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	TITLE OF CASE Do not include “a case report”

	Emergency diagnosis and treatment of congenital lobar in a puppy emphysema 

	SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)

	Congenital lobar emphysema is a rare condition in dogs. A 3 month old pug presented with acute dyspnoea and radiographic findings diagnosed congenital lobar emphysema. Due to the patients rapidly deteriorating ventilation, an emergency right middle lung lobectomy was performed and recovery was uneventful. This case report describes the importance of making a prompt and accurate diagnosis of this condition, based on radiographic findings, to facilitate immediate treatment. 


	BACKGROUND Why you think this case is important – why did you write it up?

	Congenital lobar emphysema is a rare condition affecting puppies or adult dogs. They can be asymptomatic, dyspnoeic or suddenly die (Sartin and Dubielzig 1984, Herrtage and Clarke 1985, Voorhout et al. 1986, Amis et al. 1987, Tennant and Haywood 1987, Anderson et al. 1989, Hoover et al. 1992, Orima et al. 1992, Billet and Sharpe 2002, Matsumoto et al. 2004, Mitchell and Nykamp 2006, Gopalakrishnan and Stevenson 2007, Parry and White 2011, Ruth et al. 2011). 

Congenital lobar emphysema is a lung bud anomaly characterized by over-expansion of a pulmonary lobe (Evrard et al. 1999). One or more lobes may be affected. It results from a bronchial cartilage defect such as bronchial cartilage dysplasia, hypoplasia or complete aplasia (Pardes et al. 1983). This leads to bronchial collapse or extraluminal bronchial compression (Pardes et al. 1983, Kravitz 1994, Saim et al. 1994). Collapse of the bronchial lumen occurs during expiration, trapping air with each breath, resulting in progressive hyperinflation of the associated lung lobe (Karnak et al. 1999) and peripheral emphysematous bullae (Billet and Sharpe 2002). These bullae can rupture causing a spontaneous pneumothorax. The expanding air mass can compress thoracic structures causing haemodynamic and respiratory compromise that can be rapidly fatal (Gopalakrishnan and Stevenson 2007).



	CASE PRESENTATION Presenting features, clinical and environmental history

	Signalment, History and Clinical Findings

A 3 month old male entire pug presented as an emergency with acute dyspnoea. He had fallen from a table 8 days previously, but was reported to be normal after the event. He was presented to the referring veterinary surgeon 5 days previously with a cough, dyspnoea and unilateral (left) nasal discharge. A suspected pneumothorax was seen on thoracic radiographs and was drained by a right sided needle thoracocentesis, resulting in initial improvement of his dyspnoea. Serum biochemistry and haematology were unremarkable. His condition deteriorated and he was referred as an emergency. On clinical examination the puppy was severely dyspnoeic.



	INVESTIGATIONS If relevant

	Imaging Diagnosis and Outcome

Right and left lateral and dorso-ventral (DV) thoracic radiographs were obtained. The right middle lung lobe was hyperinflated and hyperlucent (Figure 1a and 1e). There was a mediastinal shift to the left. The left cranial lung lobe was herniated through the thoracic inlet. The right caudal pulmonary vessels were markedly reduced in size. The caudal vena cava was elongated and thin with deviation to the left side on the DV view. Vascular markings were visualised extending to the periphery in both hemithoraces. The stomach was moderately gas distended (Figure 1b). Complete transverse closed fractures of the right fourth, fifth and sixth ribs were present with no evidence of remodelling. The ribs were horizontally positioned on the DV view (Figure 1c). The right caudal lung lobe had an increased pulmonary opacity with reduced volume and the right diaphragmatic surface was flattened caudally (Figure 1d). The cardiac silhouette was elevated from the sternum by the hyperinflated right middle lung lobe; vessels are visualised within the lung lobe (Figure 1f). 
Based on the imaging findings the conclusions were left mediastinal shift, atelectasis of the right caudal lung lobe, cervical herniation of the left cranial lung lobe and a hyperinflated emphysematous right middle lung lobe. The right rib fractures were most likely acute, secondary to severe dyspnoea but could also have been traumatic. The reduced size of the right caudal pulmonary vessels was most likely due to compression by the hyperinflated lung lobe. The left displacement of the caudal vena cava was likely due to hyperinflation of the right middle lung lobe. Gastric distension was most likely related to aerophagia secondary to dyspnoea. The main differential diagnosis for these combined findings was congenital lobar emphysema of the right middle lung lobe. Other differential diagnoses were considered unlikely such as tension pneumothorax, lung lobe torsion or bronchial obstruction due to foreign body.


