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Chest ultrasonography has become an indispensable tool for pulmonary specialists in human medicine, but its current use in dogs and cats is primarily for emergency. The diagnostic performances of various ultrasonographic features other than comet-tail artifacts are of limited information in veterinary literatures. Therefore, the aims of this retrospective study were to investigate ultrasonographic findings in feline and canine respiratory patients with lung parenchymal and pleural space diseases, and to assess how ultrasonographic features correspond to specific diagnoses. Sixty-five non-emergency cases with radiographically identified lung parenchymal and pleural space abnormalities were included. Medical records and ultrasound video clips were reviewed, and additional follow-up information was subsequently collected. Common findings such as comet-tail artifacts (87.7% of cases), consolidation (84.6%), and thickened/irregular pleura (69.2%) were not distinguishable for a specific diagnosis. The presence of nodular/mass-like lesion (OR = 212, p < 0.001) and consolidated lesion with heteroechogenicity (OR = 240, p < 0.001) was significantly associated with and strongly predictive of neoplasia after age, body weight and other sonographic findings were adjusted. The finding of nodular/mass-like lesion has the best diagnostic performance (AUC = 0.93) for neoplasia, with sensitivity of 91.7% and specificity of 93.6%. For predicting a diagnosis of pneumonia, although several sonographic features were found to be statistically associated with pneumonia, only a negative finding of nodular/mass-like lesion showed good diagnostic performance (AUC = 0.83, sensitivity 95.7%, specificity 71%). These findings demonstrate the value of chest ultrasonography in predicting diagnosis in non-emergency cases. The application of thoracic ultrasound in small animal respiratory patients as part of non-invasive assessment warrants further investigation.
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INTRODUCTION

Ultrasound has become a common diagnostic procedure in small animal clinical medicine over the past decades. Although the application of ultrasound on the thorax can be limited by aerated lung in normal individuals, acoustic window is created with the presence of pleural effusion and non-aerated lung in diseased patients (1–4). For dogs and cats with respiratory distress, point-of-care lung ultrasound is a clinically useful and easily available tool for the purpose of initial assessment in emergency room and intensive care unit (5–7). The presence/absence and characteristics of comet-tail artifacts (also known as lung rockets, ring-down artifacts, or B line) on lung ultrasound have currently been evaluated for diagnostic performance in canine and feline patients with various emergency conditions, including lung contusion, pneumothorax, cardiogenic pulmonary edema, and alveolar-interstitial syndrome (8–15).

Other sonographic features that have also been described as abnormal findings of thoracic ultrasound in dogs and cats include the presence of pleural effusion, subpleural nodule, pulmonary mass, consolidation, atelectasis, and ruptured diaphragm (1, 13, 15–17). The diagnostic value of ultrasound-guided fine-needle aspiration/biopsy of consolidated pulmonary lesions or thoracocentesis for effusion drainage has been reported in earlier studies and case reports (1, 16, 18, 19). A recent study focusing on coughing dogs reported that subpleural shred signs and nodule signs were more often present in dogs with bacterial pneumonia and pulmonary neoplasia, respectively (15). These findings imply that the utility of chest ultrasonography in small animal patients warrants further attention and investigations.

Chest ultrasonography has been extensively studied and clinically applied in patients with different kinds of respiratory problems in human medicine (4, 20). In patients with pleural effusion, it has been found that sonographic appearance of a complex, septated or echogenic effusion may imply an exudative process, whereas two-thirds of exudative effusions were shown to be anechoic (4). This indicates that the clinical decision based on sonographic findings should still be carefully evaluated through clinical studies. Nevertheless, ultrasound helps detect more pneumonia and other lung pathologies than thoracic radiography, and sonographic features of consolidated lung such as air/fluid bronchogram, vascular pattern, or the presence of comet-tail artifacts could aid in distinguishing pneumonia, pulmonary thromboembolism, lung cancer, or lung contusion (3, 4). For instance, sonographic features of consolidation with air bronchogram and an ill-defined margin were seen to be present in ~90% of pneumonia patients, whereas nodules with well-defined margin and the absence of air bronchogram were more commonly seen in patients with lung neoplasia (3, 21, 22). Overall, ultrasound has been considered as a useful modality to improve diagnostic and therapeutic capabilities of pulmonary specialists outside of the intensive care unit (23).

