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Summary

Congenital diaphragmatic hernia (CDH) is a rare condition. The aetiology of CDH is often 

unclear. In our case, a hollow mass was noted on MRI. Cardiac ejection fraction was diminished 

(47.0%) compared to 60.5% (average of 10 other normal animals, P < 0.05). The final diagnosis of 

congenital diaphragmatic hernia (Bochdalek type) was made when the sheep underwent surgery. 

The hernia was right-sided and contained the abomasum. Lung biopsy demonstrated incomplete 

development with a low number of bronchopulmonary segments and vessels. The likely cause of 

this hernia was genetic malformation.

Introduction

Congenital diaphragmatic hernia (CDH) is a rare condition that occurs in <1 in 5000 live 

human births (Gallot et al., 2007). Incomplete embryonic fusion between the lateral and 

posterior components of pleuroperitoneal membranes leads to hernia development (Doyle 

and Lally, 2004). The aetiology of CDH is unclear, although up to 15% are due to 

chromosomal abnormalities (Bedoyan et al., 2004). A review of the literature produced no 

reports of congenital Bochdalek hernias in large animals, although another type of 

congenital diaphragmatic hernia associated with an anterior defect, Morgagni, has been 

noted in dogs (Schmiedt et al., 2009) and horses (Pauwels et al., 2007). Anatomically, there 

is a marked difference between the two types: Morgagni hernias occur retrosternally and are 

more easily diagnosed, often manifesting visually as a protrusion from the upper medial 

abdomen, whereas Bochdalek hernias occur posterolaterally and are much more difficult to 

diagnose. The pathophysiology of the two conditions also differs.

Materials and Methods

All animal care and procedures were performed in compliance with the National Institutes of 

Health and guidelines established by the Carolinas Medical Center Institutional Animal Care 

and Use Committees. A 1-year-old male Dorsett sheep weighing 43 kg with no history of 

trauma or previous surgery was accepted to our facility for research study. At baseline, all 
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body systems and tests were normal as assessed by physical examination, complete blood 

count, chemistry panel and parasites.

Results

Hemodynamic measurements obtained by magnetic resonance tomography (MRI), and 

Millar catheter demonstrated diminished cardiac function. Left ventricular ejection fraction 

(EF) was 47.0%, well below the average baseline EF measured in 10 normal sheep in our 

laboratory of 60.5 ± 1% (P < 0.05). End-systolic volume was 61.0 ml versus 36.9 ml, and 

end-diastolic volume was 115.0 ml versus 92.7 ml compared to normal animals (both P < 

0.05). A non-specific hollow oblong mass approximately 12 cm long and 8 cm in diameter 

was identified in the right postero-inferolateral region of the thoracic cavity. Our initial 

diagnosis was that of a cyst deemed to most likely be benign given that there were no signs 

of inflammation or malignant tumour processes. One week later, the animal received gene 

therapy during cardiac surgery. Sedation, anaesthesia and post-operative care were 

administered as previously described (Pritchette et al., 2013). On examination, it was found 

that a portion of the abomasum (fundus and body) protruded through a congenital 

diaphragmatic hernia in the Bochdalek foramen of the right side, causing slight lateral 

displacement of the heart. The caudal lobe of the right lung was also found to be hypoplastic 

(Fig. 1a,b). An echocardiogram revealed no other congenital malformations of the heart. The 

surgeon and attending veterinarian elected not to surgically repair the hernia defect, and the 

animal was closed normally. Post-operatively, the animal required more than usual extended 

ventilation assistance. After that the animal was returned to the colony and received typical 

post-operative care. Accordingly, the animal’s diet was supplemented with high calorie 

nutrition. Six weeks after surgery, the animal’s weight began to decrease and the decision 

was made to euthanize the animal under anaesthesia via sodium pentobarbital injection.

Necropsy revealed a larger portion of the abomasum (fundus and body) and a proximal 

portion of the omasum in the thoracic cavity. The mediastinum was shifted to the left. 

Microscopic analysis of lung tissue samples revealed incomplete development of the right 

caudal lobe with abnormally small alveoli and decreased blood vessel density compared to 

the left lower lobe (Fig. 2a,b). The other organs were normal.

Discussion

This rare Bochdalek hernia, previously unreported in large animals, had significant effects 

on cardiac and pulmonary function. In our opinion, the underdevelopment of the pulmonary 

tree with a reduction in the number of lung vessels caused an increase in pulmonary vascular 

resistance and a predisposition for pulmonary hypertension with development of cardiac 

insufficiency. Abomasal protrusion through the hernia in this sheep reduced the cardiac 

preload resulting in a load-dependent reduction in cardiac function. The decision not to 

repair the hernia during the surgical procedure was made because it has been demonstrated 

that reduction in the hernia does not improve lung mechanics and may decrease the 

compliance of the chest wall in the post-operative period, which was contraindicated after 

cardiac surgery. Reduction in the viscera into abdominal cavity can also cause increased 

abdominal pressure that may be detrimental to the animal (Sakai et al., 1987). The animal 
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also received heparin as a normal part of the procedure, elevating the risk of abdominal 

bleeding. The pre-operative diagnosis of a Bochdalek hernia in adult human patients is 

challenging, and it is commonly misdiagnosed. Unlike infants, most adult patients are 

asymptomatic. The animal’s history and physical examination in our case was not helpful in 

making the diagnosis. Only MRI scans and surgery allowed us to establish the correct 

diagnosis.

In summary, here we describe the incidence of cardiac insufficiency and lung hypoplasia 

caused by a congenital diaphragmatic hernia (Bochdalek type) in an adult sheep. Additional 

studies are necessary to obtain more information about the aetiology of this rare defect.
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Fig. 1. 
(a) Intra-operative view of thorax through median sternotomy during CPB. l – lung; h – 

heart; p – pericardium; a – abomasum; d – diaphragm. (b) Illustration of thoracic and 

gastrointestinal anatomy at the time of surgery.
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Fig. 2. 
(a) Haematoxylin and eosin stained lung tissue from the caudal lobe of the left lung. (b) The 

hypoplastic caudal lobe of the right lung: incomplete development of the right caudal lobe 

with abnormally small alveoli and low blood vessel density.
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