
Computed tomographic findings in dogs with suspected aspiration pneumonia: 38 cases (2014-2019)

Abstract
Objectives: To describe computed tomographic (CT) findings in dogs diagnosed with aspiration pneumonia and to assess for any correlation with patient outcome.
Methods: Retrospective analysis of 38 cases with a presumptive diagnosis of aspiration pneumonia at two UK referral centres. Medical records were reviewed for signalment, history, physical examination and clinicopathologic data. Computed tomographic examinations of the thorax were reviewed by an ECVDI board-certified radiologist for all dogs to describe the characteristics and distribution of the pulmonary lesions.
Results: The most common CT findings were lung lobe consolidation associated with air bronchograms (100%) followed by ground-glass attenuation (89.4%) bronchial wall thickening (36.8%) bronchiolectasis (31.5%) and bronchiectasis (15.7%). Large-breed dogs were overrepresented. Duration of hospitalisation ranged between 0-8 days (mean 3 days). Overall, 89.4% of dogs survived the aspiration event and were discharged from hospital. The 4 dogs that did not survive to discharge had 5 or more lobes affected on CT.
Clinical significance: CT findings in dogs with aspiration pneumonia are described. Computed tomography is a useful imaging modality to diagnose aspiration pneumonia. 




INTRODUCTION

Aspiration refers to the passage of contents from the stomach, oesophagus, oral cavity or nasopharynx into the lungs (Schulze and Rahilly 2012). Depending on the aspirated material, this can result in pneumonitis and/or pneumonia. Aspiration pneumonitis represents a ''sterile'' inflammatory process whereby the aspirated material causes mechanical and chemical irritation to the tracheobronchial tree and pulmonary parenchyma. The classic example is aspiration of gastric acid or of liquid barium during radiographic contrast studies (Marik 2001). Aspiration pneumonia (AP) refers to acquired pulmonary infection as a direct result of infectious agents within the aspirated material, or due to colonisation by commensal agents as a sequelae of tissue damage (Mendelson 1946; Marik 2001; Shigemitsu and Afshar 2007). Aspiration pneumonitis often precedes AP, but the incidence of this complication is unknown (Mazzaferro 2002). Since the content of the stomach is usually sterile, bacterial infection does not often play an important role in the early stages of gastric aspiration. However, in human medicine, it has been shown that pathogenic bacterial colonisation of the respiratory tract is increased following the use of antacids, histamine H2–receptor antagonists, or proton-pump inhibitors (Marik 2001). The pathogenesis behind aspiration pneumonitis is multifactorial. Firstly, the aspirated material causes airway obstruction and a physical reduction in the alveolar surface area available for gas exchange. This results in ventilation-perfusion mismatching and hypoxaemia (Furuya et al. 2007; Mukhopadhyay et al. 2007; Shigemitsu and Afshar 2007). Secondly, the presence of foreign material within the airways triggers irritation and inflammation which, in some patients, can progress to acute respiratory distress syndrome (Mortelliti 2002; Van Westerloo et al. 2005). In AP, this process is exacerbated by the additional cytopathic effect of bacterial infection. Since the two conditions cannot be differentiated based on diagnostic imaging findings, aspiration pneumonitis and AP will be grouped under the umbrella term of AP throughout this article.
Achieving a definitive diagnosis of AP can be challenging, and in many cases, the clinician relies on a presumptive diagnosis based on the signalment, history, clinical examination, and diagnostic imaging findings. Typically, the presentation is an acute onset of tachypnoea, coughing or respiratory distress, often associated with retching or gagging and preceded by vomiting or regurgitation. Several risk factors have been documented, both in humans and in veterinary patients (Mukhopadhyay et al. 2007; Yoon Hee-Young et al. 2019). In dogs, the most commonly reported predisposing factors are vomiting, regurgitation, laryngeal dysfunction, oesophageal disease, altered mental status and/or recent general anaesthesia (King and Vite 1998; MacPhail & Monnet 2001; Ovbey et al. 2014). Brachycephalic obstructive airway syndrome score, brachycephalic index, neck circumference, and body condition score are also associated with an increased risk of AP (Darcy et al. 2018). 
