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Introduction
Primary lung tumors are rare in dogs, accounting for 
approximately 1% of all malignancies in these animals. 
This low rate may be explained by a lower exposure 
to risk factors, when compared to humans (Ogilvie 
et al., 1989; Aydin et al., 1997; Polton et al., 2008; 
Parry et al., 2021). Pulmonary carcinomas affect dogs 
of 11 years old on average (Brodey and Craig, 1965), 
with reported cases ranging from 9.7 to 17.6 years of 
age (Hahn and Muggenburg, 1996). Normally, these 
carcinomas appear as solid formations, with single 
or multiple lesions (Monnet, 2012). In a recent 2014 
study, the prevalence of cavitary lesions in primary 
lung neoplasms in dogs was 11% (Gadkowski and 
Stout, 2008).
 According to World Health Organization (WHO) 
classification, pulmonary malignancies in pets are 
classified as bronchioalveolar carcinomas, squamous 
cell carcinomas, adenocarcinomas, sarcomas, 
neuroendocrine tumors, and lymphoma (Dungworth et 
al., 1999).
Some pulmonary disorders can be characterized by 
cavitary lesions, containing air or fluid, surrounded 

by thin walls, called blebs, bullae, or cysts (Silverman 
et al., 1976; Murphy and Fishman, 1988; Park et al., 
2016).
The names cysts, blebs, and bullae create some confusion 
since they are used indiscriminately in histological 
examination. Indeed, they are all characterized by an 
unusual extension of airways distal to the bronchioles, 
with destruction of alveolar walls, called pulmonary 
emphysema (Lesur et al., 1990, Park et al., 2016). 
Blebs and bullae are considered pseudocysts because 
they lack the respiratory epithelium lining and their 
walls thickness are less than 1 mm (Klingman et al., 
1991; Hansell et al., 2008).
Blebs are smaller than bullae, they are under 1 cm 
in diameter while bullae are over 1  cm in diameter 
(Murphy and Fishman, 1988; Lesur et al., 1990; 
Lipscomb et al., 2003; Park et al., 2016).
A pulmonary bulla is defined as a gas-filled space 
within a zone of pulmonary consolidation or within 
a mass or nodule. There are infectious and neoplastic 
etiologies for cavitary lesions, including neoplasms, 
granulomas, cysts, and abscesses (Gafoor et al., 2018). 
The proposed etiology behind these lesions in neoplastic 
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Background: Primary lung neoplasms are, frequently represented by solid, solitary, or multiple formations. However, 
malignant cavitary lesions may be presented as lung adenocarcinomas. Those malignant lesions differ from benignant 
bullae by the thickness heterogeneity of its surrounding shape. 
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rejected the bronchial branch corresponding to the left caudal pulmonary lobe, in addition to thickening of the bronchial 
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Conclusion: The present case successfully diagnosed a malignant bulae, after a surgical remove. The tomographic finds 
although not confirmatory, suggest a malignant component by the shape and thickness of its wall. The tomographic 
exam is of great importance, because only through it, it is possible to evaluate if there is lymph node or pleural 
involvement or the presence of small metastasis foci. There is indication for surgery and histopathological examination 
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desease is thickness and irregularity of the bulla’s wall, 
vascular heterogeneity, and central cavitation (Parry et 
al., 2021).
Some reports suggest that bullae increase the risk of 
malignancy (Richardson et al., 1996, Hanaoka et al., 
2002, Yoshikawa et al., 2011). This might be explained 
by the poor ventilation inside the bullae, which may 
facilitate the build-up of carcinogens, which in turn 
may cause metaplastic transformation of the epithelial 
cells in the inner lining (Hanaoka et al., 2002).
It is difficult to definitively diagnose malignancies caused 
by pulmonary bullae by radiography or tomography 
tests because bullae do not display typical malignancy 
characteristics (Lipscomb et al., 2003; Nemanic et al., 
2006; Yoshikawa et al., 2011). It has been observed, 
by radiography, that neoplastic bullae show thick and 
irregular inner walls (Lamb and Neiger, 2000). Using 
tomography, another study reported that giant bullae are 
regions of low attenuation, with destroyed or distorted 
blood vessels around the hypoattenuated region (Au et 
al., 2006). However, neither observation can confirm 
bullae malignancy. Although cavitary lesions can be 
seen on chest X-rays, due to increased accessibility 
to computed tomography (CT) in veterinary practice, 
these cases are often submitted to CT scans to better 
characterize the lesions. Nonetheless, tomography 
tests can assess nodal, pleural damage, and identify the 
presence of small metastatic foci (Park et al., 2016).
In one study, two elderly dogs previously diagnosed 
with solitary emphysematous bulla showed nonspecific 
clinical signs. At presentation, lung auscultation 
was normal. In both cases, thoracic CT showed the 
transformation of cystic airspace lesions, characterized 
by progressive increase of the solid component and 
reduction of the air component. Surgical excision 
followed by histopathology confirmed lung carcinoma 
in both cases (Bello et al., 2021).
Pre-operative pathological exams are also challenging, 
because the procedure to obtain the sample increases the 
risk of rupturing the bullae (Allison, 1947; Yoshikawa 
et al., 2011). Histological examination after surgical 
removal is still the gold standard test for a definitive 
diagnosis (Polton et al., 2008).
For giant bullae that occupy more than 30% of the 
hemithorax, the recommendation is to surgically 
remove it (Godwin et al., 1980; Klingman et 
al., 1991; Richardson et al., 1996). Giant bullae 
increase the risk of complications such as infection, 
coagulopathy, subcutaneous emphysema, bleeding, 
and pneumothorax, with subsequent compression of 
pulmonary lobes, leading to dyspnea (Allison, 1947; 
Klingman et al., 1991; Bonath 1996; Walsh et al., 1999; 
Monnet, 2012; Park et al., 2016).
A little over 30% of cases are asymptomatic and are 
accidentally diagnosed during examination (Rebhun 
and Culp, 2013). The prognosis of carcinoma associated 
with bullae and that associated with other factors is the 
same (Hanaoka, et al., 2002; Yoshikawa et al., 2011).