Data are limited in the current veterinary literatures regarding the diagnostic performances of various chest ultrasonographic abnormalities other than comet-tail artifacts in dogs and cats. Therefore, the objectives of this study were to review chest ultrasonographic findings in dogs and cats with radiographically identified lung parenchymal and pleural space abnormalities and to assess the diagnostic performance of various sonographic features corresponding to specific diagnoses.



MATERIALS AND METHODS

The present study was performed as a retrospective review of medical records and sonographic imaging files at a university teaching hospital. This study was reviewed and approved by the Research Ethical Committee (REC) of National Taiwan University Veterinary Hospital (Approval No: 000036) and the Institutional Animal Care and Use Committee (IACUC) of National Taiwan University (Approval No: NTU106-EL-00209). The case logs of canine and feline outpatients with respiratory disease and non-emergency visits were searched from February 2013 to December 2018. Animals with radiographically identified lung parenchymal and pleural space abnormalities and examined by thoracic ultrasound were reviewed. Cases were included only if real-time video clips of sonographic scans were available, and all videos were reviewed to ensure that the sonographic findings were properly addressed. The medical records of each patient were reviewed for signalment, physical examination findings, radiographic abnormalities, laboratory data, the reason for receiving chest ultrasonographic examination, any further diagnostic procedures, diagnosis, and follow-up information. The final diagnosis for retrospective analyses was determined based on a combination of cytological or histopathological evaluation, computed tomography imaging, echocardiography/cardiologic examinations, other laboratory findings, clinical follow-up, or necropsy. Additional follow-up information was continually collected until December 2019, either from the patient attending the follow-up visit or by the telephone interview.

Chest ultrasonography was performed either by an experienced attending clinician (CHL) or by residents under the supervision of the same attending clinician. Three ultrasound machines (EnVisor, Philips; MyLab50, Esaote; EPIQ 7, Philips) were available during the study period. Total gain, near- and far-field gains, depth, and focal point were adjusted to optimize image quality. A convex probe (5–8 or 3–9 MHz) was most often selected for scanning. Sector (3–8 or 4–12 MHz) or linear (7–15 MHz) probes were also available but occasionally used in these retrospective cases. The hair was clipped before scanning. The animals were positioned in sternal recumbent, standing, or sitting position if possible. Adequate acoustic windows were obtained through intercostal spaces, thoracic inlet, parasternal, or subcostal locations based on each case's condition and radiographic findings. Transverse imaging planes were preferable, but longitudinal planes were also used whenever suitable (1, 2, 4, 16, 23).

Abnormal findings on chest ultrasonography were predefined based on previous literatures (1, 3, 4, 8, 17, 24, 25). Sonographic imaging files in each case were reviewed for the presence or absence of the following abnormalities: pleural effusion, thickened or irregular pleura, comet-tail artifacts, lung atelectasis, consolidation, peripheral pulmonary nodule, mass-like lesion, and non-continuous diaphragm. Table 1 lists the features of abnormal thoracic ultrasound findings.


Table 1. Descriptions of the sonographic features of abnormal thoracic ultrasound findings predefined in this study.
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Statistical analyses were performed using statistical software (MedCalc 19.1; MedCalc Software bv, Ostend, Belgium; R 3.6.1; R Core Team 2019, Vienna, Austria). Data with continuous variables were reported as median and range. Chi-square test or Fisher's exact test was used to assess the association between each sonographic feature and a final diagnosis. The relationship between canine and feline species, age, gender, body weight, sonographic findings, and the diagnosis of neoplasia or pneumonia were analyzed by using logistic regression model, and the variables with p ≤ 0.25 in the univariable logistic regression model were selected into the multivariable logistic regression model. Penalized maximum likelihood estimation was used with logistic regression with a small number of frequency count or with the presence of empty cell frequency in 2 × 2 table to reduce bias in logistic regression in small samples (26). For sonographic characteristics that were likely to predict the diagnosis of neoplasia or pneumonia in multivariable logistic regression model, receiver operating characteristic curves (ROC) were constructed to assess the sensitivity and specificity of a particular sonographic finding.



RESULTS

The study population was comprised of 65 non-emergency visit cases with radiographically identified lung parenchymal and pleural space abnormalities during February 2013 to December 2018 and met with inclusion criteria of this study. Median (range) age of these 46 cats and 19 dogs was 10 (0.3–16) years and 11 (0.5–17) years, respectively. Median (range) body weight was 4.5 (1.1–7.4) kg in cats and 10.4 (1.2–30.9) kg in dogs. All the cases were received chest ultrasonographic examination because of the following reasons: to investigate the abnormal opacity on thoracic radiograph, to guide fine-needle aspiration of nodule/mass-like lesion, to assist thoracocentesis, or to evaluate the characteristics of pleural effusion.