Based on previous literature, having one lung lobe affected on radiography was shown to be a positive prognostic indicator compared to patients that had more than one lung lobe affected (Tart et al. 2010). While radiography remains the most commonly used thoracic imaging modality in veterinary medicine, CT imaging is increasingly being utilised, due to its ability to provide greater detail and image resolution of lesions within the pulmonary parenchyma (Sharma et al. 2007; Shigemitsu and Afshar 2007). Little information is available on the CT features associated with AP in veterinary patients with few previous studies reporting its use in dogs (Punto et al. 1984; Eom et al. 2006; Schultz and Zwingenberger 2008). These studies found few characteristics that were considered to be specifically associated with AP, but the number of dogs included in these studies was small. 
The aim of the present study was to describe the CT findings of AP in a larger population of dogs.

MATERIALS AND METHODS
Study design and case selection
The electronic medical databases of two referral centres in the UK were searched retrospectively between January 2014 and December 2019 for dogs that had a presumptive diagnosis of AP and a thoracic CT examination, using the terms ‘aspiration pneumonia’ and ‘computed tomography’ or ‘CT’.
A presumptive diagnosis was based on 3 criteria: 
(1) A strong clinical suspicion of AP by the primary clinician, based on suggestive clinicopathological data including abnormal lung sounds on auscultation, decreased oxygen saturation recorded by pulse oximetry measurements, weakness or lethargy, pyrexia (>39.2oC), positive endotracheal
or bronchoalveolar lavage (BAL) fluid culture, or haematologic evidence of inflammation (leucocytosis, neutrophilia or band neutrophils);
(2) Radiographic findings consistent with AP (eg. alveolar and/or interstitial lung pattern with dependent lung lobe distribution);
(3) Witnessed or suspected regurgitation, gagging or vomiting episodes followed by acute onset of dyspnoea, cough, hyperthermia and/or tachypnoea with or without the concurrent presence of risk factors (dysphagia, laryngeal/ oesophageal disorders, recent anaesthesia/ sedation, prolonged recumbency, or neurologic disease).
Inclusion required that dogs met at least one condition from each of the three aforementioned criteria, and that a diagnostic quality thoracic CT study was available. Patients were excluded from the study if the clinical notes were incomplete, or if an alternate cause for lower respiratory tract signs was documented (this included confirmed or suspected cardiac disease, pre-existing pneumonia, chronic lung disease such as bronchitis or pulmonary fibrosis, suspicion or presence of an airway foreign body, previous trauma or neoplasia (either primary or metastatic).

Data collection
Data collected from patient records included species, breed, age, weight, clinical signs, predisposing factors, presenting diagnosis, time from suspected AP episode to CT imaging, clinical signs, duration of hospitalisation and outcome (survival to discharge or death). 
Dogs were classified as survivors if they were discharged from the hospital and as non-survivors if they died or were euthanised due to AP while hospitalised. 
The decision to proceed with CT examinations was that of the primary clinician in charge of the case and was not necessarily stated in the clinical notes. Computed tomographic images were acquired using an 80-slice Toshiba Aquilion Prime (Canon Medical System) in the first institution, and a HiSpeed CT/e Dual (General Electric Hangwei Medical Systems) in the second one. Similar protocols were used between institutions, including a high and medium frequency spatial reconstruction algorithm, 120 high kV and appropriate mAs and field of view adjusted to patient size. Images were reconstructed at 0.5–5.0 mm slice thickness. Iodinated contrast medium was administered in 23/38 dogs (Xenetix 300 I/mL (Iobitridol), Guerbet, France; or Omnipaque 300 I/mL (iohexol), GE Healthcare, Princeton, NJ) via an intravenous catheter placed in the cephalic or saphenous vein at a dose of 2 mL/kg. All dogs were placed in sternal recumbency for CT acquisition. Information regarding techniques used to minimise respiratory motion was not available for all cases, but 27 dogs undergoing general anaesthesia were either hyperventilated or underwent a breath-hold technique. Computed tomographic images were examined retrospectively in a systematic fashion by a single European College of Veterinary Diagnostic Imaging (ECVDI) diplomate. All images were reviewed using a computer workstation with DICOM viewer software (OsiriX Pixmeo version 11.0.4, Geneva, Switzerland) in both lung and soft tissue reconstruction algorithms. Adjustments to image window width and level, and multiplanar reconstructions were done as considered necessary. 