There have been few reports of pulmonary malignancies 
associated with giant bullae (Stogdale et al., 1982; Park 
et al., 2016). A retrospective study evaluated 64 cases 
of spontaneous pneumothorax in dogs, from which 
only two cases were malignancies associated with giant 
bullae (a bronchoalveolar carcinoma and an anaplastic 
carcinoma) (Puerto et al., 2002). Another report detailed 
that a 12-year-old Shih Tzu with giant pulmonary 
bullae, without pneumothorax, was diagnosed with 
papilliferous bronchoalveolar carcinoma after the 
bullae were surgically removed (Park et al., 2016).
The goals of this case report were to describe the clinical 
and tomographic features of a dog with cavitary lung 
adenocarcinoma and to compare tomographic features 
with histopathological findings.

Case Details
A 15-year-old mixed breed bitch, castrated, with 
approximately 14  kg, had sporadic coughing. 
Approximately 1 month before the appointment, 
the coughing became more frequent, she was tired 
easily and intolerant to physical exercise. The bitch 
was examined in a diagnosis center and a thoracic 
radiography was performed, in which we observed 
a large cystic emphysematous area, with thick and 
irregular walls, located in the left caudal pulmonary 
lobe (Fig. 1). The lesion measured 8.0 × 7.5 × 3.0 cm 
and pressed the bronchial branching of the caudal left 
lobe. We also observed thickening of bronchial walls, 
compatible with bronchopathy (Fig. 1).
Even though the cardiac silhouette looked normal in 
the radiography, the dog was diagnosed with moderate 
mitral insufficiency by echocardiography. The patient 
was referred to a tomographic examination of the 
thoracic cavity. The CT images were acquired with 
a 1-row detector helical CT unit (Somatom Spirit, 
Siemens; 1,5 pitch, 1s rotation time, 130 de Kv and 70 
de mAs). We observed thickening of the bronchial walls 
and an extensive structure, filled with air, oval to round 
in shape, with hyperattenuated, thick and irregular 
walls, approximately 0.4  cm thick (Fig. 2). The CT 
after intravenous contrast has not been performed, 
because the owner did not allow it, so the solid part of 
the tumor could not be contrasted. The structure was 
located in the perihilar region of the left caudal lung 
lobe, and it was in contact with its bronchial branches 
and air bronchogram. It measured approximately 6.6 × 
4.5 × 5.9 cm; compatible with aberrant bronchiectasis 
or a low-grade pneumatocele (Fig. 2). This structure 
created a medial displacement and luminal compression 
of the main bronchus of the left caudal pulmonary lobe. 
In the bifurcation of this main bronchus, its branches 
moved medially and followed the medioventral and 
mediodorsal walls of the bullae, respectively, with the 
ventral branch slipping into the lumen of the bullae. We 
did not observe lymphomegalies.
With the identification of the giant bullae, which took 
more than 30% of the left hemithorax, we opted for 
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performing a pulmonary lobectomy. The patient was 
submitted to inhalation anesthesia with mechanical 
ventilation (anesthesia: 0.05 mg/kg morphine associated 
acepromazine, MPA; 3 mg/kg propofol induction; and 
kept in anesthesia with isoflurane). 
The thoracotomy was conducted on the left sixth 
intercostal space. There were neither pleural adhesions 

nor fluid deposition. The left caudal lobe was completely 
removed. It had a big air-filled saccule with thin walls 
and was highly vascularized (Fig. 3). The bandage 
was performed with a linear thoracoabdominal stapler 
(ethicon®). There were no bleeding or other events.
The histopathologist confirmed the diagnosis of 
bronchioalveolar adenocarcinoma, with necrotic areas, 

Fig. 1. Thoracic radiographic images in ventrodorsal (left) and lateral (right) views, in which we observe a big cystic 
emphysematous area. This area has thick and irregular walls and is located in the left caudal lung lobe. It is pressing the 
bronchial branching of the left caudal lung lobe. We also observe thickening of the bronchial walls.

