition6 was stopped; and (2) number

of days elapsed until tube feeding was stopped. Physical growth was

assessed according to Dutch reference norms, defined as SD scores

(SDS) of length and weight at the ages of 6 and 12 months.25

2.3 | Statistical analysis

2.3.1 | Baseline characteristics

Patient baseline characteristics are described as absolute numbers

(%) for categorical data and median (interquartile range [IQR] for

continuous data. Patient parameters were compared between the

group of infants who needed treatment for PH and the group of those

who did not. We used the Fisher's exact test for nominal or ordinal

data and Mann–Whitney tests for continuous data. Consistency be-

tween SP at US1, US2, and US3 and the interrater agreement of the

graded SP between raters K. Weller and N. C. J. Peters at the three

F I GUR E 1 Ultrasound images. Prenatal stomach (S) position Grades 1–4, according to the grading system of Cordier et al.14 at 20–24
weeks GA. Grade 1: abdominal, stomach not visualized in the chest. Grade 2: or anterior left in the chest. Grade 3: mid to posterior left chest.
Grade 4: retrocardiac. Ultrasound images from the Erasmus University Medical Center
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different US time periods was evaluated using the weighted Cohen's

kappa coefficient (κ). K. Weller and N. C. J. Peters both graded the SP

in 30 randomly selected patients, blinded to each other's result.

Correlations between SP and the CDH severity subgroups were

analyzed using Spearman's rank correlation coefficient. The associa-

tion between SP and prenatal liver position was analyzed using a

Fisher's exact test.

2.3.2 | SP and postnatal outcomes

Differences in dichotomous outcome variables in relation to the

different SP grades were analyzed by use of χ2 or Fisher exact

tests. Post hoc pairwise comparisons of the four categories of SP

grade were performed using χ2 or Fisher exact tests with the

Bonferroni method to account for the effects of multiple testing,

that is, with an adjusted significance level of 0.05/6. A Kruskal–

Wallis H test was used to analyze differences in the postnatal

defect size amongst the four SP groups. Associations between SP

grades and continuous outcomes were analyzed using the

Jonckheere–Terpstra test.

2.3.3 | SV and postnatal outcomes

To calculate the predictive value of SV (a continuous variable) for

dichotomous outcomes, receiver operating characteristics (ROC)

curves were made for US1, US2, and US3 separately. Data are pre-

sented as area under the curve with the 95% confidence interval

(95% CI). The correlation of SV at, respectively, US1, US2, and US3

with continuous postnatal outcomes was evaluated using Spearman's

rank correlation coefficient.

All analyses were performed using SPSS version 25.0 for Win-

dows. A two‐sided p value of <0.05 was taken to indicate

significance.

3 | RESULTS

3.1 | Study population

A total of 193 prenatally diagnosed CDH patients were seen in our

center, and 101 were included in the study. Reasons for exclusion are

detailed in Figure S1. Two patients were excluded because treatment

was discontinued shortly after birth (within 3 and 12 h, respectively).

Both had a very poor prognosis with bradycardia and respiratory

insufficiency directly after birth, nonresponsive to maximal thera-

peutic interventions. Of the 101 included patients, 19 did not survive

until 1 year of age (median days alive: 19, IQR: 11–36 days). Thirteen

of them had respiratory complications such PH refractory to medical

treatment. Only one fetus of this series, with SP Grade 2, was treated

with fetoscopic endoluminal tracheal occlusion without complica-

tions. This child died 75 days after birth due to persistent PH, not

responding to maximal therapy. One child died at day 11 from

untreatable PH, after having received an erroneously high dosage of

prostaglandins.

3.2 | Prenatal and perinatal characteristics

Baseline characteristics are summarized in Table 1. CDH severity

(mild, moderate, or severe) at US3 differed significantly between

patients treated for PH and those not treated for PH (p = 0.009).

Data on prenatal SP is summarized in Table 2. US data were

available for 57 patients at US1, 48 at US2, and 98 at US3. Thirty‐
two patients were seen at all three time periods. Missing data

were due to referral to our hospital not until the third trimester or

to poor quality of the US images. SP grade at US1 was found to be

consistent with the SP at US2 (n = 32, κ = 0.97, 95% CI: 0.91–

1.03) and US3 (n = 51, κ = 0.87, 95% CI: 0.76–0.97), and SP grade

at US2 was consistent with the SP at US3 (n = 48, κ = 0.87, 95%

CI: 0.76–0.99). Of the 32 patients seen at US1, US2, and US3, 28

patients (88%) showed a constant SP grade throughout all time

periods. Agreement of SP grade between the two raters at US1,

US2, and US3 was almost perfect (US1: κ = 0.92, 95% CI: 0.75–

1.08; US2: κ = 0.91, 95% CI: 0.73–1.09; US3: κ = 0.88, 95% CI:

0.75–1.02). 3D US data for the assessment of SV was available for

31 (31%) patients (Table S3).