The results were entered into a spreadsheet specifically developed for the purpose of the study.
The cranial and caudal parts of the left cranial lung lobe were considered as independent lung lobes. The CT images were assessed for presence of various abnormalities, including ground glass attenuation, atelectasis, consolidation, bronchial wall thickening, bronchial plugging, bronchiectasis (lobar and/or segmental), bronchiolectasis, bronchial collapse, pleural effusion, lymphadenomegaly, tracheal collapse, presence of tracheal exudate, enlarged pulmonary vessels and narrowed pulmonary vessels. The number of lobes affected was recorded for each case, as well as the size of the affected lobes (reduced, normal or enlarged). Pulmonary consolidation was defined as increased lung attenuation that effaced the pulmonary vessels, with or without the presence of air bronchograms, while ground-glass attenuation was defined as a hazy increased opacity with preservation of the bronchial and vascular margins (Hansell et al. 2008, Mesquita et al. 2015). Isolated ground glass attenuation was defined as the presence of ground glass attenuation without evidence of consolidation within the same lobe. Contrast enhancement of the affected lobes was defined as an increased attenuation of more than 20 HU following intravenous contrast administration. The bronchi were subjectively assessed for bronchial/ peribronchial thickening in regard to severity (mild, moderate or severe), distribution (focal, multifocal or generalised), affected lobes and possible extension beyond the parenchymal lesion, as well as for the presence of bronchial plugging, bronchiectasis, bronchial collapse and bronchiolectasis. Bronchiectasis and bronchiolectasis were defined as a broncho-arterial ratio of more than 2.0 with lack of tapering of the bronchial diameter towards periphery and visible bronchioles within 1cm of the lung margin, respectively (Mesquita et al. 2015). Bronchiectasis was classified as lobar, segmental or both, and was described as varicose, cystic or cylindrical (Hansell et al. 2008). Other subjective criteria included the presence or absence of suspected atelectasis (severity and affected lobes), pleural effusion (mild, moderate or severe) and tracheal collapse. Lymphadenomegaly was characterized by a lymph node short axis diameter >10mm in transverse images (Bezuidenhout 1993; Mesquita et al. 2015; Milovancev et al. 2017). Any additional findings, which mostly concerned the oesophagus and pulmonary parenchyma, were also recorded. 
The thoracic CT findings for each patient were assigned an overall severity score from 0 to 27, based on total number of pulmonary lobes affected (1-7), degree of lung lobe consolidation (0-3; absent, patchy, partial, complete), presence and severity of ground glass attenuation (0-3; absent, mild, moderate, severe), presence of bronchial/peribronchial thickening (0-3; absent, focal, multifocal, generalised), severity of  bronchial/peribronchial thickening (0-3; absent, mild, moderate, severe) and presence of bronchiectasis (0-4; based on how many lung lobes were affected), atelectasis (0-3; absent, mild, moderate, severe) and pleural effusion (0-1; absent, present) (Appendix 1). 

RESULTS
Study population
A total of thirty-eight dogs met the inclusion criteria. The mean age was 6.9 years (median 6.5; range 5 months to 14 years) and the mean weight was 22.13 kg (median 19.4; range 2.2–72kg). 
Ten dogs were considered small breed (<10kg), 10 medium-breed (10-20kg), and 18 large-breed dogs (>20kg). These included 5 mixed-breed dogs and 33 purebred dogs comprising Pug (3/38), Cocker Spaniel (3/38), German Shepherd (3/38), Labrador Retriever (2/38), Yorkshire Terrier (2/38), Boxer (2/38), Bulldog (2/38), Labradoodle, Pomeranian, Border Terrier, Bernese Mountain Dog, Tibetan Spaniel, Curly Coated Retriever, Alaskan Malamute, Shih-Tzu, Cavalier King Charles Spaniel, English Pointer, Springer Spaniel, Doberman, Beagle, Border Collie, Flat Coated Retriever and Newfoundland (1/38). 