The frequency of the presence of predefined abnormalities in 65 cases were as following: the most common finding was comet tail artifacts shown in 87.7% of cases, followed by consolidation in 84.6%, thickened or irregular pleura in 69.2%, nodule or mass-like lesion in 40%, pleural effusion in 35.4%, lung atelectasis in 21.5%, and non-continuous diaphragm in 4.6%.

The etiologies in 10 of 65 cases (15.4%) were undetermined and excluded from the subsequent analyses. Final diagnoses obtained in 55 cases (84.6%) (37 cats and 18 dogs) were included neoplasia in 23 of 55 (41.8%), pneumonia in 20 of 55 (36.4%), congestive heart failure in 3 of 55 (5.5%), chylothorax in 2 of 55 (3.6%), lung atelectasis caused by chronic lower airway disease in 2 of 55 (3.6%), and one case (1.8%) each with peritoneal-pericardial diaphragmatic hernia, lung parenchymal granuloma, concurrent pneumonia with bullae lung disease, concurrent pneumonia with cardiogenic pulmonary edema, or concurrent pneumonia with neoplasia.

A final diagnosis of neoplasia was made based on the supportive evidence from cytology or histopathology (fine-needle aspiration, biopsy, or necropsy) in 15/24 of cases, consisting of four adenocarcinomas, three tumors of epithelial origin, two carcinomas, two tumors of an uncertain cell type, one squamous cell carcinoma, one neuroendocrine carcinoma, and one metastasis of a mammary gland tumor. If cytological or histopathological evaluation was unavailable (9/24 cases), clinical diagnosis of neoplasia was accepted if it was unlikely to be other etiologies based on the overall clinical presentation (e. g., high likelihood of neoplastic lesion suggested by computed tomography findings; metastasis from previously diagnosed neoplasia supported by imaging findings; history, other clinical data and subsequent outcome highly suggestive of malignancy; presence of multiorgan infiltration). The number of primary neoplasia (18/24) cases was higher than that of metastatic neoplasia (4/24). The primary tumor in two cases with neoplastic lesions on more than one location was indistinguishable.

Diagnosis of pneumonia was given if showed adequate treatment response to antimicrobial agents (16/23 cases). In cases with inadequate response to antimicrobial agents (7/23), the diagnosis of pneumonia was made based on findings by cytology, microbiological tests, computed tomography, or necropsy. A congestive heart failure status was confirmed by echocardiography and other necessary diagnostics. Chylothorax was diagnosed by comparing triglyceride and cholesterol concentrations in pleural effusion with serum values. Lung atelectasis caused by chronic lower airway disease was diagnosed based on medical history and apparent volume reduction of the lung lobe on imaging findings. Hernia was confirmed by computed tomography and surgery. Lung parenchymal granuloma was confirmed by histopathology. Bullae lung disease was diagnosed by computed tomography.


Neoplasia-Associated Sonographic Characteristics

Nodular or mass-like lesion (p < 0.001) and consolidated lesion with heteroechogenicity (p = 0.002) were found to be significantly associated with the diagnosis of neoplasia (Table 2, Figure 1). The presence of pleural effusion, comet-tail artifacts, thickened or irregular pleura, consolidation, and atelectasis were not associated with neoplasia. Species and gender were not statistically associated with neoplasia. Animals with older age were found to be possible risk factors for the diagnosis of neoplasia in univariable logistic regression analyses considering both signalment and sonographic characteristics. “Nodular or mass-like lesion” and “consolidated lesion with heteroechogenicity” were found to be recognized as significant predictors of neoplasia when age, body weight, and other sonographic findings were adjusted (Table 3).


Table 2. Sonographic characteristics in all 65 cases and in cases with final diagnosis as neoplasia or pneumonia.
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FIGURE 1. Sonographic images of (A) focal consolidation vs. (B) nodular-like lesion, (C) consolidation with homoechogenicity vs. (D) heteroechogenicity, and (E) normal pleura vs. (F) thickened/irregular pleura.



