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What is the value of computed tomography as compared to radiographs?
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Abstract
Spontaneous pneumothorax in dogs is a pneumothorax occurring without a history of trauma. The most commonly described cause is a rupture of pulmonary blebs and/or bullae. In this retrospective study radiographs and CT-scans of 30 patients diagnosed with spontaneous pneumothorax were evaluated. The objective was to determine the added value of computed tomography as compared to radiographs in diagnosing the cause of spontaneous pneumothorax. Examination showed radiographs to be excellent for diagnosing pneumothorax, but CT-scan a better choice for detecting the cause for the spontaneous pneumothorax. 
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Introduction
A pneumothorax is described as air accumulation in the pleural space causing the lung lobes to collapse. This condition can be classified according to the pathophysiology: open (pleural space in contact with the environment)/closed pneumothorax or according to the cause: traumatic, spontaneous and iatrogenic. A traumatic pneumothorax occurs in dogs most often, for example by car accidents or perforating bite wounds, whereas a spontaneous pneumothorax is rare1. Spontaneous pneumothorax is defined as a closed pneumothorax without either a traumatic or iatrogenic cause 1-3. In dogs, there is no sex or age predisposition, but some studies suggest that the Siberian husky is more susceptible for spontaneous pneumothorax. In both dogs and humans, the most common reason for a spontaneous pneumothorax is the rupture of pulmonary blebs and bullae1,2,4. According to Pawloski et al: ‘a bleb is defined as an air-filled alveolar dilatation within the visceral pleura, most commonly located at the lung apices. Air travels from within the lung parenchyma to the surface of the lung to accumulate between the internal and external elastic layers of the visceral pleura, thus forming a bleb. A bulla is identified as a nonepithelialized, air filled space within the visceral pleura, produced by the disruption of the intra-alveolar septa. Disruption includes destruction, dilatation, and confluence of adjacent alveoli. In contrast to blebs, bullae are located within the connective tissue septa of the lung and the internal layer of the visceral pleura.’ 1
For the prognosis and best therapy, the identification of the primary cause of the spontaneous pneumothorax is important 5. The primary cause is often not evident from clinical history and results of the clinical examination. Therefore diagnostic imaging techniques play an important role in finding and imaging the cause. It is essential to consider which diagnostic imaging techniques are available and which gives the most information on the diagnosis of pneumothorax and the identification of the underlying cause. Radiographs and computed tomography are the most frequently used techniques to image the thorax. In humans, is has been described that CT is better in detecting blebs and bullae in comparison to radiography6. Au et al. used CT for identifying bullae and blebs. In 9 out of 12 dogs, bullae and blebs were identified2. The purpose of this retrospective study is to compare radiographic and CT findings to diagnose and to evaluate the usefulness of identifying the cause of primary spontaneous pneumothorax in dogs.
Material & Methods
Patients
In this retrospective study 30 dogs diagnosed with spontaneous pneumothorax were reviewed from 2006 to 2014.  These cases were retrieved from patient records of the University of Utrecht and the Medisch Centrum voor Dieren in Amsterdam. Patients diagnosed with spontaneous pneumothorax with no history of trauma were included. Diagnostic work-up included: clinical history, results of clinical examination, radiographs and CT-scans, surgery and/or pathology reports. In all patients a CT-scan was performed and in 20 patients also a radiographic examination. Radiographic and CT examination were all performed within 5 days. During the CT examination in 73% (n=22) of the patients a thorax drain was present and during radiographic examination in 55% (n=11) patients.
Diagnostic details
Radiographic examination of the thorax consisted of a dorsoventral and left lateral (DV and DS) view.
For CT examination, all the dogs were placed under general anaesthesia and positioned in sternal recumbency on the CT table using a single-slice helical CT scanner (Philips Secura, Philips NV, Eindhoven, the Netherlands). The scanogram was made in latero-lateral and dorso-ventral views from the thoracic inlet to halfway the liver, so the entire thorax was included. Scan plane was planned perpendicularly to the vertebrae. Technical settings were 120 kV, 200 mA, 1 s tube rotation time, 250 mm field of view, 512 × 512 matrix and with a high spatial frequency algorithm. The scans were made in helical acquisition mode with a slice thickness between 2-5 mm depending on patient size and the specific indication with a pitch of 1.