Nineteen patients were hospitalized due to the severity of the clinical signs and the remainder were treated as outpatients. The mean hospitalisation time was 3 days (median 2 days) with a range of 0 to 8 days. Four (4/38; 10.5%) patients died of AP during hospitalization.
All patients suffered from one or more of the following predisposing factors, including chronic regurgitation (14/38; 36.8%), vomiting (11/38; 28.9%), megaoesophagus (5/38; 13.1%), recent general anaesthesia (5/38; 13.1%),  laryngeal paralysis (3/38; 7.8%), gastro-oesophageal reflux (2/38; 5.2%), oesophageal foreign body (2/38; 5.2%), tracheal collapse (2/38; 5.2%), oesophageal dysmotility (1/38; 2.6%), gastritis (1/38; 2.6%), pancreatitis (1/38; 2.6%), dietary indiscretion (1/38; 2.6%), myasthenia gravis (1/38; 2.6%) and/or seizures (1/38; 2.6%).
Nearly half the dogs (17/38; 44.8%) had concurrent respiratory and gastrointestinal signs at the time of presentation, while others had respiratory signs only (11/38; 29%) or gastrointestinal signs only (8/38; 21%). Two dogs with a recent history of general anaesthesia presented with only pyrexia (2/38; 5.2%). 
The most common presenting signs were coughing, regurgitation, vomiting, pyrexia, dyspnoea/tachypnoea, retching, gagging and acute onset respiratory distress (Table 1).

Diagnostic findings
Clinicopathologic abnormalities
A complete blood count was available for 35/38 (92.1%) dogs. Of these, 13/35 (37.1%) had neutrophilia, 11/35 (31.4%) were anaemic, 6/35 (17.1%) had monocytosis, 5/35 (14.2%) had leucocytosis and 4/35 (11.4%) had eosinophilia. Serum biochemical analysis was available for 30/38 dogs, the most consistent findings being alkaline phosphatase elevation (12/30; 40%), alanine aminotransferase elevation (8/30; 26.6%), azotaemia (5/30; 16.6%), hypokalaemia (4/30; 13.3%) and hypoproteinaemia (3/30; 10%). Arterial blood gas analysis was available for 9/38 dogs, 4/9 (44.4%) of which were hypoxaemic and 3/9 (33.3%) had respiratory alkalosis. 
At the time of admission, thoracic auscultation identified no abnormalities in eight dogs (8/38; 21%). Bronchoscopy and BAL were performed in 16/38 (42.1%) dogs, the most consistent finding being neutrophilic inflammation (11/16; 68.7%). In one dog (1/16; 6.2%), cytology identified a mixed cell inflammation, prior haemorrhage, occasional eosinophils and scattered macrophages. Two dogs (2/16; 12.5%) had non diagnostic samples.  BAL culture was positive in two dogs (2/16; 12.5%), yielding a mixed bacterial growth in one dog (Escherichia coli, Enterococcus spp and Streptococcus spp.) and a single bacterium (Escherichia coli) in one dog. PCR testing of the BAL fluid identified infection in three further dogs: one with Mycoplasma cynos, one with both Bordetella bronchiseptica and Mycoplasma spp. and one with Pasteurella spp.

CT abnormalities
Time from suspected aspiration to CT imaging was wide, ranging from 1 to 180 days (mean 19; median 10 days). All dogs underwent either general anaesthesia (27/38) or sedation (9/38) for CT imaging at the discretion of the attending clinician and anaesthetist. 
Pulmonary lesions were identified in all 38 dogs, the most common being lung lobe consolidation associated with air bronchograms, which was detected to varying degrees in all patients (Table 2). This was followed by ground-glass attenuation (34/38; 89.4%), bronchial/peribronchial thickening (14/38; 36.8%), bronchiolectasis (12/38; 31.5%) and lobar/segmental bronchiectasis (6/38; 15.8%) (Table 2). In most dogs, multiple lung lobes were affected (mean 3.6, median 3; range 1-7 lobes) with involvement of the right middle (29/38; 76.3%) and caudal portion of the left cranial lobe (23/38; 60.5%) being most common. The right caudal lobe was the least affected (12/38; 31.5%) (Table 3 and Table 4). 
