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Abstract

Background: Comparison of clinical findings, chest radiographs (CXR), lung ultra-

sound (LUS) findings, and C-reactive protein (CRP) concentrations at admission and

serial follow-up in dogs with aspiration pneumonia (AP) is lacking.

Hypothesis: Lung ultrasound lesions in dogs with AP are similar to those described in

humans with community-acquired pneumonia (comAP); the severity of CXR and LUS

lesions are similar; normalization of CRP concentration precedes resolution of imag-

ing abnormalities and more closely reflects the clinical improvement of dogs.

Animals: Seventeen dogs with AP.

Methods: Prospective observational study. Clinical examination, CXR, LUS, and CRP

measurements performed at admission (n = 17), 2 weeks (n = 13), and 1 month after

diagnosis (n = 6). All dogs received antimicrobial therapy. Lung ultrasound and CXR

canine aspiration scoring systems used to compare abnormalities.

Results: B-lines and shred signs with or without bronchograms were identified on LUS

in 14 of 17 and 16 of 17, at admission. Chest radiographs and LUS scores differed sig-

nificantly using both canine AP scoring systems at each time point (18 regions per dog,

P < .001). Clinical and CRP normalization occurred in all dogs during follow up. Shred

signs disappeared on LUS in all but 1 of 6 dogs at 1 month follow-up, while B-lines and

CXR abnormalities persisted in 4 of 6 and all dogs, respectively.

Conclusion and Clinical Importance: Lung ultrasound findings resemble those of

humans with comAP and differ from CXR findings. Shred signs and high CRP concen-

trations better reflect clinical findings during serial evaluation of dogs.
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1 | INTRODUCTION

Aspiration pneumonia (AP) is defined as a bacterial pulmonary infec-

tion secondary to the aspiration of foreign contents.1,2 Diagnosis is

based on history of vomiting or regurgitation, clinical signs of fever

and tachypnea, and chest radiographs (CXR).1-5 Differentiating AP

from sterile pneumonitis requires collection of lower airway samples

for cytology and culture, which in practice is rarely performed because

of cost and complications associated with these procedures.1,6 In

humans, community-acquired pneumonia (comAP) encompasses all

pneumonias acquired outside the hospital setting, in contrast to venti-

lator and hospital-acquired pneumonias. Similar to ComAP, AP in dogs

is often associated with bacteria susceptible to first-line

antimicrobials.1,7

Community-acquired pneumonia is typically treated with a 7 to

10-day course of antimicrobials, with discontinuation based on clinical

improvement8,9 and acute phase protein (APP) kinetics, which is con-

sidered safe and shortens treatment duration.10-13 As clinical improve-

ment precedes resolution of lesions on CXR, radiographs are no

longer recommended in humans with pneumonia.14,15 In contrast,

research is lacking with regards to the optimal duration of antimicro-

bial therapy and the role for CXR in dogs with AP. Current opinion-

based recommendations advise treating bacterial pneumonia with

3 to 6 weeks of antimicrobials.1,7 Chest radiographs are rec-

ommended 10 to 14 days after diagnosis,7 although studies describing

the evolution of CXR during recovery are limited.16 Studies in veteri-

nary medicine demonstrate that C-reactive protein (CRP) is a reliable

APP to monitor treatment response in bacterial pneumonia in

dogs.17,18

The use of lung ultrasound (LUS) as a diagnostic and monitoring

tool in humans has increased over the past decade.19-28 It has com-

parable sensitivity and specificity to CXR for the diagnosis of pneu-

monia in humans.19 Lung ultrasound identification of lung

consolidations, characterized by a tissue sign (entire width of the

lung lobe affected) or a shred sign (partial width of the lung lobe

affected), increased numbers of B-Lines, and pleural effusion is

described. Humans with comAP have air and fluid bonchograms

identified in 50% to 97% and 0% to 31% of cases,

respectively.13,20,21,29,30

Point-of-care LUS has been described in veterinary medicine for

identification of congestive heart failure, pulmonary hemorrhage, and

other causes of alveolar-interstitial syndrome.31-41 Lung ultrasound

findings in dogs presenting with AP have been described in a small

cohort of dogs.36 It is currently unknown if serial LUS evaluation is

beneficial in the management of dogs with AP.

