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Abstract

Objective To determine the effects of antenatal corticosteroids treatment for congenital diaphragmatic hernia (CDH).

Design A multicenter retrospectively study 

Setting Guangzhou Women and Children’s Medical Center, Guangdong Women and Children Hospital, Third Affiliated Hospital of Guangzhou Medical College.

Methods Antenatal corticosteroids treatment was administered by intramuscular injection to mothers at 32 weeks of gestation (5mg twice a day for two days) depending of the clinical course and attending physician. Patients were divided into the observe group (39 cases) and the control group (40 cases).
Main outcome measures Primary outcome was mortality. Secondary outcome was pulmonary arterial hypertension (PAH)
Results: 79 cases (50 male and 29 females) were enrolled at 3 center. Of note, there was no significant difference in prenatal evaluation and the severity of PAH between this two group. The mortality of this two group was 17.% and 38.5% respectively (P=0.038). Observe group was associated with a lower survival(OR=0.3,95% CI=0.1-1.0, P=0.042). After adjusting for potential confounders, prenatal corticosteroids treatment was associated with a lower survival (OR=0.7, 95% CI=0.1 to 3.8, p=0.640）. 

Conclusion Antenatal corticosteroids treatment cannot improve the severity of PAH, nor improve the mortality. Instead,Antenatal corticosteroids treatment have been linked to increased mortality. Therefore, Antenatal corticosteroids treatment cannot be recommended in this data. 

Funding This study was supported by Guangdong Basic and Applied Basic Research Foundation, 2020A1515010296
Key words Congenital diaphragmatic hernia, prenatal corticosteroids intervention, mortality, pulmonary arterial hypertension

Tweetable abstract Antenatal corticosteroids treatment seems cannot improve prognosis in patients with CDH.
Introduction:
Congenital diaphragmatic hernia (CDH) is a common congenital defect in the diaphragm that allows herniation of abdominal viscera into the thorax, with an incidence in approximately 1 in every 2000 to 4000 live births1. Although treatment of CDH have been great improved, there remain a high death rate, especially in severe cases, survival rate is less than 15%2{Dumpa, 2020 #14;Dutemeyer, 2020 #13}. Therefore, the landscape of CDH management is changing from one of postnatal stabilization to prenatal optimization3-5. Pulmonary arterial hypoplasia (PH) is one of the main cause of mortality in CDH neonates. In these cases, antenatal interventions may improve outcomes by increasing lung growth and possibly improving pulmonary structural development. 
Until now, fetal interventions measures included fetoscopic endoluminal tracheal occlusion (FETO) and antenatal corticosteroid therapy, with both methods aiming to improve lung growth and maturity6-7. As the success of FETO is limited by technical feasibility, the complication of preterm birth and even in the best case scenario up to 40% of fetuses will eventually not survive because of limited pulmonary response2,8. Much research effort has been directed toward investigating alternative antenatal corticosteroid therapy. 
The intervention of antenatal corticosteroid therapy was developed from the observation that similarities existed between the lung in CDH and the lung in premature infants with insufficient surfactant leading to lung immaturity and hypoplasia. Therefore, in CDH, corticosteroids are thought to reverse immaturity, an observation confirmed in animal studies. However, there are one randomised study have found that prenatal corticosteroids may not provide significant benefit to fetuses with CDH9. But this study only has recruited 34 CDH cases, and there is no stratification by risk groups. In view of the previously described observations, we reviewed a multicenter retrospective study to evaluate the effect of antenatal corticosteroids therapy to fetuses with CDH.  
Methods
Clinical data
Medical records of all patients with CDH from June 2017 to August 2019 were retrospectively reviewed with approval of our ethics review board. Selection criteria for the study encompassed all patients were diagnosed with left CDH (LCDH) in utero by ultrasound before 35 weeks of gestation. Exclusion criteria included right CDH, postnatal diagnosed cases, structural heart disease (excluding patent ductus arteriosus, patent foramen ovale, or atrial septal defect), chromosome abnormality or those chose termination of pregnancy (TOP).
Clinical data included lung-to-head ratio (LHR), observed/expected lung-to-head ratio (o/e
LHR) , liver position (liver position is usually expressed as a binary variable “up”(intra-thoracic) or “down”(intra-abdominal)), prenatal evaluation, gestational age at birth, delivery mode, birth weight, gender, PH and outcome.