Table 3. Univariable and multivariable logistic regression analyses of signalment and sonographic findings predictive of neoplasia.
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The diagnostic performance of a finding of nodular or mass-like lesion by ROC curve showed an area under the ROC curve (AUC) was 0.93 [95% confidence interval [CI]: 0.82–0.98], with sensitivity of 91.7% and specificity of 93.6%. The AUC for consolidated lesion with heteroechogenicity was 0.65 (95% CI: 0.51–0.77), with sensitivity of 29.2% and specificity of 100%.



Pneumonia-Associated Sonographic Characteristics

The presence of thickened or irregular pleura (p = 0.034), consolidation (p = 0.032), and the absence of nodular or mass-like lesion (p < 0.001) were significantly associated with the diagnosis of pneumonia (Table 2). The presence of pleural effusion, comet-tail artifacts, atelectasis, and echogenicity features of consolidated lesion were not associated with pneumonia. Species and gender were not statistically associated with pneumonia. Animals with younger age were also found to be possible risk factors for pneumonia in univariable logistic regression analyses, taking both signalment and sonographic characteristics into consideration. “The presence of consolidation” and “a negative finding for nodular/mass-like lesion” were found to be the significant predictors for the diagnosis of pneumonia after age, body weight, and other sonographic findings were adjusted (Table 4).


Table 4. Univariable and multivariable logistic regression analyses of signalment and sonographic findings predictive of pneumonia.
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The negative finding of nodular/mass-like lesion by ROC curve showed an AUC as 0.83 (95% CI: 0.71–0.92), with sensitivity of 95.7% and specificity of 71%. The diagnostic performance of comet-tail artifacts (AUC 0.74, sensitivity 46.9%, specificity 100.0%), thickened or irregular pleura (AUC 0.67, sensitivity 52.6%, specificity 81.3%), and consolidation (AUC 0.70, sensitivity 50.0%, specificity 90.0%) were found to be poorer than a negative finding of nodular/mass-like lesion.




DISCUSSION

Results of the present study provide information on diagnostic performance of various imaging features of thoracic ultrasound in small animal patients. Common findings such as comet-tail artifacts, consolidation, and thickened/irregular pleura are not distinguishable for a specific diagnosis. Although a final diagnosis cannot be relied solely on the sonographic appearance, some characteristics on chest ultrasonography could help predict the etiology. The presence of “nodular/mass-like lesion” and “consolidated lesion with heteroechogenicity” could predict neoplasia, and the finding of “nodular/mass-like lesion” has the best diagnostic performance for this. The presence of “consolidation” along with “a negative finding of nodular/mass-like lesion” after careful scanning helps predict a diagnosis of pneumonia.

All cases in this study had shown certain abnormalities on thoracic radiographs, and therefore they underwent subsequent evaluation. Thoracic radiography is usually the first approach in clinical patients with lung parenchymal abnormalities. However, the information from radiography can be lessened by the presence of parapneumonic effusion or heavy alveolar-interstitial infiltration adjacent to neoplastic lesions (3, 4, 21, 23, 24), which likely to obscure the underlying etiology. Although computed tomography scan can help clarify the anatomical relationship between lesions and surrounding structures, the high cost and the common need for general anesthesia in small animal patients may limit its use. Ultrasonographic evaluation allows safe, low cost, radiation-free, and easily reproducible imaging modality in demonstrating varied etiologies in human patients with lung parenchymal abnormalities, such as pneumonia and cancer infiltration manifesting as lung consolidation (3, 20, 23). Similarly, the present study also found diverse etiologies and the value of applying chest ultrasonography as a part of diagnostic assessment in small animal patients with lung parenchymal and pleural space abnormalities.

Thoracic ultrasound accompanied by guided fine-needle aspiration or biopsy in dogs and cats with non-cardiac intrathoracic lesions or mass lesions was described as a valuable tool in previous studies (1, 16). In contrast, not all cases in our study received ultrasound-guided sampling for variable reasons (e.g., owners declined ultrasound-guided procedures, having only small amount of effusion, clinicians estimated to have difficulty in manipulating some of the patients, etc.). The reasons of not receiving ultrasound-guided procedures are sometimes inevitable clinical reality that all clinicians may face when handling small animal patients. This highlights the need to evaluate sonographic characteristics that will help predict the underlying etiology.