The purpose of this study was to describe LUS lesions in dogs

with AP and to compare serial LUS evaluation to other current diag-

nostics (CXR and CRP).

Our hypotheses were that LUS lesions in dogs with AP are similar

to those described in humans with comAP; the severity of CXR and

LUS lesions are similar and normalization of CRP concentration pre-

cedes resolution of imaging abnormalities on serial evaluation and

better reflects the recovery process.

2 | MATERIALS AND METHODS

2.1 | Study cohort

Owner consent and ethics approval from the University of Liège

were obtained for this prospective longitudinal observational study

(January to December 2019). Dogs with a presumptive diagnosis of

AP based on history (eg, vomiting, regurgitation, laryngeal dysfunc-

tion, recent anesthesia, or neurological signs), clinical findings (eg,

cough, fever, anorexia, or increased respiratory rate), CXR findings

(interstitial or alveolar lung lesions), and increased serum CRP concen-

trations were enrolled. Dogs diagnosed with AP within the previous

30 days, having received antibiotics for more than 5 days before

admission, or having suspected concomitant lung disease, were

excluded.

Clinical examination, 3-view CXR, LUS, and CRP measurements

were performed after stabilization and within 60 minutes of each

other at 3 time points: admission (T0), 2 weeks after diagnosis (T1),

and 1 month after diagnosis (T2). CXR were reviewed and scored by a

board-certified radiologist blinded to LUS findings and time point.

A LUS-trained internal medicine resident, blinded to CXR findings,

performed LUS using a portable ultrasound machine using a modifica-

tion of a previously described protocol, where 3-second video cine-

loops were recorded at 3 intercostal spaces (4th, 6th, and 8th) in the

dorsal, middle, and ventral thirds of the thorax (9 regions in total per

hemithorax).37 A modification of this technique was used in the

ventral thoracic regions.38 This involves keeping the probe parallel

to the ribs and sliding it ventrally and dorsally between the sternal

muscles and ventral lung regions within each intercostal space. Abnor-

malities recorded at each region are described in Table 1. Lung ultra-

sound lesions were compared to CXR findings after dividing lateral

radiographs into 9 regions (Figure 1), grossly corresponding to the

recorded LUS regions. Lung ultrasound and CXR findings were com-

pared using a canine aspiration pneumonia score for LUS (LUS-CAPS)

and CXR (CXR-CAPS), and a simplified canine aspiration pneumonia

score for LUS (LUS-sCAPS) and CXR (CXR-sCAPS; Table 2 and

Table 3). The CXR scoring systems were based on a CXR AP classifica-

tion previously described4 while the LUS scoring systems were arbi-

trarily created by the authors.

Serum CRP concentrations were measured via a particle-enhanced

turbidimetric immunoassay, previously validated in dogs,43 with an

upper reference range of 9 mg/L. Samples were analyzed within

24 hours or preserved at �80�C until analysis.

Dogs were hospitalized and medically managed at the discretion

of the attending clinician. Amoxicillin clavulanic acid (approximately

22 mg/kg q12h) was administered to all dogs for 4 to 6 weeks

according to current recommended guidelines.6 Clinical findings com-

patible with AP included client observations and physical examination

findings. Resolution of AP was defined as the absence of owner

observed clinical signs for at least 2 days before the visit (eg, cough,

increased respiratory rate or respiratory distress, anorexia, lethargy)

and an unremarkable physical examination (eg, normal temperature,

no crackles or increased lung sounds on auscultation).
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2.2 | Statistical analysis

For each time point (T0, T1, T2), overall median CAPS and sCAPS were

calculated across all regions (n = 18 per dog) for all dogs with data

available at that time point. Data for each imaging modality and each

scoring system (LUS-CAPS, LUS-sCAPS, CXR-CAPS, and CXR-sCAPS)

at each time point were reported as overall median and interquartile

range (IQR). For dogs with data available at T1, scores for each imaging

modality and CRP were compared between T0 and T1 using Wilcoxon

signed-rank tests. For dogs with data available at T1 and T2, scores for

each imaging modality and CRP were compared between T0, T1, and

T2 using Friedman tests with post-hoc Nemenyi's for multiple compari-

sons. Finally, within each time point (T0, T1, T2), results were compared

between LUS-CAPS and CXR-CAPS and between LUS-sCAPS and

CXR-sCAPS using Wilcoxon signed-rank tests. For all statistical tests,

a value of P < .05 was considered significant.