Interpretation
CT images were reviewed by a first year master student (J.A.F. Polderman) under supervision of a board-certified radiologist (S.A.E.B. Boroffka). The following criteria were evaluated on the radiographs and CT-images: degree of pneumothorax subjectively (mild, moderate and severe), uni- or bilateral pneumothorax, presence of bullae and/or blebs (number, size, location, visibility of the wall) or presence of another cause for pneumothorax. These findings were compared to the surgery and/or pathology reports, which served as the golden standard for the diagnosis of the cause for spontaneous pneumothorax in this patient group.
Results
Patient details
30 cases met the criteria of a spontaneous pneumothorax. Various breeds were presented: Labrador retrievers (n=7), German Shepherd (n=4), Heidewachtel (n=2), mixed breed (n=2), and 1 of each breed: Mastino Napolitano, Jack Russell Terrier, Saluki, Border Collie, Airedale Terrier, Akita, Golden retriever, Great Japanese Dog, Scotch Collie, Afghan Hound, Bullmastiff, Irish Wolfhound, Shih Tzu, Rhodesian Ridgeback and Labradoodle. 50% (n=15) was male (47% [image: ]castrated (n=7)), 50% (n=15) was female (67% sterilized (n=10)). Age ranged from 7 months [image: ][image: ]to 10 years with an average of 4,6 years. Weight ranged from 5 to 51,8 kilograms with an average of 29,6 kilograms. 
[image: ]
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: 3 year old Shih Tzu: transverse CT image
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dorsoventral
 radiograph (B) and left lateral radiograph (C) 
showing pneumothorax and congenital lobar emphysema
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 Collie: transverse CT image showing mild pneumothorax with bleb formation (arrow)
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A
)On both radiographs and CT, the pneumothorax was visible. CT showed in 97% (n=29) of the patients a bilateral pneumothorax, whereas on radiographs 85% were diagnosed bilateral. In three patients, unilateral pneumothorax was diagnosed on radiographs, but CT showed bilateral. CT showed that 23% (n=7) of the patients had a mild, 27% (n=8) had a moderate, and 50% (n=15) had a severe pneumothorax. Radiographs showed that 35% (n=7) had a mild, 40% (n=8) had a moderate and 25% (n=5) had a severe pneumothorax. In 65% (n=13) patients, the severity of pneumothorax differed between radiographs and CT scan. 
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)On radiographs the cause of spontaneous pneumothorax was suspected in 5 (25%) patients. In 4 dogs (80%) bleb(s) and in 1 (20%) dog congenital lobar emphysema was diagnosed. 
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7 year old German shepherd: transverse CT image
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) at the level of the thoracic inlet showing
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bullae
 in the apex of the left cranial lung lobe. 
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) radiograph showing a severe bilateral pneumothorax. All lung lobes are severely 
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s
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B
)On the CT examination, in 24 patients (80%), the cause of the pneumothorax could be diagnosed. In 15 dogs (63%) bleb(s), in 5 dogs (21%) (pleura)pneumonia (1 patient a corpus [image: ][image: ]alienum was suspected), in 2 dogs (8%) [image: ]abnormal lung lobe(s) and congenital lobar emphysema respectively was diagnosed. Abnormal lung lobes were diagnosed in patients with pathological pulmonary changes without the presence of a corpus alienum or (pleura)pneumonia. These findings are summarized in table 1.
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)In 33% (n=10) of the patients, surgery was performed. In one patient who had surgery, the found cause was lung fibrosis. This diagnosis was missed on both radiographs and CT. In all other patients, the findings during surgery matched the diagnosis on CT-scan. However in most cases the surgery reports did not contain detailed information on bullae size, number and location.
In 27% (n=8) of the patients, pathology was performed. In one patient, the radiographs and CT-scan showed bullae, but pathology reported pleuritis. In all other patients, the pathology findings matched CT diagnosis. However, also pathology reports did not contain detailed information about bullae size, number and location. 