At all assessed US time periods, a higher SP grade (Grade 3 and

Grade 4) was associated with prenatal intrathoracic liver position

(US1: p < 0.001; US2: p < 0.001; US3: p < 0.001) and a lower O/E

LHR (US1: p = 0.001; US2: p < 0.014; US3: p < 0.001). In addition, SP

was significantly correlated to CDH severity (mild, moderate, or se-

vere) (US1: p ≤ 0.001; US2: p = 0.001; US3: p < 0.001). SV was not

associated with liver position, O/E LHR or CDH severity (data not

shown).

3.3 | Postnatal outcomes

Analyses of the relation between prenatal SP and SV and postnatal

outcomes are summarized in Tables 3 and S1–S4.

3.4 | Respiratory outcomes

SP grade at any US time period was significantly associated with an

increased need for treatment of PH (US1: p < 0.001; US2: p = 0.015;

US3: p < 0.001) and ECMO (US1: p = 0.014; US2: p = 0.017; US3:

p < 0.001). In addition, SP grade at US2 or US3 was significantly

associated with the development of CLD in surviving infants

(p = 0.023 and p < 0.001, respectively). No associations were found

between SP grade and PH on echocardiogram (US1: p = 0.116; US2:

p = 0.419; US3: p = 0.671). In post hoc pairwise comparisons be-

tween SP grades, infants with a prenatal SP Grade 2 at US3 showed

higher incidences of treatment of PH (62% vs. 36%, p = 0.034) and
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development of CLD (77% vs. 51%, p = 0.033) than infants with a

prenatal SP Grade 3 at US3, but these differences were not statis-

tically significant after adjustment for multiple testing. Results for

other pairwise comparisons are not shown. The patients who were

excluded from analysis because of death within 24 h had been

diagnosed with isolated left‐sided CDH (n = 2) and had a prenatal SP

TAB L E 1 Baseline characteristics
CDH patients (n = 101)

p ValuePH‐treated: No (n = 56) PH‐treated: Yes (n = 45)

Maternal parameters

Maternal age (years) 32 (27–36) 30 (26–34) 0.527

Maternal BMI 23.5 (21.6–26.4) 23.1 (20.8–28.1) 0.835

Nulliparous 32 (57.1) 20 (44.4) 0.233

Prenatal parameters

Polyhydramnios 14 (25) 17 (38) 0.196

US1 (n = 55)

Prenatal liver position: Up 13 (23) 10 (22) 0.785

CDH severity 0.771

Mild 19 (34) 17 (38)

Moderate 10 (18) 8 (18)

Severe 00 (0) 1 (2)

N.A. 27 (48) 19 (42)

US2 (n = 51)

Prenatal liver position: Up 11 (20) 11 (24) 1.000

CDH severity 0.202

Mild 17 (30) 10 (22)

Moderate 10 (18) 13 (29)

Severe 00 (0) 1 (2)

N.A. 29 (52) 21 (47)

US3 (n = 94)

Prenatal liver position: Up 16 (29) 19 (42) 0.208

CDH severity 0.009

Mild 42 (75) 22 (49)

Moderate 11 (20) 17 (38)

Severe 00 (0) 2 (4)

N.A. 3 (5) 4 (9)

Perinatal parameters

Gender: Male 37 (66) 21 (47) 0.068

GA at delivery (weeks) 38+3 (37+5–38+6) 38+1 (37+4–38+6) 0.570

Caesarean section 12 (21) 13 (19) 0.663

Birth weight (g) 3000 (2725–3200) 3000 (2600–3150) 0.437

Note: Data are presented as numbers (% of total inclusion number) or median (IQR), bold type p
values indicate statistical significance differences between the groups. US1, ultrasound scan ≤24
weeks gestational age (GA); US2, ultrasound scan 24–30 weeks GA; US3 ultrasound scan ≥30 weeks
GA. Prenatal liver position “up”: liver intrathoracic. CDH severity: combination of O/E LHR and liver

position according to Jani et al.16: mild (O/E LHR > 46% or O/E LHR 36%–45% + liver down),

moderate (O/E LHR 36%–45% + liver up or O/E LHR 26%–35%), severe (O/E LHR ≤ 25%).