3 | RESULTS

3.1 | Study cohort

Seventeen dogs of various breeds were included. Mean age at T0 was

5.4 years (range, 4 months-12 years). Nine dogs were female

(4 neutered) and 8 were male (6 neutered). Median body weight was

10 kg (range, 3.7-70.4). Ten of the 17 dogs had a recent history of

acute vomiting, 4 had a history of regurgitation, 2 presented with sei-

zures, and 1 underwent general anesthesia before the diagnosis of

AP. Lethargy was observed by the owners in all cases, anorexia

occurred in 14 dogs, an increased respiratory rate was observed in

10 dogs and 2 dogs started coughing shortly after vomiting. Follow-

up information was available for 13 dogs at T1 and 6 dogs at T2.

3.2 | Physical examination findings

Physical examination findings at T0 are listed in Table 4. All dogs had

at least 1 abnormal physical examination finding at T0. A productive

cough was also observed in 4 dogs. At T1 and T2, all dogs had com-

plete resolution of clinical findings associated with AP, which included

both clinical signs and physical examination findings.

3.3 | Radiographic findings

At T0, all dogs had a localized alveolar pattern on CXR (unilateral in

10, bilateral in 7). Figure 2 shows the CXR-CAPS results over all lung

regions as a percentage of abnormalities identified at T0 (17 dogs

included with 18 regions evaluated per dog, making up a total of

306 regions), T1 (n = 13, 234 regions) and T2 (n = 6, 108 regions) in

all dogs. Similar information for CXR-sCAPS is presented in Figure 3,

showing that alveolar patterns became less frequent, while an intersti-

tial pattern was increasingly observed during follow-up.

TABLE 1 Lung ultrasound abnormalities as defined in humans with comAP

Lesion severity LUS abnormalities Definition

Mild 1 to 3 B-lines 1 to 3 hyperechoic laser like lines arising from the

pleural line and moving with lung sliding24

>3 B-lines More than 3 B-lined, as described above24

Coalescent B-lines B-lines forming a “white curtain”42

Severe Pleural effusion Homogenous, anechoic fluid between the visceral and

parietal pleura42

Lung consolidation Shred sign Non translobar lung consolidation with an irregular

shape and blurred margins between aerated and

consolidated lung24

Tissue sign Translobar lung consolidation29

Air bronchogram Dynamic echoic branches or spots that fluctuate with

the respiratory cycle42

Fluid bronchogram Tubular anechoic structure filled with fluid42

Abbreviations: comAP, community-acquired pneumonia; LUS, lung ultrasound.

F IGURE 1 Division of a lateral CXR into 9 regions grossly
corresponding to the recorded LUS regions

FERNANDES RODRIGUES ET AL. 745
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In the 13 dogs with follow-up available at T1, CXR-CAPS

were significantly different between time points T0 and T1 (T0:

2 [1-5]; T1: 1 [1, 2]; P < .001). CXR-sCAPS in these 13 dogs were

also significantly different between T0 and T1 (n = 13, T0:

1 [1, 2]; T1: 0 [0-1]; P < .0001). Regarding the 6 dogs with

follow-up available at T2, CXR-CAPS scores were significantly dif-

ferent at T0 (2 [1-5]) compared to T1(2 [1-3]; P = .002) and T2

(1 [1, 2]; P < .0001), but not between T1 and T2 (P = .26). Chest

radiographs-sCAPS scores in these 6 dogs were significantly dif-

ferent at T0 (1 [1, 2]) compared to T2 (1 [1]; P = .02), but not

between any other time point (P = .26 between T0 and T1,

P = .48 between T1 and T2).