Prenatal corticosteroid therapy
The mothers were approached for written informed consent. Dexamethasone therapy was administered by intramuscular injection to mothers at 32 weeks of gestation (5mg twice a day for two days) depending of the clinical course and attending physician. The drugs were administered by a research nurse. Patients were divided into the observe group (39 cases) and the control group (40 cases).
Definition of Variables 

Severity of CDH was divided according to the same groups as proposed by Deprest et al: in LCDH, a LHR<1.0 or O/E LHR< 25% is defined as severe, a LHR 1.0~1.4,or O/E LHR 25-34.9% (irrespective of liver position) or O/E LHR 35~44.9% with liver up as moderate, and a LHR≥1.4,or O/E LHR 35~44.9% with liver down or O/E LHR≥45% as mild2.    
PH was estimated by the submitting center based on interpretation of pattern of ductus arteriosus and interatrial shunting, tricuspid regurgitation velocity, and septal position. For analysis, PH was defined normal, mild and several PH. Mild PH was classified as ≤ systemic systolic blood pressure(SBP). Several PH was defined as > SBP4. 

Outcome measures
The primary outcome of interest in this study was mortality. The secondary outcome of interest was PH. 

Statistical analysis
Continuous data are presented as mean±SD. Categorical data are expressed as frequency and percentage. Continuous data were compared between groups using Kruskal-Wallis test. Pearson’s x2 test and Fishers exact test for categorical data. Correlational analyses was conducted to analysis the relationship between dexamethasone therapy and the outcomes. We examined group differences in outcomes using single factor analyses. Then we applied multiple regression analyses to estimate the independent relationship between operative age and outcomes, with an adjustment for potential confounding.

A p value < 0.05 was considered significant. All analyses were performed using Empower(R) (www.empowerstats.com, X&Y solutions, Inc. Boston MA) and R (http://www.R-project.org) .

Results

Population characteristics 

At total of 122 patients were identified as potential candidates for the trial over a 2-year period in 3 centers, of which 29 cases(24.0%) chose TOP, 7 cases (5.8%) were RCDH, 2 cases(1.7%) with chromosome abnormality, 1cases with prenatal FETO and 4 cases diagnosed after 35 weeks of gestation were excluded, Figure1. 

Of the remaining 79 cases (50 male and 29 females), 39 cases were received dexamethasone therapy. Demographics and cohort characteristics are provided in Table 1. According to prenatal evaluation, there were 38(48.1%) mild cases, 22(27.8%) moderate cases and 19(24.1%) severe cases. The mean LHR was (1.6±0.7), mean o/e LHR was (0.5±0.2), Liver was in the chest in 18 (22.8%) cases. The mean gestational age at birth was (38.8±1.8)weeks, the mean birth weight was (3028.9±487.6)g, 29(36.7%) cases were born by C-section instead of vaginal birth. There were 37(46.8%) cases without PH, 17(21.5%) cases with mild PH and 25(31.6%) cases with severe PH. 22(27.8%) cases died prior to discharge, at median 2(1-11)days of life, Table 1. 

There were significant difference in LHR and o/e LHR between control group and observe group, the mean LHR was (1.8±0.7) and (1.4±0.5), respectively (P=0.003). the mean o/e LHR was (0.6±0.2) and (0.5±0.2), respectively (P=0.012). Of note, there was no significant difference in prenatal evaluation, Table 1. 

Table 2 shows there are no significant differences in the severity of PH. However, there was significant difference in mortality between control group and observe group. The mortality of this two group was 17.5% and 38.5% respectively (P=0.038). 

We further analyzed the relationship between the different prenatal evaluation and the outcome. Table 3 shows that among the different risk of prenatal evaluation, a small negative correlation exists between dexamethasone intervention and the outcomes, not only primary outcome but also second outcome.

Analysis whether the dexamethasone therapy improve the survival 

There were significant difference in LHR, o/e LHR, liver position, prenatal evaluation, dexamethasone intervention and PH between survival group and death group. There were no significant difference in gestation age, delivery mode, gender and sac situation, Table 4.