Abbreviation: BMI, body mass index; IQR, interquartile range; PH, pulmonary hypertension.
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Grade 3 (n = 1) or SP Grade 4 (n = 1). ROC analyses of SV for res-

piratory outcomes did not show a significant association (Table S3).

3.5 | Gastrointestinal outcomes

The duration of total parenteral feeding was reported for all patients,

but the duration of tube feeding was not available for 10 patients due

to incomplete registration of time of tube removal. No significant

associations were found between prenatal SP or SV and the duration

of total parenteral feeding, tube feeding or SDS of growth parame-

ters (Tables 3, S1, S2, and S4, respectively).

3.6 | Surgery

Prenatal SP grade was significantly associated with postnatal defect

size, classified A–D (US1: p = 0.003; US2: p = 0.007; US3: p < 0.001).

In patients with a higher SP grade at US3, a laparotomy was per-

formed significantly (p < 0.001) more often than in patients with a

lower SP grade. This significant association was not seen between SP

grades at US1 (p = 0.11) and US2 (p = 0.10) and mode of surgery. At

US3, SP grade was associated with the need for a patch closure

(p = 0.002). ROC analyses of SV for mode of surgery and use of patch

did not show a significant association (Table S3). No significant as-

sociation was found between SV and postnatal defect size (Table S4).

TAB L E 2 Stomach position at US1,
US2, and US3 correlated to prenatal
characteristics

Stomach position

p ValueGrade 1 Grade 2 Grade 3 Grade 4

US1 n = 8 n = 13 n = 29 n = 4

Liver position at US1: Up 1 (13) 00 (0) 19 (66) 3 (75) <0.001

O/E LHR at US1 58 (49–75) 44 (39–48) 43 (40–49) 32 (29–47) 0.001

CDH severity at US1 <0.001

Mild 8 (100) 10 (77) 14 (48) 1 (25)

Moderate 00 (0) 1 (8) 14 (48) 3 (75)

Severe 00 (0) 00 (0) 1 (3) 00 (0)

N.A. 00 (0) 2 (15) 00 (0) 00 (0)

US2 n = 10 n = 10 n = 24 n = 4

Liver position at US2: Up 1 (10) 00 (0) 18 (75) 3 (75) <0.001

O/E LHR at US2 51 (47–63) 41 (32–54) 40 (34–47) 33 (30–40) 0.014

CDH severity at US2 0.001

Mild 7 (70) 5 (50) 8 (33) 00 (0)

Moderate 1 (10) 3 (30) 15 (63) 4 (100)

Severe 00 (0) 00 (0) 1 (4) 00 (0)

N.A. 2 (20) 2 (20) 00 (0) 00 (0)

US3 n = 19 n = 26 n = 45 n = 8

Liver position at US3: Up 1 (5) 00 (0) 26 (58) 7 (88) <0.001

O/E LHR at US3 58 (49–68) 46 (39–57) 43 (40–50) 29 (25–37) <0.001

CDH severity at US3 <0.001

Mild 17 (90) 19 (73) 25 (56) 1 (13)

Moderate 1 (5) 3 (12) 19 (42) 5 (63)

Severe 00 (0) 00 (0) 00 (0) 2 (25)

N.A. 1 (5) 4 (15) 1 (2) 00 (0)

Note: Data are presented as numbers (% of group total), p values represent the association (by use of
the Fisher exact test for liver position or Jonckheere–Terpstra test for O/E LHR) or Spearman's rank

correlation coefficient (CDH severity) between the four stomach position grades and prenatal

characteristics. Bold type p values indicate statistical significance. Liver position “up”: liver

intrathoracic. CDH severity: combination of O/E LHR and liver position according to Jani et al.16:

mild (O/E LHR > 46% or O/E LHR 36%–45% + liver down), moderate (O/E LHR 36%–45% + liver up

or O/E LHR 26%–35%), severe (O/E LHR ≤ 25%).

Abbreviation: CDH, congenital diaphragmatic hernia.
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3.7 | Hospital stay

A higher prenatal SP at US2, but not at US1 or US3, was significantly

associated with a longer stay at the ICU (p = 0.03). No other signif-

icant associations existed between SP or SV and the duration of ICU

and/or hospital stay.