3.4 | Lung ultrasound findings

Figure 4 shows the percentage of regions with different LUS patterns

according to the LUS-CAPS at T0 (n = 17, 306 regions), T1 (n = 13,

234 regions), and T2 (n = 6, 108 regions) in all dogs. Figure 5 shows

the LUS-sCAPS results over all lung regions as a percentage of abnor-

malities identified at all time points.

At T0, 16 dogs had shred signs visible on LUS. In these 16 dogs,

air bronchograms were identified in 12, fluid bronchograms in 4, and

both bronchograms were visualized in 2 dogs within the shred signs

(Figure 6). Pleural effusion and tissue signs were not identified in any

dog at any time point. A shred sign persisted in 1 dog with serial

follow-up to T2, despite not having clinical findings compatible with

AP at T1 or T2.

Table 5 shows the distribution of LUS lesions at each time point

according to LUS-CAPS, as well as the percentage of dogs having

abnormalities in each region. The most severe lesions were found in

the right ventral hemithorax at T0 showing median grades of 4 and

TABLE 4 Physical examination findings at admission

Physical examination findings
Number of
dogs (n = 17)

Respiratory

pattern

Restrictive 12

Tachypnea 2

Increased inspiratory

effort

3

Breathing

sounds

Stertor 2

Normal 11

Auscultation

sounds

Crackles 7

Increased sounds 8

Normal 2

Temperature Increased 12 (Mean 40�C)

Normal 5 F IGURE 2 Chest radiographs scores according to the CXR-CAPS,
as described in Table 2, at each time point. Percentage of regions with
different CXR scores according to the CXR-CAPS at admission (T0,

n = 17, 306 regions), 2 weeks (T1, n = 13, 234 regions), and 1 month
(T2, n = 6, 108 regions) after diagnosis

TABLE 2 Classification of CXR
lesions according to the CXR-sCAPS and
CXR-CAPS applied to each CXR regions
(9 regions per hemithorax; 18 regions
per dog)

sCAPS 0

No lesions

1 2

Interstitial pattern Alveolar pattern

CAPS 1 2 3 4 5 6

Mild Moderate Severe Mild Moderate Severe

Abbreviations: CAPS, canine aspiration pneumonia score; CXR, chest radiographs; sCAPS, simplified

canine aspiration pneumonia score.

TABLE 3 Classification of LUS lesions according to the LUS-sCAPS and LUS-CAPS applied to each LUS regions (9 regions per hemithorax; 18
regions per dog)

sCAPS 0

No lesions

1 2

Mild Severe

CAPS 1 2 3 4 5 6

1–3 B-

lines

>3 B-

lines

Coalescent B-

lines

Shred

sign

Shred sign with air bronchogram, fluid bronchogram,

or both

Tissue

sign

Abbreviations: CAPS, canine aspiration pneumonia score; LUS, lung ultrasound; sCAPS, simplified canine aspiration pneumonia score.

746 FERNANDES RODRIGUES ET AL.
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5 based on LUS-CAPS. As shown in Table 5, median severity of

lesions and the percentage of affected dogs were higher bilaterally in

the ventral lung regions at all time points, although the overall per-

centage of animals with identifiable LUS lesions decreased with each

serial evaluation.

In the 13 dogs with follow-up available at T1, LUS-CAPS were

significantly different at T0 (0 [0-2]) compared to T1 (0 [0-1];

P < .0001). These dogs also had statistically significant differences in

LUS-sCAPS scores at T0 (0 [0-1]) compared to T1 (0 [0-1]; P < .0001).

In the 6 dogs available at T2, median LUS-CAPS scores were signifi-

cantly different at T0 (0 [0-3]) compared to T1 (0[0-1]; P = .003) and

T2 (0 [0-1]; P = 0), but not between T1 and T2 (P = .71). These dogs

also had LUS-sCAPS scores that were significantly different at T0

(0 [0-1]) compared to T1 (0 [0-1]; P = .004) and T2 (0 [0-1]; P < .006),

but not between T1 and T2 (P = .78).