It was reported in a previous study that inflammatory and neoplastic lesions could not be distinguished by ultrasonographic features (16); however, relatively few animals (16 dogs and three cats) included in that previous work and the lack of statistical analysis may lead to the inconclusive observation. In another earlier study with larger numbers of dogs and cats, most cases enrolled were of neoplastic etiology (47/75), and only one single case diagnosed with eosinophilic lung disease was found to be of inflammatory etiology (1). Therefore, it could be assumed that general ultrasonographic characteristics of pneumonia and the associated diagnostic performance were less clear in dogs and cats. On the contrary, in a recent systematic review and meta-analysis of human patients it was reported that pneumonia can be accurately diagnosed by lung ultrasonography (20). Blurred margins of consolidation with variable air bronchogram seem to be the most common finding among human patients with pneumonia (4, 21, 27). Although this feature also seemed to be commonly found in small animal patients with pneumonia, our results showed the diagnostic performance of a negative finding of nodular/mass-like lesion was better than the presence of consolidation. Moreover, inflammatory consolidation is also likely to be present at the peripheral of a neoplasm (2, 16). In considering the severity of lesions on lung ultrasound can be underestimated without the entire thorax scanning (28), a more extensive scanning of the thorax is necessary before presuming an ultrasonographic diagnosis of pneumonia in small animal patients.

A neoplastic lesion usually shows well-defined and smooth borders in contrast to ill-defined or blurred margins of consolidation (1, 3). Otherwise, in a previous study of 26 cats and 49 dogs, the echo texture of all neoplastic lesions was described as homogeneously hypoechoic (1). In our study, the presence of a nodular or mass-like lesion (with relatively well-defined and smooth margin as predefined) was shown to be a strong predictor for the diagnosis of neoplasia. However, consolidated lesion with heteroechogenicity was also significantly associated with neoplasia, though with a much lower sensitivity. Conversely, the feature of a heterogeneous echogenic pattern was not found to be predictive of malignancy in a prospective study on human patients (22). Considering this and the fact that some neoplastic lesions were also present as hyperechoic (3, 22), the feature of margin rather than the echo texture of a lesion might be more distinguished for the diagnosis of malignancy.

Pleural effusion in cats was commonly reported to be associated with neoplasia, and its presence usually indicates guarded prognosis and short survival (29–32). It is worth evaluating the sonographic appearance of pleural effusion for predicting neoplastic etiology. Nevertheless, neither the presence of pleural effusion nor the echogenic characteristics of the effusion was statistically associated with neoplastic etiology in the present study. It is not surprised that pleural effusion is not specific for a certain diagnosis, while it could also be found in patients with congestive heart failure, pneumonia, or other pleural disorder. Therefore, the occurrence of pleural effusion and the echogenic characteristics of the effusion were not predictive of malignancy based on our results, but pleural effusion could imply poor prognosis in cats with sonographic evidence of a nodular or mass-like lesion suggestive of neoplasia.

Comet-tail artifacts, shown in 88% of cases, was the most prevalent finding among all sonographic abnormalities in the present study. The application of using the severity of comet-tail artifacts, so-called B line on the point-of-care lung ultrasound, to help determine the presence of cardiogenic pulmonary edema in dogs and cats has been evaluated in recent years (11–13, 15). The generation of comet-tail artifacts is caused by the impedance gradient between fluid/tissue and surrounding air; thus, any alveolar or interstitial pulmonary pathology can result in this type of artifacts (14). Consequently, the presence of comet-tail artifacts is probably the least specific finding for aiding diagnosis, but it is supposed to be sensitive and more suitable for use in emergency lung ultrasound.

In this study, convex probes were primarily used, and sector and linear probes were occasionally used, depending on the operator's preference, equipment availability, and body size of the animals. Various types of ultrasound probes were used in previous studies in dogs and cats, including sector (7–7.5 MHz) (1, 16, 17), convex (4–10 MHz) (7, 13), linear (2.4–15 MHz) (9–11, 16), and curvilinear (5–8 MHz) (8, 12–15) probes. The advantage of using a linear probe is the increase in the resolution of near-field structures, which caused impaired penetration of lesions at deeper location in a consolidated lung or within a large effusion (4, 23). For smaller-sized patients with restricted intercostal spaces, convex or sector probes provide smaller footprint and fit better for evaluation (2, 4, 23). Probe selection should depend on the lesion of interest and imaging optimization and thus be determined on a case basis. In general, convex probes with frequency of 5–8 or 3–9 MHz work well for most study animals.

