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Scope of the Problem: 
• Congenital diaphragmatic hernia (CDH) carries 

significant morbidity and mortality despite 
critical and surgical intervention.   
– Maintains an estimated 60% - 70% survive Rate  

•  High-volume centers.  

• Approximate: 1:3000 live births1  
–  Highly unpredictable outcomes  

– Significant resource allocation: 
• iNO/ECMO 

• “Long course of course of care” 

• “Follow-up care” 
1 Losty PD, et al. Congenital diaphragmatic hernia: Where and what is the evidence?. Seminars in Pediatric Surgery. 2014; 23: 278-282 
2 Congenital Diaphragmatic Hernia: Updates and Outcomes. Jennifer R. Benjamin, MD, Matthew J. Bizzarro, MD and C. Michael Cotten, 
MD, MHS. NeoReviews Vol. 12 No. 8 August 1, 2011. pp. e439 -e452 

Side of Hernia Incidence  

Left Side  ~85% 

Ride Side  ~13% 

Bilateral  ~2% 



Objectives: 

• Frame the ongoing controversies regarding 
Pre-surgical management of infant with CDH 

• Introduce Potential Pre- and Post-neonatal 
mortality risk factors 

• Discuss the Pre-surgical Clinical Measures and 
mortality risk 

• Review use of ECMO and its relationship to 
– Outcomes 

– Risk Scoring  

 

 



Background: 

• Early pre-surgical management is often 
complicated by physiologic derangement 2° to: 

– Degree of lung hypoplasia 

– Pulmonary hypertension  

– Need for inter-facility transport  

• Not without risk 

• Infants who fail to achieve adequate 
oxygenation and/or perfusion with maximum 
medical support are regularly supported by 
extracorporeal membrane oxygenation (ECMO) 

 



Background 

• Questions remain regarding the best practice 
approaches to stabilization intervention and 
patient selection for advance therapies.  
– Validated postnatal inter-institutionally applicable 

adjusted measure of CDH outcomes remains 
elusive 

• Currently, no one risk matrix has the ability to 
discern: 
– Level of Pulmonary compromise/hypoplasia 

– Resource needs 

– Survival    



Prenatal Diagnosis: 

• Beneficial in improving postnatal management 

•  Suggested Measures: 
– Observed to Expected - Head: Lung Ratios 

– MRI Lung Volumetry  

– Side of Herniation (right worse prognosis) 

– Herniation Size (liver/stomach in chest)  

– Associated congenital abnormalities  

– Delivery site  

– Physiologic Derangement/Clinical Status 

1 Solevag AL & Cheung P. Predicting the Outcome of Congenital Diaphragmatic Hernia in a SNAP (Score for Neonatal Acute Physiology). 
Pediat Critical Care Med. 2016; 17(6): 570 - 571 



O/E Lung:Head Ratio 

• Retrospective Review: 
– Prenatally Diagnosed 

– 18 to 38 weeks 

– Excluded: 
• Major congenital abnormalities 

• Bilateral CDH 

• Delivery < 30 Weeks 

• Terminated pregnancies 

– N=41 
• <45% Severe Risk 

• >45% Low Risk  

Conclusion: 

• O/E LHR does not correlate 
with long term outcome.  
King SK, et al. Journal of Pediatric Surgery 2016; 51: 699-702 



MRI Lung Volumes 

Mayer S, Klaritsch P, Petersen S, et al. Prenat Diagn 2011; 31: 1086-1096 



Meta-analysis: Prospective Studies 

• Nineteen studies (n = 602 fetuses) were included  

• Survival associated   

– Left sided defects (OR 2.52;p = 0.01) 

– Liver down (OR 0.18; p<0.0001)  

– Higher TFLV (MD 9.63; p<0.0001) 

– O/E TFLV (SMD 0.98; p<0.0001)  

– Higher birth weight (MD 146.60; p = 0.04).  