3.5 | Serum C-reactive protein concentration

C-reactive protein concentrations at different time points are pres-

ented in Figure 7. Median CRP concentration was 137 mg/L (range,

24-267 mg/L) at T0, 5 mg/L at T1 (range, 3-32 mg/L) and 5 mg/L at

T2 (range, 3-8 mg/L). Values were increased (> 9 mg/L) in 2 dogs at

T1, despite resolution of clinical findings in both. C-reactive protein

was normal in all dogs at T2.

There was a significant difference between CRP concentrations

at T0 and T1 (n = 13, P = 0). In the 6 dogs that were available at

T2, there was a statistically significant difference between T0 and

T1 (P = .03) and between T0 and T2 (P = .03), but there was no sig-

nificant difference between T1 and T2 concentrations

(n = 6, P = 1).

3.6 | Comparison of clinical, CXR findings, LUS
findings

Chest radiographs-CAPS scores (n = 18 per dog) were higher than

LUS-CAPS scores at T0 (2 [1–5] vs 0 [0-2]; P < .001), T1 (1 [1, 2] vs

0 [0-1], P < .001), and T2 (1 [1, 2] vs 0 [0-1], P < .001). Chest radio-

grpahs-sCAPS scores were higher than LUS-sCAPS at T0 (1 [1, 2] vs 0

[0-1], P < .001), T1 (1 [1] vs 0 [0-1], P < .001), and T2 (1 [1] vs

0 [0-1], P < .001).

7
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82

75

49

11

13

41

0% 20% 40% 60% 80% 100%

T2

T1

T0

Score 0 Score 1 Score 2

F IGURE 3 Percentage of regions classified as showing no lesions
(score 0), an interstitial pattern (score 1), or an alveolar pattern (score
2) according to the CXR-sCAPS at admission (T0) (n = 17, 306
regions), 2 weeks after diagnosis (T1) (n = 13, 234 regions), and
1 month after diagnosis (T2) (n = 6, 108 regions)

F IGURE 4 Lung ultrasound scores according to the LUS-CAPS, as
described in Table 3, at each time point. Percentage of regions with
different LUS scores according to the LUS-CAPS at admission (T0,
n = 17, 306 regions), 2 weeks (T1, n = 13, 234 regions), and 1 month
(T2, n = 6, 108 regions) after diagnosis
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F IGURE 5 Percentage of regions classified as showing no lesions
(score 0), B-lines (score 1), or lung consolidation (shred sign or

air/fluid bronchogram, score 2) according to the LUS-sCAPS at
admission (T0) (n = 17, 306 regions), 2 weeks after diagnosis
(T1) (n = 13, 234 regions), and 1 month after diagnosis (T2) (n = 6,
108 regions)
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More dogs had an alveolar pattern identified on CXR than lung

consolidation on ultrasound (Figures 2 and 3). An interstitial pattern

on CXR (Figure 2) and the absence of LUS lesions (Figure 4) were the

most common findings at all time points when all regions were

considered. For each imaging modality, abnormalities scored as mild

on sCAPS persisted across time points; for LUS, the frequency of

detecting B-lines was similar at T0 and T2, while for CXR, the finding

of an interstitial pattern at any region increased from 49% to 82%.

F IGURE 6 Still image and schematic of a LUS in a dog with aspiration pneumonia. 1: Pleural line; 2: Coalescent numbers of B-lines; 3: Lung
tissue visible because of severe decrease in aerated lung; 4: Shred sign; 5: Fluid bronchogram (longitudinal image); 6: Air bronchogram
(longitudinal image) and Air bronchograms (transverse image)

TABLE 5 Distribution of LUS findings on the right and left hemithorax, according to the LUS-CAPS at the different time points

Left Right

T0

n = 17

T1

n = 13

T2

n = 6

Note: Median lesion severity score according to the LUS-CAPS in each region corresponds to the color grading of the circles ranging from 0 to 6

. The 5 different circle sizes correspond to a percentage range of dogs showing lesions

in that region (1%-20%; 21%-40%; 41%-60%; 61%-80%; 81%-100%). The absence of any circle indicates that no dogs had any lesion on that region at that

time point.