The retrospective study design brings about unavoidable limitations. First, the scanning protocol was probably inconsistent in all cases; thus, some abnormalities were likely not found or recorded, leading to a bias in the analysis of the results. Furthermore, if a lesion was not located peripherally and no effusion can provide adequate acoustic window, ultrasonography would not be considered initially, which could lead to information bias. Moreover, as in all ultrasound techniques, intra- and inter-operator variability may affect diagnosis. Otherwise, not all cases diagnosed as neoplasia had undergone cytological or histopathological evaluation. Although the neoplastic etiology was supported by other clinical features such as computed tomography findings, the lack of gold standard diagnostics might result in misdiagnosis. Second, the study population in our work consisted of respiratory patients with non-emergency visit. It must be brought in mind that differences between emergency and non-emergency cases may exist and should be taken into consideration before applying the findings in this study. Finally, in the field of human chest ultrasonography, other methodologies such as Doppler characteristics that can aid in diagnosis are available, but these applications were not included in this study because of infrequent use in the present cases.

In conclusion, the findings in the present study provide information about sonographic features that help predict the underlying etiology of lung parenchymal and pleural space abnormalities in small animal patients. Although a diagnosis should not be based merely on the sonographic appearance, ultrasound can be used more often on small animal patients with respiratory diseases as a part of evaluation to guide further diagnostics. Our findings highlighted the importance of entire thoracic scanning for making clinical decision. If consolidation is present and pneumonia is clinically suspected, a thorough scanning for “a negative finding of nodular/mass-like lesion” can support the clinical diagnosis of pneumonia. The presence of neoplasia is highly suggestive if “nodular or mass-like lesion” and “consolidated lesion with heteroechogenicity” are noted. Future prospective investigation can be planned on the basis of this study to broaden the understanding of applying this non-invasive and easily available tool in small animal respiratory medicine.
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Variable

SIGNALMENT
Species (dog/cat)
Sex (male/female)
Neutered status (yes/no)
Age (years)
Body weight (kg)
SONOGRAPHIC FINDINGS'
Pleural effusion
Anechoic
Homogenous echogenic
Complex, non-septated
Gomplex, septated
Thickened or irregular pleura
Comet-tail artfacts
Consolidation
With heteroechogenicity
Atelectasis
Nodular or mass-like lesion
Non-continuous diaphragm

Bolded values indicating two-tailed p < 0.05.
2 The variables with p >0.25 in the univariable logistic regression model or with collinearity property were not selected into the multivariable logistic regression model.

Univariable

Crude OR (95% Cl)

0.69 (0.22-2.18)
1.07 (0.36-3.17)
053 (0.13-2.26)
0.83 (0.71-0.97)
0.98(0.89-1.07)

0.49 (0.15-1.58)
068 (0.19-2.39)
0.40 (0.07-2.18)
0.66 (0.06-7.74)
1.36 (0.08-23.0)
4.81(1.18-19.7)
9.75 (1.02-1306)
9.00 (1.05-77.2)
0.19 (0.02-1.70)
0.20 (0.04-1.03)

0.02 (0.002-0.16)

0.25 (0.002-3.28)

053
0.90
0.39
0.02
0.66

0.23
055
0.29
074
0.83
0.03
0.048
0.045
0.14
0.054
<0.001
0.32

Multivariable®

Adjusted OR (95% Cl)

080 (0.54-1.04)

1.03(0.11-11.5)

13.8(0.67-916)
0.31(0.002-121)
19.6 (1.67-469)
0.49 (0.04-5.28)

002 (0.001-0.13)

0.10

0.98

0.093
0.66
0.018

0.55
<0.001
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Sonographic findings All(n=65  Neoplasia  Pneumonia
(n =24 (=29

Pleural effusion 35.4% (23/65) 33.3% (8/24)  26.1% (6/29)
Anecholc 26.2% (17/65)  208% (5/24)  21.7% (5/29)
Homogenous echogenic  16.9% (11/65)  20.8% (5/24)  8.7% (2/23)
Complex, non-septated ~ 6.2% (4/65)  4.2%(1/24)  4.3% (1/29)

Complex, septated 4.6%(3/65)  0.0%(0/24)  4.3%(1/29)
Thickened or iregular pleura69.2% (45/65) 66.7% (16/24) 87.0% (20/23)°
Comet tail arifacts 87.7% (57/65) 91.7% (22/24) 100.0% (28/23)
Consolidation 84.6% (55/65) 87.5% (21/24)  95.7% (22/23)*
Focal consolidation 69.2% (45/65)  70.8% (17/24)  87.0% (20/28)"
Partial consolidation 50.8% (33/65)  41.7% (10/24)  73.9% (17/23)°
Lobar consolidation 16.9% (11/65)  12.5% (3/24)  21.7% (5/20)
Atelectasis 21.5% (14/65)  208% (5/24)  8.7% (2/23)

Nodular or mass-like lesion  40.0% (26/65) 91.7% (22/24¢  4.3% (1/23)°
Non-continuous diaphragm ~ 4.6% (3/65)  4.2% (1/24)  0.0% (0/23)

@ Cases here included: 23 cases with a final diagnosis of neoplasia and 1 case with
concurrent neoplesia and other diseases.