4 | DISCUSSION

In this cohort of infants with isolated left‐sided CDH, prenatal SP

grade was significantly associated with respiratory morbidity and

defect size. Prenatal SP in fetuses with left‐sided CDH, graded

according to Cordier et al.13 can be reliably assessed by prenatal US,

as the interrater agreement is almost perfect. While other studies

assessed SP only at one time point in pregnancy,12–14,26 we consid-

ered more time points and found that SP did not vary significantly

throughout pregnancy.

This is the first study that shows that a higher SP grade, on a

scale from Grade 1 up to Grade 4, is positively correlated to an

increasing postnatal defect size classified A–D, and therefore might

serve as a proxy for postnatal defect size.24 This finding is in line with

previous observations reporting a higher need of a patch closure.12,14

Previous studies have shown that defect size is a major predictor of

mortality and is a reliable predictor for long‐term gastrointestinal,

neurological and pulmonary morbidity in these children.27,28 Prenatal

TAB L E 3 Stomach position at US3
and postnatal outcomes

Stomach position

p ValueGrade 1 Grade 2 Grade 3 Grade 4

US3 n = 19* n = 26 n = 45a n = 8a

PH‐treated 4 (21) 16 (62) 16 (36) 8 (100) <0.001

PH‐echocardiogram 11 (56) 20 (77) 34 (76) 7 (88) 0.116

CLDb 3 (16) 20 (77) 23 (51) 5 (63) <0.001

ECMO 00 (0) 9 (35) 7 (16) 7 (88) <0.001

Postnatal liver position: Up 1 (5) 6 (23) 24 (53) 5 (63) <0.001

Mode of surgery: Laparotomy 3 (16) 16 (62) 29 (64) 6 (75) <0.001

Defect size <0.001

A 6 (32) 00 (0) 3 (7) 00 (0)

B 7 (37) 8 (31) 11 (24) 00 (0)

C 5 (26) 16 (62) 27 (60) 4 (50)

D 00 (0) 2 (8) 3 (7) 2 (25)

Not operated 1 (5) 00 (0) 1 (2) 2 (25)

Use of patch 8 (42) 24 (92) 37 (82) 6 (75) 0.001

Duration TPN (days) 9 (7–12) 20 (14–35) 14 (11–22) 16 (10–42) 0.138

Duration TF (days) 25 (12–48) 116 (38–842) 47 (17–188) 33 (11–393) 0.984

ICU stay (days) 9 (6–25) 30 (19–58) 19 (10–37) 33 (11–97) 0.117

Total hospital stay (days) 20 (13–38) 47 (34–71) 34 (21–53) 33 (11–100) 0.509

Survival >28 days 18 (95) 24 (92) 42 (93) 5 (63) 0.083

Survival >1 year 18 (95) 21 (81) 39 (87) 2 (25) 0.001

Note: Data are presented as numbers (% of group total) or median (IQR), p values represent the
association (by use of the χ2 or Fisher exact tests for nominal, Kruskal–Wallis H test for ordinal or

Jonckheere–Terpstra test for continuous variables), bold type indicates statistical significance.

Defect size was classified according to Lally et al.21 with “A” being defects entirely surrounded by

muscle, “B” defects having a small (<50%), and “C” defects having a large (>50%) portion of the chest
wall devoid of diaphragm tissue, and “D” patients having complete or near complete absence of the

left diaphragm.

Abbreviations: CLD, chronic lung disease; ECMO, extracorporeal membrane oxygenation; ICU,

intensive care unit; IQR, interquartile range; PH, pulmonary hypertension; TF, tube feeding; TPN,

total parenteral nutrition.
aMissing cases due to death before operation.
bCLD in surviving infants (≥28 days).
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determination of defect size has only been possible with the use of

fetal magnetic resonance imaging.29 Measurement of the size of the

defect by prenatal US is still not possible, hence the degree of lung

hypoplasia can be used as a proxy as we have previously reported.7

However, contrary to SP grading the learning curve to accurately

assess the O/E LHR is extensive.30 Therefore SP grading might be a

valuable addition to determination of the lung size in fetuses with

left‐sided CDH, as earlier suggested in previous papers.5,15 Due to

small subgroup sizes in our cohort, specifically fetuses with SP Grade

4 (n = 8 at US3), multivariable regression analysis to evaluate the

individual predictive value of SP grade for postnatal outcomes was

not feasible. This limitation should be taken into account in inter-

preting the results.