All patients showed various degrees of partial, patchy or complete consolidation of single (10/38; 26.3%) or multiple (28/38; 73.6%) lung lobes. Twenty-two dogs (57.8%) had bilateral consolidation, while 10/38 (26.3%) and 6/38 (15.7%) had consolidation affecting only the right and left hemithorax respectively. Air bronchograms were associated with lung lobe consolidation in all 38 patients. Pre- and post-contrast series were obtained in 23/38 (60.5%) patients, all of which showed homogeneous contrast enhancement of the consolidated lobes. Homogeneous contrast enhancement was suspected in a further two patients, but an objective assessment could not be made due to the absence of a pre-contrast series. 
In 34/38 (89.4%) dogs, a ground-glass attenuation pattern was observed, and in 25/34 (73.5%) dogs this was associated with various degrees of lung lobe consolidation. For cases with isolated ground-glass attenuation (9/34; 26.4%), the most common locations were the right caudal lung lobe and accessory lobe, followed by the right middle lung lobe and left caudal lung lobe (Table 2) (Fig. 1).
Dependent pulmonary atelectasis involving one or more lobes was noted in nine dogs (9/38; 23.6%). Atelectasis was subjectively graded as being mild in 8/9 dogs, and moderate in one dog.
Dilatation of the airways was noted in 17/38 (44.7%) dogs. The main types of airway dilatation took the form of subpleural bronchiolectasis (76.4%) and lobar/segmental bronchiectasis (23.5%) (Table 2). 
Bronchial/peribronchial thickening was subjectively characterised as mild and moderate (Table 2) and 8/14 (57.1%) dogs had extension of the thickening beyond the parenchymal lesion. The right cranial (10/14; 71.4%), left cranial (9/14; 64.2%) and left caudal (9/14; 64.2%) bronchi were most commonly affected (Fig. 2). Intraluminal bronchial plugging was noted in 5/38 dogs (13.1%). Four (4/38; 10.5%) dogs had evidence of bronchial collapse involving one (2/4; 50%) or multiple bronchi (2/4; 50%). The concurrent thoracic CT abnormalities noted in our cohort of dogs are summarised in Table 5.

DISCUSSION
This study evaluated the clinical, clinicopathologic, and CT findings in a population of dogs with suspected AP. In keeping with previous studies, the largest group of dogs (15/38; 39.4%) was represented by large breeds (Kogan et al. 2008a, Kogan et al. 2008b; Tart et al. 2010). Bronchoalveolar lavage to confirm the diagnosis was performed in less than half of the dogs in this study (17/38; 44.7%). Of those, a positive culture was obtained in only 5/17 (29.4%), and a neutrophilic infiltrate, a finding that is strongly correlated with infection (Drear, 2020) was found in only 11/17 (64.7%) samples. One patient had a negative BAL culture without cytologic evidence of an inflammatory process which may be explained by previous antibiotic therapy, or BAL sampling remote from the site of AP (Johnson et al. 2013). In human medicine, the imaging characteristics of AP and sterile pneumonitis are indistinguishable (Scheeren et al. 2017) and it would be reasonable to think the same is true in dogs. Therefore, despite the strong clinical suspicion of AP in all 38 dogs, it is likely that some of these dogs had sterile pneumonitis. 
Most dogs (28/38; 73.6%) had respiratory signs at the time of initial presentation. Coughing was the most common clinical sign and was present in 20/38 (52.6%) of dogs. This is in agreement with previous studies that have reported a prevalence of 57% and 46%, respectively (Kogan et al. 2008a, Tart et al. 2010). We observed no CT characteristics that distinguished those dogs with coughing from those without. Almost a quarter of the affected dogs (23.6%) had no apparent respiratory signs at the time of initial examination, which is approximately twice as many compared with previous literature (Kogan et al. 2008a). Similar to previous studies, the most common risk factors were pre-existing oesophageal disorders or dysfunction, chronic vomiting, postanaesthetic complications or laryngeal disease (Kogan et al. 2008b, Tart et al. 2010).