• Not correlated with Survival 

– GA at MRI (MD 0.70)  

– GA at birth (MD 0.33)  

Mayer S, Klaritsch P, Petersen S, et al. Prenat Diagn 2011; 31: 1086-1096 



Fetal MR lung volumetry in congenital diaphragmatic hernia (CDH): prediction of clinical outcome and the need for ECMO. Kilian 
AK et al. Klin Padiatr. 2009 Sep; 221 (5):295-301. Mannheim, Germany 

• Association between survival and FLV measurement 

– 25±9.7 vs. 7.6±4.4 ml (p<0.0001) 

• All infants with FLV <8.1 ml died whereas all with FLV 
>15.6 ml survived to discharge 

– Death even if ECMO therapy was initiated 

– FLV of 8.1-39.9 ml survived and may benefit from ECMO  

• All infants with FLV >36.9 ml (50.9% rFLV) survived 
without ECMO support 

– Average FLV of healthy controls 77.7±25.5 ml 

MRI FLV - Survival 



Fetal MR lung volumetry in congenital diaphragmatic hernia (CDH): prediction of clinical outcome and the need for ECMO. 
Kilian AK et al. Klin Padiatr. 2009 Sep; 221 (5):295-301. Mannheim, Germany 

• FLV Associated with ECMO Support  

– 18.2±10.1 vs. 27.2±10.2 ml (p=0.003) 

• Associated ECMO Survival  

– 22.3±8.6 vs. 8.3±5.9 ml (p=0.005) 

• Side of defect did not influence ECMO (p=0.838) 

MRI-FLV – ECMO Support 



Modified McGoon Index  

Suda K et al Pediatrics. 2000 May;105(5):1106-9.Echocardiographic predictors of outcome in newborns with congenital diaphragmatic hernia.  



MGI Appears to Predict ECMO and 
Outcome 
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P = 0.02 
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P = <0.0001 
P = <0.0001 

Graph A: 

Leif, L., Kuch, B.A. , Potoka, D. , Debrunner, M. , Brozanski, B. , Mahmood, B. Presented at ELSO, 2013 



Demographic Distribution: 
(<34 Vs. ≥34 weeks) 

Grover TR, Murthy K, Brozanski B, et al.  Short-term Outcomes and Medical and Surgical Intervention in Infants with Congenital Diaphragmatic 
Hernia.  Am J Perinatol 2015; 32:1038-1044 



Resource Utilization 
(<34 Vs. ≥34 weeks) 

Grover TR, Murthy K, Brozanski B, et al.  Short-term Outcomes and Medical and Surgical Intervention in Infants with Congenital Diaphragmatic 
Hernia.  Am J Perinatol 2015; 32:1038-1044 



Critical Care Intervention Distribution: 
Survivors vs. Non-Survivors 

Grover TR, Murthy K, Brozanski B, et al.  Short-term Outcomes and Medical and Surgical Intervention in Infants with Congenital Diaphragmatic 
Hernia.  Am J Perinatol 2015; 32:1038-1044 



SNAPP-II 
(Score for Neonatal Acute Physiology Version II) 

• Aggregate score derived from 
a standardized index which 
records illness severity by the 
magnitude of derangement 
physiologic parameters 

• Six variables  
• Designed for comparing: 

– Acuity across neonatal ICU’s  
– Bench Making of outcomes  
– Research adjustment 

• Not meant for ethical decision 
making  
   

 

Skarsgard ED, et al. J Perinatol. 2005; 25, 315-319 



• Mortality increases consistently as 

admission Snap-II increases among 

infants with CDH 

 

• Snap-II yielded a predictive model with 

comparable discrimination and 

superior calibration 

SNAP-II Predicts Mortality Among 

Infants with CDH 

Skarsgard ED, et al. J Perinatol. 2005; 25, 315-319 



Distribution of Demographic: 
ECMO Vs. No ECMO 

Coleman A, et al. First 24-h SNAP-II score and highest PaCO2 predict the need for ECMO in Congenital Diaphragmatic Hernia. J Ped 
Surgery. 2013; 48: 2214-2218    



Mortality Distribution 
(SNAP-II & PaCO2)  

Coleman A, et al. First 24-h SNAP-II score and highest PaCO2 predict the need for ECMO in Congenital Diaphragmatic Hernia. J Ped 
Surgery. 2013; 48: 2214-2218    



SNAP-II Vs. PaCO2 Predicting ECMO 

Coleman A, et al. First 24-h SNAP-II score and highest PaCO2 predict the need for ECMO in Congenital Diaphragmatic Hernia. J Ped 
Surgery. 2013; 48: 2214-2218    