Table 5 shows the unadjusted associations between the dexamethasone therapy and the mortality using by single factor analysis. The gestational age at birth, gender and birth weigh were not significantly associated with mortality. The unadjusted associations between the primary outcome showed that, compared to a lower gestation age(<38.5 weeks), a middle age (38.5 to 39.5 weeks ) was associated with a better survival (OR=2.9, 95%CI=(0.8, 10.4), P=0.112). Liver-down was associated with a better survival (OR=3.7, 95%CI=(1.2, 11.2), P=0.02). Dexamethasone therapy group was associated with a lower survival(OR=0.3,95% CI=0.1-1.0, P=0.042).

Table 6 shows the associations between dexamethasone therapy and the mortality after adjusting for prenatal evaluation, LHR, o/e LHR, liver position, gender and gestational age. The dexamethasone therapy was not significantly associated with the mortality. However, the dexamethasone therapy reduced the mortality by 30% (OR=0.7, 95%CI=0.1~3.8, P=0.42) 

Discussion
Main findings

Antenatal corticosteroid intervention for CDH have been well described in the literature. Controversy exists as to whether use of steroids in utero for CDH improves clinical outcome. In this multicenter retrospective study, we have discussed whether the addition of corticosteroids in utero have favorable effect on the outcome in CDH. Although the difference of LHR and o/e LHR between the observe group and control group were statistically significant, after prenatal comprehensive evaluation, the prenatal assessments has no statistically difference between two groups. According to prenatal assessment, the use of dexamethasone was not only negative associated with the severity of PH, but also mortality, particularly the severe CDH. Although the difference between two groups was no statistically significance, the results shows a good clinical value. This results could impact patient counselling, and guide prenatal management.

There is now substantial research showing that the lungs of animals with CDH are immature by using various experimental models10-12. Also, by assessing the lungs of 10 infants who died of CDH, George et al found evidence of not only lung hypoplasia, but also lung immaturity. The lungs of infants with CDH demonstrated structural distortion of bronchi with airspaces, delayed acinar development, and hyaline membranes. Despite in utero referral, centralization of care and standardization of postnatal management, there remains a population of severe CDH infants with poor prognosis. The intervention of antenatal corticosteroids was developed from the observation that similarities existed between the lung in CDH and the lung in premature infants with insufficient surfactant leading to lung immaturity and hypoplasia. Antenatal interventions may improve outcomes by increasing lung growth and possibly improving pulmonary structural development. Suen et al found that administering antenatal corticosteroids accelerates lung development in the  nitrofen-induced CDH rats. And also the efficacy of antenatal corticosteroids for CDH was established in successful rabbit and sheep models10-12. 

There were only two paper reported the results of prenatal corticosteroids for fetuses with CDH. One series of only 3 patients purported benefit from multiple doses of corticosteroids for fetuses with CDH13. However, the only antenatal medical therapy for CDH studied in a human randomized controlled trial showed no differences in perinatal mortality, mechanical ventilation time, or days of hospital admission. But this trail has only 34 CDH cases, and there is no stratification by risk groups9. 

Numerous investigators using corticosteroids in utero concluded that there was a significant and progressive association between increasing numbers of steroid courses and reduced birth weight and head circumference. And also steroids have been shown to blunt the ACTH response in infants with CDH and to lead to a cushingoid syndrome. In addition, it was reported that the promotion of fetal lung maturation through the administration of glucocorticoids requires the use of drugs that are resistant to 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2), since this enzyme is highly expressed in the placenta. The same enzyme is highly expressed in the fetal brain and reduces the effects of cortisol on the central nervous system in late gestation by converting cortisol to inactive metabolites. Hence, the administration of glucocorticoids to pregnant women will cause nonphysiologic activation of glucocorticoid receptors in the fetal brain, which in animal studies has been shown to have long-term effects. Although there were still reported this negative effect in this results, results from this multicenter study indicated that the administration of antenatal corticosteroids does not improve the prognosis, not only perinatal mortality, but also the occurrence of PH. 
In this cohort, there were 29（24%） patients whose parents chose TOP. This results was partly determined by our country’s special economic and social factors. As some family members choose to induce labor due to poor prognosis, and some economic factors choose to induce labor.