 In contrast with the findings of previous radiographic studies, in our study pulmonary CT changes were found in all 38 dogs. While this 100% detection rate suggests that CT imaging might be a more sensitive modality, the finding could equally be a result of the delayed time frame of imaging in most of our patients; an absence of radiographic abnormalities being most often found in patients that are imaged very soon following the onset of clinical signs (Bourcier et al. 2014). The time from the initial onset of clinical signs to CT imaging was wide, ranging from 1 to 180 days, and only 10/38 dogs were imaged within 3 days of the onset of clinical signs. This may in part be due to the tendency of clinicians to choose CT imaging as an additional investigative tool, mainly in those dogs that were failing to improve in the expected time frame. 
Dogs included in this study showed various degrees of lung lobe consolidation associated with air bronchograms and this was present bilaterally in 57.8% of dogs. This differs from the previous literature, where the right hemithorax is reported to be more commonly affected, with only 14% of dogs having bilateral involvement (Kogan et al. 2008a). In our study, involvement of two or more lung lobes was noted in 32/38 (84.2%) dogs, which is considerably higher than in two previous radiographic studies, where 47.7% and 34.8% of dogs, respectively, had involvement of two or more lung lobes (Kogan et al. 2008a; Tart et al. 2010). In addition, 12/38 dogs (31.5%) in our study sample had involvement of 5 or more lung lobes, compared with only 1.1% in a previous study, where only 1 dog had involvement of all 7 lung lobes (Kogan et al. 2008a). This discrepancy could be explained by the fact that CT is more sensitive than radiography at detecting subtle lesions (Syrjala et. al. 1998). However, in addition to the possibility of more chronic or more severe disease in our study cohort, another explanation for the apparent lower sensitivity of radiography could be a lack of orthogonal views available in the previous studies. In most patients, only one radiographic projection was available (82/115; 71.3%) (Tart et al. 2010). Three-view thoracic radiography, including a left lateral view that allows the best visualization of the right lung, is required to reach an accurate diagnosis (Kogan et. al. 2008a). Previous studies have shown a predisposition of the right middle lung lobe for aspiration events, which was also the case in the current study, with 76.3% of dogs having the right middle lung lobe affected (Kogan et. al. 2008a, Tart et al. 2010).  
In humans, the clinical and imaging findings following AP are varied and tend to be inconsistent and non-specific (Scheeren et al. 2017). Indeed, the severity of the radiographic findings does not always correlate with the severity of the clinical signs (Prather et al. 2014). In humans, thoracic radiography typically demonstrates unilateral or bilateral patchy or confluent consolidation involving the dependent part of the lung lobes, with the right middle and cranial lung lobes being most commonly affected (Sharma et al. 2007). Similarly, CT findings in humans consist of unilateral or bilateral abnormalities, with a strong tendency to occur ventrally in the dependant lobes, common findings including bronchiectasis, bronchiolectasis, bronchial wall thickening, ground-glass attenuation, atelectasis, consolidations, centrilobular nodules, and peri-bronchovascular thickening (Kim et al. 2008; Komiya et al. 2013; Butler et al. 2014). Less common findings include septal thickening, emphysema, traction bronchiectasis, tree-in-bud pattern, parenchymal bands, pulmonary cysts, cavitary lesions and air trapping, which may or may not be associated with pleural effusion (Kim et al. 2008; Scheeren et al. 2016; Scheeren et al. 2017). Previous studies evaluating radiographic changes in dogs have shown alveolar infiltrates, an interstitial pulmonary pattern and a dependant lung lobe location to be suggestive of AP (Kogan et al. 2008a; Tart et al. 2010; Levy et al. 2019). Similarly to the findings in humans with AP, the most frequent CT lesions in this cohort of dogs were consolidation associated with air bronchograms and ground-glass attenuation. These changes were unilateral or bilateral, patchy or confluent, and had a strong tendency to occur ventrally in the dependant lung fields. Likewise, atelectasis, airway dilatation and bronchial/ peribronchial thickening were common findings. As in humans, an ipsilateral parapneumonic effusion associated with bacterial infection was infrequently noted within the affected hemithorax (3/38; 7.98%). Other CT features, such as centrilobular nodules are described in human patients but were not a feature in our cohort of dogs.