> Cases here included: 20 cases with  final diagnosis of pneumonia and 3 cases with
concurrent pneumonia and other diseases.

© Significant difference (b < 0.05) between animals with and without neoplasia in
chi-square or Fisher's exect test.

9 Significant diference (o < 0.05) between animals with and without pneumonia in
chi-square or Fisher's exact test.
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Variable Univariable Multivariable®

Crude OR (95% Cl) P Adjusted OR (95% Cl) p
NALMENT
Species (dog/cat) 1.75 (0.57-5.36) 033 - -
Sex (male/female) 1.56 (0.53-4.63) 042 - -
Neutered status (yes/no) 1.68 (0.37-7.55) 050 - -
Age (years) 1.29 (1.07-1.56) 0.008 1.39(0.94-3.18) 011
Body weight (k) 1.07 (0.97-1.18) 0.18 1.04 (0.89-1.40) 070
Pleural effusion 091 (0.30-2.80) 087 - -
Anechoic 0,64 (0.18-2.25) 0.49 - -
Homogenous echogenic 246 (0.52-11.5) 025 4.38 (0.15-1287) 0.46
Complex, non-septated 063 (0.05-7.39) 071 - -
Complex, septated 0.24(0.002-3.14) 030 - -
Thickened or iregular pleura 0.70 (0.22-2.24) 054 - -
Comet-tail artifacts 1.18 (0.18-7.68) 086 - -
Consolidation 2.04 (0.47-8.91) 034 - -
With heteroschogenicity 27 (2.98-3583) 0.001 240 (7.62-70329) 0.001
Atelectasis 076 (0.21-2.70) 067 - -
Nodular or mass-like lesion 106 (21-878) <0.001 212 (21-31388) <0.001
Non-continuous diaphragm 1.30 (0.08-22.0) 085 - -

Bolded values indicating two-tailed p < 0.05.
2 The variables with p >0.25 in the univariable logistic regression model or with collinearity property were not selected into the multivariable logistic regression model.
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Pleural effusion (24)
Anechoic
Homogenous echogenic

Complex, non-septated

Complex, septated

Presence of anechoic or echogenic fluid between
visceral pleura and the parietal pleura

Echo-free fluid

Homogeneously echogenic fluid

Heterogeneous echogenic material inside the anechoic
effusions

With fibrin strands or septa floating inside the effusions

Thickened o iregular
pleura (4)

Presence of pleural thickening or irregularities of the
pleural margins, instead of a smooth echogenic to
hypoechoic line

Comet-tail artfacts (1, &)

Vertical reverberation artfacts extended from the
pulmonary-pleural interface to the far field

Consolidation (3, 4, 25)

Focal consolidation
Partial consolidation
Lobar consolidation

A bronchogram

Fluid bronchogram

An echoic or hypoechoic area with tissue-like
echotexture and il-defined margin at far field. With or
without air bronchogram or fluid bronchogram
Involve focal or multifocal area

Involve partial but not the entire lung lobe

Involve the entire lung lobe, with hepatization
appearance

Multple echogenic foci caused by residual air within
alveoli and bronchi

Tubular branching structure with anechoic or
hypoechoic lumen which has no blood flow detected
by Doppler ultrasound

Atelectasis (4, 25)

Collapsed (reduced volume) lung lobe which can be
identified as smalltriangular, echogenic structures, with
or without air bronchogram

Peripheral pulmonary
nodule(s) (25)

Small hypoechoic areas beneath the visceral pleura,
with relatively smooth and regular margins

Mass-like lesion(s) (3, 26)

A solid mass-like area with relatively well-defined
margins and variable echo textures

Non-continuous diaphragm
(17, 25)

Discontinuity of the curvilinear echogenicity between
the liver-diaphragm and lung, or look for evidence of
abdominal viscera n the thorax
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