Abbreviations: CAPS, canine aspiration pneumonia score; Cd, caudal; Cr, cranial; D, dorsal; LUS, lung ultrasound; T0, admission; T1, 2 weeks after

diagnosis; T2, 1 month after diagnosis; V, ventral.
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4 | DISCUSSION

This study describes LUS lesions in dogs with AP at both admission

and follow-up and compares imaging severity scores for AP between

LUS and CXR.

As hypothesized, LUS findings in dogs with AP were similar to

those described in humans with comAP.13,20,21,29,30 The most fre-

quent abnormalities noted at T0 were an increased number of B-lines,

shred signs, air bronchograms, fluid bronchograms, or both

bronchograms. CXR findings of AP in dogs are most often observed in

the right ventral hemithorax because of the gravity dependent nature

of the lesions.2 A similar finding for LUS abnormalities was observed

in our study, as shown in Table 5, with a shred sign being most fre-

quently located in the ventral regions (right > left) at T0. With the

exception of 1 dog, these consolidations resolved over time. In cases

of suspected dogs with AP, identifying ventral LUS consolidations

provides supporting evidence for a diagnosis of AP, although further

studies comparing AP to other disease conditions, particularly those

causing lung consolidation, are required to determine the true sensi-

tivity and specificity of LUS to identify AP in dogs.

Unlike comAP in humans, pleural effusion and tissue signs were

not observed in the current study. The number of dogs in the current

study was small and a larger study with more severely affected dogs

might detect pleural effusion and tissue signs. The absence of pleural

effusion in dogs with AP might also be due to species differences.

Although pleural effusion is described in dogs with pneumonia, it

appears to be uncommon.44 In contrast, pleural effusion is a common

finding in humans with comAP occurring in up to 34.4% to 61% of

patients.30 In humans, pleural effusion occurs because of an inflamma-

tory reaction of the pleura with neutrophil accumulation and subse-

quently increased vascular endothelial permeability.45 Tissue signs,

also referred to as translobar lung consolidations, are considered a

more severe form of lung consolidations than shred signs.29 The inci-

dence of tissue signs in humans with pneumonia is considered rare.29

Based on our clinical experience, we believe that the absence of a tis-

sue sign could also be explained by a less severe form of the disease

in dogs compared to humans, or other inherent pathophysiological dif-

ferences between human comAP and AP in dogs.

This report describes air and fluid bronchograms in dogs with AP,

with air bronchograms being more commonly observed, which is simi-

lar to human pneumonia.20,30 LUS lesions were described in a small

cohort of 7 dogs diagnosed with bacterial pneumonia as part of a

larger study, but no follow-up was performed and the presence of air

and fluid bronchograms was not assessed.36 Air bronchograms repre-

sent air filled bronchi (punctate or linear hyperechoic structures) sur-

rounded by consolidated lung. Air bronchograms can be dynamic or

static in nature. Dynamic air bronchograms result from the centrifugal

movement of air during the respiratory cycle because air is

sonographically visible moving within the airways during respiration.

In contrast, there is no visible respiratory-driven movement of air with

static air bronchograms, which represent trapped air within a col-

lapsed lung region, often observed with absorptive atelectasis.28 Fluid

bronchograms are present when fluid filled bronchi (anechoic tubular

structures with hyperechoic walls) are surrounded by collapsed or

consolidated lung.46 Fluid bronchograms have been described in cases

of pneumonia secondary to the presence of aspirated contents or an

inflammatory reaction within the bronchi.28 From our limited clinical

experience, there does not appear to be a clinically relevant difference

between the presence of air vs fluid bronchograms in dogs with

AP. Therefore, we chose to classify them with the same score (score

5 LUS-CAPS).

There is limited research regarding the serial progression and evo-

lution of radiographic lesions in dogs with AP. Evidence for the rec-

ommendation to perform follow-up CXR 10-14 days after starting as

well as 1 week after discontinuing antimicrobial therapy in dogs is lac-

king.1,6 One study showed a complete resolution of CXR abnormali-

ties in 55% and 54.5% of dogs at 2- and 4-week post-diagnosis of AP,

respectively.16 In our study, there was a clear tendency toward

improvement of CXR lesions over time (Figure 2), with alveolar pat-

terns observed in 41%, 13%, and 11% of regions at T0, T1, and T2

respectively. However, mild CXR abnormalities (interstitial pattern)