Ground-glass attenuation is a common and non-specific finding which can be related to various pathological and non-pathological conditions such as partial filling of the alveolar space, increased blood perfusion, and disease of the pulmonary interstitium or alveolar walls (El-Sherief et al. 2014). Previous CT studies show that healthy dogs may develop a negligible amount of reversible ground-glass attenuation in specific locations, consistent with atelectasis, depending on the position and duration of recumbency prior to CT imaging. Lesions are mainly found in dependant portions of the lung lobes, according to recumbency position (Lee et al. 2017); however, the presence of ground-glass attenuation in non-dependent and dorsal regions of the left cranial lung lobe was observed in one study, potentially due to the left lung lobe having a reduced volume compared to the right one (Choi et al. 2011). In the current study, 73.5% (25/34) of dogs had ground-glass attenuation, predominantly associated with various degrees of lung lobe consolidation.  Only nine patients had isolated ground-glass attenuation (within the left cranial lung lobe), possibly suggesting a pneumonia-related aetiology rather than atelectasis in most patients. Abnormal dilatation and distortion of airways was characterized as saccular, cylindrical and/or varicose. This may represent either direct injury from aspirated foreign material or extension of peribronchial/ peribronchiolar inflammation and/or infection (Johnson et al. 2016). In our population, 31.5% and 15.8% had evidence of bronchiolectasis and bronchiectasis, respectively.
The CT scoring scheme used was specifically developed for the purpose of this study with the aim of providing a more quantitative measure of overall severity. Due to the retrospective nature of this study, we could not perform reliable statistical analysis. However, the CT scores of non-survivors (range 5-15, mean 10.2) and survivors (range 3-21 (mean 9.9) were very similar and an association between survival and CT score seems unlikely.  
Overall, 34 of 38 (89.4%) dogs survived the episode of AP and were discharged from the hospital. Twenty-six dogs (68.4%) had less than five lobes affected and survived to discharge. Only four dogs died from AP in our study, two having 5 lobes affected and the other two having all 7 lung lobes affected. Further studies are required to corroborate the suspicion that having a greater number of lungs lobes affected is associated with death, as it has been shown with radiography.  
A major limitation of this study is the fact that the diagnosis of AP was based on clinical information obtained through retrospective analysis of medical records. Various clinicians were involved, and a variety of tests were performed for individual cases. The possibility of financial constraints might have been a factor in the overall diagnostic choices and survival of some of the patients and BAL cytology and culture results were available in only a small number of animals. In addition, although a single board-certified veterinary radiologist reviewed the images to improve standardisation of the descriptive terms, they were not blinded to the clinical diagnosis.
In conclusion, this study is the first to describe the thoracic CT findings in a large group of dogs with naturally occurring suspected AP. The predominant CT findings correlated with those found in humans with AP and comprised patchy, partial or complete consolidation of the lung lobes, with multifocal areas of ground glass attenuation, bronchial/peribronchial thickening, bronchiectasis and bronchiolectasis. Importantly, the findings of this study suggest that CT may detect a higher number of affected lobes than radiography and that a high number of affected lobes could be associated with a higher risk of death. 
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Fig. 1. Transverse views with pulmonary window (WL -550, WW 1600) showing examples of the CT classification of the lung parenchyma. A: Patchy, ill-defined ground glass attenuation within the right caudal, accessory and left caudal lung lobes, B: Complete consolidation of the right middle lung lobe (small mineral attenuating pulmonary osteomata are also seen in the periphery of this lobe)

Fig. 2. Transverse views with pulmonary window (WL -550, WW 1600) showing examples of the CT classification associated with the bronchial tree. A: Generalised moderate bronchial wall thickening, most marked in the left caudal lung lobe. Consolidation of the ventral portion of the left caudal lung lobe is also seen. B: Bronchiolectasis within the right caudal lung lobe, C: Segmental bronchiectasis within the caudal portion of the left cranial lung lobe