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: Results
 of the 30 patients in this study.
 In 20 patients, radiographs were performed. In all patients CT was performed.
)[image: ]Discussion
Several veterinary studies have shown that radiographs are effective for detecting pneumothorax, but have a poor sensitivity for identifying blebs and bullae2-4. Au et al compared CT with thoracic radiography in 12 dogs and found almost 2,5 times as many bullae using CT as compared to radiography. In the same study CT scans showed the majority of the lung lesions were blebs (9 out of 12), but additional lesions were discovered during surgery, which were not detected on CT2. All radiographs (n=20) showed pneumothorax, but in only 25% (n=5) of the cases the cause of spontaneous pneumothorax was found. In CT 80% (n=24) of causes were found, however, in 20% (n=6)) of the cases, the cause of pneumothorax was also not discovered. In one patient, the cause of pneumothorax was not discovered on radiographs, CT-scan or surgery. These results suggest that CT is superior to radiographs in discovering causes of pneumothorax. Knowing the cause and exact location of the abnormal pulmonary/pleural tissue in patients with spontaneous pneumothorax is of great importance for choosing the correct therapy and surgery approach. However, it remains important to evaluate as much of lung as possible during surgery, for other lesions may be missed on CT. CT is also widely used in human medicine to assess spontaneous pneumothorax, and sensitivity of bullae detection has been reported as high as 91,8%7. In a human study, the value of CT in detecting bullae and blebs were compared to radiographs in 35 patients. CT showed pathological changes in 31 out of 35 patients. In most patients small (<2cm) and few blebs (n<5) were discovered. On radiographs, in 11 out of 35 cases lung lesions were discovered on the ipsilateral (in 2 out of 35 cases not confirmed by CT), in 3 out of 35 on the bilateral and in 4 out of 35 on the contralateral side7. This study proved CT a good diagnostic technique for detecting bullae and blebs as compared to radiographs.
Missing blebs on CT could be due to the pneumothorax causing atelectasis of the pulmonary tissue and therefore making it more difficult to distinguish blebs. Also the small bleb size, rupture of the bleb or the resolution of the CT could explain why blebs were missed on the CT images8. 
As in previous studies, this study also showed that the majority of dogs with spontaneous pneumothorax were large breeds, (the average weight is 29,6 kg) with only two patients weighing below 10 kilograms. In one of these patients the cause of spontaneous pneumothorax was congenital lobar emphysema and in the other bleb formation. Several studies suggested that the Siberian husky is predisposed for spontaneous pneumothorax, but none of the patients in this study were Siberian husky breed1,2,4. 
Looking at these results, are radiographs still necessary for diagnosing spontaneous pneumothorax? This study shows that in both CT and radiographs the sensitivity for showing pneumothorax is 100%.  CT patients have to be placed under general anaesthesia. The clinical condition of the patient is crucial when placing the patient under general anaesthesia. Therefore it is important to know in advance the severity of the pneumothorax. Radiographs are excellent for viewing and evaluating the degree of pneumothorax, without the need of anaesthesia. So it can be beneficial to use radiography before CT. 
This study demonstrated that the evaluation of the degree of pneumothorax differed between radiographs and CT in 65% of the dogs. This could suggest that CT is better to determine the severity of the pneumothorax. But in some patients there was a time interval between the radiographs and CT. This time interval differed from 1 hour to 7 days. Also in most cases suction was performed before either radiographs or CT, influencing the degree of pneumothorax.
In dogs, the most common cause of spontaneous pneumothorax is the rupture of blebs/bullae1,2,4. In humans blebs and bullae are also frequently discovered in patients with spontaneous pneumothorax. However, it seems that these are seldom the actual cause of the spontaneous pneumothorax. Inflammatory changes resulting in increased porosity located within the distal airways seem to be an important cause for the pneumothorax9. Other causes described in humans are hereditary predisposition, anatomical abnormalities of the bronchial tree and abnormal connective tissue10. In contrary to humans, where there is a predisposition reported with a ratio 2:1 in male versus female, no difference in incidence between male and female was found 11.
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