	OUTCOME AND FOLLOW-UP  

	The dog was anaesthetized and intubated as an emergency to manage developing cyanosis and poor ventilation. Despite intermittent positive pressure ventilation, the dog had falling haemoglobin oxygen saturation and worsening hypoxaemia. An emergency right-sided sixth intercostal thoracotomy was performed. Grossly the right middle lung lobe was overinflated with an emphysematous appearance to the parenchyma and compression of the adjacent grossly normal lung lobes (Figure 2). A complete right middle lung lobectomy was performed using a linear stapling device (TXV3 device; Ethicon, UK). The dog recovered well and stayed in intensive care for 48 hours, during which time he received regular coupage, analgesia (buprenorphine 0.02mg/kg every 6 hours intravenously, Animalcare, UK; meloxicam 2.5kg dose once daily per os, Norbrook Laboratories Ltd, UK; bupivacaine 2.5mg of 0.25% every 6 hours via the thoracostomy tube, Abbott, UK). The chest drain was removed after 48 hours because the amount of air and fluid produced was less than 5ml/kg/day. The dog regurgitated 2 days after surgery. He developed increased upper respiratory noise with a productive cough but on examination was not pyrexic and auscultation of his lung fields were normal. This was determined to be unrelated to his primary condition and considered to represent a minor aspiration event. The dog was discharged 4 days postoperatively with oral amoxicillin clavulanate (12.5mg/kg twice daily per os for 5 days, Vetoquinol, UK), ranitidine (2mg/kg three times daily for 5 days, GlaxoSmithKline, UK) and meloxicam (2.7kg dose once daily per os for 7 days, Norbrook Laboratories Ltd, UK). The owners were instructed to restrict his exercise for 2 weeks with toilet lead walks only and/or crate rest at home until suture removal. 

Histological findings of the right middle lung lobe included marked diffuse cartilage hypoplasia, marked multifocal emphysema of the peripheral areas of the lung lobe, moderate multifocal atelectasis and mild chronic multifocal alveolar wall fibrosis. These findings are consistent with congenital lobar emphysema. The additional findings of moderate multifocal histiocytic infiltrate of the alveolar walls and moderate multifocal pneumocytic type 2 hyperplasia may be indicative of a chronic interstitial pneumonia but could also be secondary to the other changes observed (Figure 3).



	DISCUSSION Include a very brief review of similar published cases 

	Congenital lobar emphysema is a rare condition that has been reported based on computed tomography (CT) (Parry and White 2011, Ruth et al. 2011) and radiographic images (Herrtage and Clarke 1985, Voorhout et al. 1986, Amis et al. 1987, Tennant and Haywood 1987, Anderson et al. 1989, Hoover et al. 1992, Orima et al. 1992, Billet and Sharpe 2002, Matsumoto et al. 2004, Mitchell and Nykamp 2006, Parry and White 2011, Ruth et al. 2011). This report highlights that these cases can present as an emergency. 
Common radiographic findings are hyperlucency or overinflation of the affected lung lobe (Herrtage and Clarke 1985, Voorhout et al. 1986, Amis et al. 1987, Hoover et al. 1992, Orima et al. 1992, Billet and Sharpe 2002, Mitchell and Nykamp 2006, Ruth et al. 2011) with a mediastinal shift to the contralateral side (Herrtage and Clarke 1985, Voorhout et al. 1986, Amis et al. 1987, Hoover et al. 1992, Orima et al. 1992, Billet and Sharpe 2002, Parry and White 2011, Ruth et al. 2011) as seen in this case.