We found that liver up was associated with a poorer survival. Compared to CDH with liver up, the survival of CDH with liver down was improved 3.7 times, which was identical with those reported in the previous papers14.
The optimal timing of delivery of an infant with CDH is still controversial. According to our data, the motality rates of infants who delivered between 38.5 gestation weeks and 39.5 gestation weeks was decreased 2.9 times compared to the infants who delivered younger than 38.5 gestation weeks. And this was in accordance with those reported in the previous papers, which suggested decreased mortality with advancing gestation.
Strengths and Limitations

There are several limitations of the current study. Although our study is currently the largest report on mortality in CDH with prenatal steroids intervention, this is still a retrospective study, the steroids group was administered according to the clinical course and attending physician. And also after stratified by risk groups, the sample size is small. This is an important consideration that this result may have yielded different result. Furthermore, longitudinal follow-up studies are planned and will be important to identify potential neurological effect.
Conclusions

In conclusion, although our results have some limitations, in view of the data presented here, it is unlikely that prenatal corticosteroids provide significant beneficial to fetuses with CDH. It doesn’t improve PH, moreover, it increased mortality in varying risk groups. Therefore, the prenatal corticosteroids therapy for CDH cannot be recommended in this data. 
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Table 1. Clinical characteristics for the LCDH cohort grouped by dexamethasone therapy

	
	Total
	Control group (n=40)
	Dexamethasone group (n=39)
	P

	LHR
	1.6 ± 0.7
	1.8 ± 0.7
	1.4 ± 0.5
	0.003

	o/e LHR
	0.5 ± 0.2
	0.6 ± 0.2
	0.5 ± 0.2
	0.012

	Liver position
	
	
	
	0.550

	   up
	18 (22.8%)
	8 (20.0%)
	10 (25.6%)
	

	   down
	61 (77.2%)
	32 (80.0%)
	29 (74.4%)
	

	Prenatal evaluation n(%)
	
	
	
	0.205

	   mild
	38 (48.1%)
	23 (57.5%)
	15 (38.5%)
	

	   moderate
	22 (27.8%)
	10 (25.0%)
	12 (30.8%)
	

	   severe
	19 (24.1%)
	7 (17.5%)
	12 (30.8%)
	

	Gestation age (w)
	38.8 ± 1.8
	39.0 ± 1.0
	38.5 ± 2.3
	0.264

	Birth weight (g)
	3028.9 ± 487.6
	3097.2 ± 484.8
	2958.7 ± 486.7
	0.209

	Deivery mode n (%)
	
	
	
	0.010

	  Natural birth 
	54 (68.4%)
	22 (55.0%)
	32 (82.1%)
	

	  Cesarean birth
	25 (31.6%)
	18 (45.0%)
	7 (17.9%)
	

	Gender  n(%) 
	
	
	
	0.750

	  Female 
	29 (36.7%)
	14 (35.0%)
	15 (38.5%)
	

	  Male 
	50 (63.3%)
	26 (65.0%)
	24 (61.5%)
	

	Sac n(%)
	
	
	
	0.233

	  with
	13 (19.1%)
	9 (24.3%)
	4 (12.9%)
	

	  without
	55 (80.9%)
	28 (75.7%)
	27 (87.1%)
	


CDH: congenital diaphragmatic hernia; LHR: lung-to-head ratio; o/e LHR: observed/ expected lung-to-head ratio
Table 2. Outcomes of the CDH cohort grouped by dexamethasone therapy

	
	Total
	Control group (n=40)
	Steroid group(n=39)
	P value

	Outcome n(%)
	
	
	
	0.038

	Death
	22 (27.8%)
	7 (17.5%)
	15 (38.5%)
	

	Survial
	57 (72.2%)
	33 (82.5%)
	24 (61.5%)
	

	PH n(%)
	
	
	
	0.189

	Nomal
	37 (46.8%)
	22 (55.0%)
	15 (38.5%)
	

	Mild 
	17 (21.5%)
	9 (22.5%)
	8 (20.5%)
	

	Severe 
	25 (31.6%)
	9 (22.5%)
	16 (41.0%)
	