Fig. 2. Tomographic images in axial (left) and dorsal (right) views, in which we observe the thickening of the bronchial walls. 
Moreover, we can observe a structure filled with air, of round shape, with hyperattenuated, thick and irregular walls. It is located 
in the perihilar region of the left caudal pulmonary lobe in contact with bronchial branches and air bronchograms.
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with areas of sparse dystrophic calcification, and with 
multifocal areas of neutrophil infiltration.
The patient was kept in Intensive Care Unit (ICU) for 
24 hours. The patient recovered well and was discharged 
but had to return daily for clinical evaluation. Four days 
after the surgery, the patient decompensated from its 
previous cardiopathy, leading to a severe cardiogenic 
pulmonary edema. The patient was brought to the ICU 
but did not survive.

Discussion
This study reports the case of a bitch with a large 
pulmonary emphysemic cyst and a bronchioalveolar 
adenocarcinoma, a rare case in the veterinary literature. 
We could not determine if the build-up of air was due to 
the malignancy or if the malignancy was secondary to 
the bulla. The bulla may cause the malignancy because 
of its poor internal ventilation, which can facilitate 
the deposition of some carcinogens, as stated before 
(Hanaoka et al., 2002; Bello et al., 2021). As the patient 
presented a setting of bronchopathy, we suspect the 
bulla is secondary to the bronchitis.
The radiography and tomography findings corroborate 
the description of pulmonary bullae by other authors 
(Godwin et al., 1980; Lipscomb et al., 2003; Park 
et al., 2016; Bello et al., 2021), who have observed 
sizes larger than 1 cm and complete destruction of the 
pulmonary tissue. In this particular patient, the bulla 
had thick and irregular walls, a characteristic seldomly 
described (Lamb and Neiger, 2000), and which may not 
be characterized as a malignant lesion.
The bulla was located in the left caudal lobo, as also 
reported by Park et al. (2016). In this study, we neither 
observe nodal or pleural damage, nor the presence of 
small metastatic foci. As such, we ruled out the diagnosis 
of cancer (Park et al., 2016). In a macroscopic analysis, 
we detected neovascularization, both in the internal 

and external cyst walls (Park et al., 2016). The imaging 
results were not informative for determining a diagnosis 
of pulmonary bulla-associated malignancy, despite the 
higher resolution of the tomography (Waters et al., 
1998; Nemanic et al., 2006). Pathological examinations 
before the surgery were not performed because of the 
risk they could cause the rupture the bulla, as reported 
before (Allison, 1947; Yoshikawa et al., 2011). We 
chose to surgically remove the bulla because of its 
large size (Godwin et al., 1980; Klingman et al., 1991; 
Richardson, et al., 1996). Afterwards, the removed 
material was sent for histopathological analysis, 
which determined the diagnosis of bronchioalveolar 
carcinoma. Other dogs presenting similar clinical 
characteristics were diagnosed with bronchioalveolar 
carcinoma before (Puerto et al., 2002; Park et al., 2016). 
Regarding the histological pattern, acinar and papillary 
adenocarcinomas are the most common ones (Caprioli 
et al., 2018). Caprioli et al. (2018) reported that solid 
tumors are considered rare in pets. A previous study 
done on 18 primary pulmonary adenocarcinomas in 
dogs, reported that only 1 had a solid pattern (Caprioli 
et al., 2018). Other histopathologic findings included 
granulation tissue with airway dilation, granulomas, 
pleuritis, thromboembolism, and pneumonia, all of 
which have been reported as underlying causes of 
spontaneous pneumothorax in dogs (Au et al., 2006).
Several authors state that prognosis of solid and 
bullous carcinomas is similar and that the presence 
of a pulmonary bulla, when not neoplastic, can be an 
important risk factor for the development of pulmonary 
carcinoma (Hanaoka et al., 2002; Yoshikawa et al., 
2011).

Conclusion
Malignancy should be described as a differential 
diagnosis in cases of giant bullae, even though it cannot 

Fig. 3. Surgically removed left caudal lung lobe. We can observe the saccule with a highly vascularized wall.
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be diagnosed by imaging techniques. Tomographic 
examination plays an important role because it is 
the only technique where we can assess nodal and 
pleural damage and small metastatic foci. There is 
indication for surgery in cases of giant bullae and 
histopathological examinations of the removed region 
should be performed for a definitive diagnosis.
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