There were vascular markings visualised within the hyperinflated right middle lung lobe. There was no evidence of gas highlighting the cranial mediastinum or widening of the mediastinum and hence the opacity ventral to the cardiac silhouette was most likely due to the hyperinflated right middle lung lobe and unlikely to be a pneumomediastinum. A tension pneumothorax can cause mediastinal shift but was considered less likely as there was no gas observed in the pleural space. Lung lobe torsion was another possibility, but no alveolar or vesicular pattern was identified, there was no pleural effusion and no abrupt termination of a bronchus. Similarly, for bronchial obstruction there was no visible bronchiectasis or peribronchial infiltrate.
Correct diagnosis and awareness of the condition allowed the right middle lung lobe to be targeted with the quickest surgical approach via a right sixth intercostal thoracotomy; delay performing a median sternotomy or inaccurate selection of the appropriate intercostal space to approach the right middle lung lobe could have led to mortality. In dogs the right middle lung lobe is often affected (Herrtage and Clarke 1985, Voorhout et al. 1986, Orima et al. 1992, Billet and Sharpe 2002, Matsumoto et al. 2004, Mitchell and Nykamp 2006, Gopalakrishnan and Stevenson 2007,). It has also been reported in multiple lung lobes (Tennant and Haywood 1987, Anderson et al. 1989, Hoover et al. 1992), the left cranial lung lobe (Amis et al. 1987, Ruth et al. 2011) and the right caudal lung lobe (Parry and White 2011). Surgical resection of the affected lung lobe usually results in a good outcome, both in this case and in six previous reports (Orima et al. 1992, Billet and Sharpe 2002, Matsumoto et al. 2004, Mitchell and Nykamp 2006, Parry and White 2011, Ruth et al. 2011). Histopathology is required for definitive diagnosis of congenital lobar emphysema and may reveal bronchial cartilage hypoplasia (Amis et al. 1987, Orima et al. 1992, Matsumoto et al. 2004, Gopalakrishnan and Stevenson 2007, Ruth et al. 2011), bronchial cartilage dysplasia (Anderson et al. 1989, Hoover et al. 1992, Billet and Sharpe 2002) bronchial cartilage aplasia (Voorhout et al. 1986), possible elastin deficiency (Tennant and Haywood 1987) or no known cause (Herrtage and Clarke 1985, Mitchell and Nykamp 2006, Parry and White 2011).  

Importantly, patients presenting with impaired ventilation with this condition can rapidly deteriorate. Intubation and provision of supplemental oxygen is often the most appropriate method to improve a patient’s ventilation and oxygenation. In this case, the increased compliance of the diseased lung lobe allowed further hyperinflation with the use of gentle intermittent positive pressure ventilation resulting in compression of the surrounding healthy lobes responsible for oxygen transfer. It is vital that this is immediately recognized; without immediate and expedited surgery, the patient would have quickly died.

Congenital lobar emphysema can be a challenging diagnosis and can rapidly progress to a life threatening condition if a prompt, accurate diagnosis and treatment is not made soon after initial presentation. Thoracocentesis is not recommended in these cases due to the risk of forming a tension pneumothorax (Billet and Sharpe 2002).


	LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field

	This case report describes the importance of making a quick and accurate diagnosis based on radiographic findings of this rare condition, in order to facilitate immediate treatment to prevent patient death. Thoracocentesis is not recommended in these cases due to the risk of forming a tension pneumothorax. Counterintuitively, intermittent positive pressure ventilation can worsen hypoxia as a result of hyperinflation due to the increased compliance of the diseased lung lobe. Only prompt surgical removal can resolve this.
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	FIGURE/VIDEO CAPTIONS figures should NOT be embedded in this document

	Figure 1

Dorso-ventral radiograph of the thorax (a, b, c). The patient’s left is to the right of the image. The boundaries of the hyperinflated right middle lung lobe are shown (a). Atelectasis of the right caudal lung, cervical herniation of the left cranial lung, left displacement of the caudal vena cava CVC) and left mediastinal shift are visualised (b). The reduced size of the right caudal lobar vessels was likely due to compression by the hyperinflated lung lobe (*). The acute right rib fractures were secondary to severe dyspnoea or trauma (c). Gastric distension was most likely secondary to aerophagia.
Left lateral radiograph of the thorax (d, e, f). The collapsed right caudal lung lobe is visualised as well as the flattened right diaphragmatic surface (d). Margins of the hyperinflated right middle lung lobe are shown (e). The cardiac silhouette is displaced dorsally by the hyperinflated right middle lung. Note that faint lung markings can still be seen in the expanded lung lobe (f).

The main differential diagnosis was congenital lobar emphysema of the right middle lung lobe. Other considerations were tension pneumothorax, lung lobe torsion or bronchial obstruction but these were deemed less likely.

Figure 2

Photograph of the emergency right sixth intercostal thoracotomy. Cranial is to the lower right of the image. All the tissue visible is the emphysematous right middle lung lobe.
Figure 3
Gross (a) and histopathological specimen (b) of the right middle lung lobe. 

There is marked diffuse cartilage hypoplasia, marked multifocal emphysema of the peripheral areas of the lung lobe, moderate multifocal atelectasis and mild chronic multifocal alveolar wall fibrosis (b). These findings are consistent with congenital lobar emphysema.
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