Confounding Variables 
Adjusted 

Odd Ratio 

95% 

Confidence Intervals 
P Value 

24 Hour SNAP-II Score 1.03 0.97 – 1.09 0.32 

Highest PaCO2 
1.05 0.99 – 1.09 0.051 * 

Gestational Age (weeks) 1.36 0.89 – 2.09 0.16 

Logistic Regression: ECMO 

* Trend towards increase risk of ECMO  

Coleman A, et al. First 24-h SNAP-II score and highest PaCO2 predict the need for ECMO in Congenital Diaphragmatic Hernia. J Ped 
Surgery. 2013; 48: 2214-2218    



Confounding Variables 
Adjusted 

Odd Ratio 

95% 

Confidence Intervals 
P Value 

24 Hour SNAP-II Score 1.09 1.01 – 1.67 0.03 ¥ 

Highest PaCO2 
1.00 0.97 – 1.04 0.82 

Gestational Age (weeks) 1.14 0.76 – 1.71 0.53 

Logistic Regression:  Mortality 

¥ Remains associated with mortality following adjustment for 

Highest PaCO2 and gestational age.   



CBG – Predictions of Outcome  

• Retrospective Review  
– Out-born CDH (2000-2014) 

– Pre-ductal CBG 1st 24 hours  
• CBG and Pulse-oximetry  

• pH and PaCO2 

– CDHSG Probability of Survival 
• Low POS = 0-33% 

• Moderate POS = 34-66% 

• High POS = 67-100% 

• N = 44 (high risk) 
– Survivors: n=25 (56%) 

– Non-survivors: n=19 (43%) 

Grizelj et al. Survival prediction of high-risk out-born neonates with congenital diaphragmatic hernia from capillary blood gases. BMC 
Pediatrics. 2016; 16:114 



Distribution of CBG Parameters: 
Survivors Vs. Non-survivors 

Grizelj et al. Survival prediction of high-risk outborn neonates with congenital diaphragmatic hernia from capillary blood gases. BMC 
Pediatrics. 2016; 16:114 



ROC Curves 
Risk Measure vs. Outcomes 

Grizelj et al. Survival prediction of high-risk outborn neonates with congenital diaphragmatic hernia from capillary blood gases. BMC 
Pediatrics. 2016; 16:114 

• PcO2/FiO2 highest of the 3 risk measure AUC=0.87 (0.75 to 0.98) 
• Limitations: 
o CBG is effected by Cardiovascular status (i.e. Shock,  pH, etc.) 

 Large % Vasopressors [96% vs. 100%] 
 



Risk Assessment: CDH & ECMO 

Mual TM, Kuch BA, Wearden PD. Development of Risk Indices fro Neonatal Respiratory Extracorporeal Membrane Oxygenation. ASAIO 
2016; 584-590 

• Mortality Risk Stratification 
Neonatal ECMO 

• ELSO Database (2000-2010) 
• 5,455 neonates (<30 days old) 

• Longer ECMO Runs 
• Decrease survival  



CDH & ECMO Mortality Risk 

• Mortality for CDH, non-CDH, and the combined cohort for each 
PIPER quartile were similar   

• Score may offer risk stratification over simple CDH classification  
– Evidence that not all CDH patients should be expected to have such a high 

mortality 

Mual TM, Kuch BA, Wearden PD. Development of Risk Indices fro Neonatal Respiratory Extracorporeal Membrane Oxygenation. ASAIO 
2016; 584-590 



Considerations: 

• SNAPP-II is valuable tool for: 

– CDH Outcome Research 

– QI Bench Marking  

• Serial Scoring is superior to a “snapshot” 
SNAPP-II score in the first 24 hours? 

• SNAP-II is not validated nor intended for clinical 
or ethical decision making.1 

• May be useful in combination with Prenatal 
Risk Measure. 

1 Solevag AL & Cheung P. Predicting the Outcome of Congenital Diaphragmatic Hernia in a SNAP (Score for Neonatal Acute Physiology). 
Pediat Critical Care Med. 2016; 17(6): 570 - 571 