PH: pulmonary hypertension

Table 3. Effect of prenatal dexamethasone therapy on outcomes in CDH with different severity 

	
	Total
	Mild CDH
	Moderate CDH
	Severe CDH

	PH
	r=-0.20

(95%CI:-0.4-0.02)

P=0.076
	r=-0.09

(95%CI:-0.40-0.23)

P=0.581
	r=-0.17

(95%CI:-0.55-0.27)

P=0.444
	r=-0.03

(95%CI:-0.48-0.42)

P=0.898

	Death
	r=-0.23

(95%CI:-0.43--0.01)

P=0.038
	r=-0.07

(95%CI:-0.38--0.25)

P=0.659
	r=-0.06

(95%CI:-0.46-0.37)

P=0.793
	r=-0.42

(95%CI:-0.73-0.04)

P=0.073


Table 4. Clinical characteristics for the CDH cohort grouped by the primary outcome

	
	Death(n=22)
	Survival(n=57)
	P value

	LHR
	1.2 ± 0.5
	1.7 ± 0.7
	<0.001

	O/E
	0.4 ± 0.2
	0.6 ± 0.2
	0.004

	Liver up n(%)
	9 (40.9%)
	9 (15.8%)
	0.017

	Prenatal evaluation n(%)
	
	
	<0.001

	  mild 
	4 (18.2%)
	34 (59.6%)
	

	  moderate 
	5 (22.7%)
	17 (29.8%)
	

	  severe 
	13 (59.1%)
	6 (10.5%)
	

	Steroid treatment n(%)
	15(68.2%)
	24(42.1%)
	0.038

	Gestation age (weeks)
	38.6 ± 2.6
	38.8 ± 1.4
	0.555

	Delivery(nature birth) n(%)
	18(81.8%)
	36(63.2%)
	0.110

	Gender(male) n(%)
	14(63.6%)
	36(63.2%)
	0.968

	PH
	
	
	<0.001

	 nomal
	1 (4.5%)
	36 (63.2%)
	

	 mild 
	0 (0.0%)
	17 (29.8%)
	

	 severe 
	21 (95.5%)
	4 (7.0%)
	

	Sac (with/without) n
	1/10
	12/45
	0.356


Table 5. Effects of risk factors on mortality

	
	Statistics
	OR[95%CI]
	P value

	Dexamethasone therapy
	0.5 ± 0.5
	0.3 (0.1, 1.0) 
	0.0417 

	LHR
	1.6 ± 0.7
	8.1 (2.1, 30.4)  
	0.0020

	O.E.LHR
	0.5 ± 0.2
	584.1 (4.8, 70924.8) 
	0.0093 

	Liver position  n（%）
	
	
	

	   up
	18 (22.8%)
	1.0 
	

	   down
	61 (77.2%)
	3.7 (1.2, 11.2)
	0.0209 

	Prenatal evaluation n（%）
	
	
	

	   mild
	38 (48.1%)
	1.0 
	

	   moderate
	22 (27.8%)
	0.4 (0.1, 1.7) 
	0.2117 

	   severe
	19 (24.1%)
	0.1 (0.0, 0.2) 
	<0.0001 

	Gestation age （weeks）
	38.8 ± 1.8
	1.1 (0.8, 1.4)  
	0.5500

	   < 38.5 weeks 
	22 (27.8%)
	1.0 
	

	   38.5~39.5 weeks
	30 (38.0%)
	2.9 (0.8, 10.4)  
	0.1120

	   >39.5 weeks
	27 (34.2%)
	1.1 (0.4, 3.7) 
	0.8246 

	Gender n（%）
	
	
	

	   female
	29 (36.7%)
	1.0 
	

	   male
	50 (63.3%)
	1.0 (0.4, 2.7) 
	0.9685 


Table 6. Adjusted effects of dexamethasone therapy on mortality 

	
	Non-adjusted OR[95%CI]
	P value
	Adjusta
OR[95%CI]
	P value

	Steroid therapy
	0.3 (0.1, 1.0) 
	 0.0417
	0.7 (0.1, 3.8)
	0.6407


 aAdjusted: LHR, o/e LHR, Liver position, Prenatal evaluation