The prenatal prediction of respiratory morbidity in infants

born with a CDH has proven to be challenging, in part because the

lungs will only be fully functional after birth. Both SP grading and

O/E LHR are considered as a proxy for the degree of pulmonary

hypoplasia, reflecting the chances of survival and the severity of

respiratory morbidity. In this study we have confirmed that the

position of the stomach is indeed associated with clinically relevant

PH and CLD. A previous study, too, showed a correlation between

prenatal SP and a longer length of time until resolution of PH on

echocardiogram.31 In contrast, the incidence of need for treatment

of PH in our study (45%) is lower than previously reported inci-

dence rates (>60%). These incidences are based, however, on

diagnosis of PH by echocardiography, not purely on need for

treatment.32–34 In general, PH is defined as pulmonary pressures

higher than two‐thirds of the systemic pressures on echocardiog-

raphy, measured at the first day of life. In our opinion this defi-

nition for PH overestimates the number of children with a clinical

need for treatment of PH, as was shown by our data. Thus we

propose that the number of treated infants is a more relevant

clinical outcome measure. Although we found a significant associ-

ation between a higher SP grade and respiratory morbidity,

caution remains warranted for individual cases. With the current

prenatal imaging techniques, prenatal prediction of postnatal lung

function is still highly challenging.

A recent study showed significant associations between SP

grades and gastrointestinal outcomes, defined as the duration of

parenteral nutrition and the persistence of oral aversion at the

age of 2.35 In our study population we did not find such a

relationship between SP grade and gastrointestinal outcomes

(duration of total parenteral feeding and duration of tube

feeding). Of note, the retrospective design of this study is a

potential bias and may have contributed to many missing data

and outliers for duration of tube feeding, consequently consid-

ered this an unreliable outcome parameter for this population.

The relatively low proportion of both severe CDH cases and

fetuses with Grade 4 SP (n = 8, 8%) at 30 weeks GA in our

study compared to earlier reported ranges of Grade 4 SP (17%–

26%), might explain the differences found between our and

previous studies, regarding gastrointestinal outcomes.12–14,35

We recommend future prospective research to focus on gastro-

intestinal morbidity at the age of 2 years, and study other

gastrointestinal outcome parameters, that is, oral aversion or

gastrointestinal reflux, in relation to prenatal SP. Since assess-

ment of gastrointestinal reflux through esophageal 24‐h pH/

impedance monitoring was not part of the standard follow‐up
protocol in our center during the entire study period, we were

not able to include this in the present study.

In our cohort, fetuses with a prenatal SP Grade 2 appeared

to have higher incidences of postnatal respiratory morbidity

(need for treatment of PH and development of CLD) than those

with a Grade 3, however the difference was not significant after

correction for multiple testing. More severe respiratory outcomes

in Grade 2 SP compared to Grade 3 are in contrast to Basta

et al.12 who found a linear association between SP grade and

days of ventilation. Possibly this could be explained by the

different definitions of postnatal outcome parameters (number of

days of ventilation vs. presence of CLD) in their study compared

to our study and previous studies.33 In addition, the same effect

was seen for Grades 2 and 3 and gastrointestinal outcomes.

These results seem in concordance with Cordier et al.35 who also

found that the median duration of total parenteral feeding in

fetuses with a prenatal Grade 2 SP is higher, although not

significantly, than that in fetuses with a prenatal Grade 3 SP.

One could hypothesize that an anterior position of the stomach

(Grade 2 SP) indicates a large shift of bowel and stomach, her-

niating from a posterior defect, to an anterior position within the

thorax. Possibly this leads to a larger intrathoracic pressure on

the fetal heart and lungs, whereas in fetuses with a Grade 3 SP

the stomach remains closer to the posterior defect. Despite the

fact that we have shown a significant consistency of SP grade

between different time periods of gestation, we are limited by

the number of patients with US data at all three time periods

(n = 32) and potential changes in SP grade might have been

biased. Larger patient numbers are needed to explore this

hypothesis.

Hata et al.36 measured 3D (abdominal) SV in healthy fetuses

(n = 35) in 2010, showing feasibility of SV measurement and

changing SV within a one hour examination. To our knowledge, the

additional value of thoracic SV measurements has not yet been

investigated in left‐sided CDH. In our study, mean SV was

assessed in a relatively small number of patients and was not

associated with treatment for PH or other postnatal outcome

parameters.

5 | CONCLUSION

SP grade, assessed by prenatal US, is associated with respiratory

morbidity and the postnatal defect size in left‐sided CDH. Since SP

is easy to assess, with hardly any interrater variability, and is

constant throughout pregnancy, we consider SP grading an easily
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applicable tool in the prenatal assessment of fetuses with left‐
sided CDH and a valuable contribution to counseling of future

parents.
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