persisted across time points, and complete resolution of CXR abnor-

malities was not observed in any dog. Although the board-certified

radiologist was blinded to the time point that CXRs were performed,

the lack of a control group for comparison might have biased the radi-

ologist toward an over-appreciation of lesions.

A previous study comparing lesion distribution between CXR and

LUS for alveolar-interstitial syndrome showed only fair agreement

between the 2 modalities.40 Similarly, our study identified significant

differences at all time points between CXR and LUS. Positional atelec-

tasis from recumbency could have impacted the lung parenchyma, but

neither CXR nor LUS required prolonged recumbency.1 The discrepant

findings might also be explained by the lack of precise landmarks used

to divide the LUS and CXR into regions. The LUS technique described

F IGURE 7 Serum C-reactive protein (CRP) concentrations at each
time point. Box plot showing CRP concentrations in dogs presented
with aspiration pneumonia at admission (T0) (n = 17, mean (+):

129 mg/L, median (�): 137 mg/L, range, 24-267 mg/L), 2 weeks after
diagnosis (T1) (n = 13, mean (+): 7 mg/L, median (�): 5 mg/dL, range,
3-32 mg/L), and 1 month after diagnosis (T2) (n = 6 dogs, mean (+):
5 mg/L, median (�): 5 mg/dL, range, 3-8 mg/L)
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begins at the upper caudal dorsal portion of each hemithorax where

lung sliding is identified and follows an S-shaped pattern where the

caudal, mid, and ventral lungs are evaluated,37 but more precise land-

marks beyond dorsal, middle, and ventral are lacking.

Although the majority of AP lesions are visible at the lung sur-

face, abnormalities within the lung parenchyma might be missed with

LUS, but visible on CXR. In humans with comAP, 8% of lesions

observed on CXR are missed using LUS13 and their location deep

within the lung parenchyma has been suggested as a possible expla-

nation for this discrepancy. Conversely, although CXR images also

detect lesions within the lung parenchyma, they are hampered by

superposition. Interobserver repeatability for LUS abnormalities was

not evaluated, as all LUS scores were performed by a single

observer. Lung ultrasound and CXR scores are clinician dependent,

which might explain the identified differences. The arbitrary scoring

systems used for both imaging modalities might largely explain the

significant differences between CXR and LUS scores using both

CAPS and sCAPS.

We attempted to create a LUS scoring system for dogs with AP

to allow comparison of abnormalities with CXR findings based on a

previously published CXR scoring system.4 In addition, we also cre-

ated a simplified version of both scores (CXR and LUS-sCAPS), to

determine if a less complex scoring system (based on the presence of

alveolar lesions on CXR or lung consolidation on LUS) would provide

similar information. Based on the results of the current study, CXR

and LUS CAPS and sCAPS scores should not be compared in cases of

AP. However, given that both scoring systems showed similar changes

over time, the simplified scoring system could be considered an equiv-

alent alternative for either modality.

C-reactive protein is a reliable APP to monitor treatment

response in bacterial pneumonia in dogs.17,18 All dogs had complete

resolution of clinical findings during follow-up and, according to our

results, CRP concentration and the resolution of lung consolidations

on LUS corresponded best with clinical findings. The low number of

dogs included during follow-up prevented comparison between LUS

and CRP over time; however, both might be useful and provide com-

plementary information when monitoring dogs with AP. This is

supported by the fact that CRP concentration remained slightly ele-

vated in only 2 dogs at T1 and was normal in all dogs at T2, while lung

consolidation (LUS-sCAPS score 2) only persisted in 1 dog during

follow-up. Sonographic resolution of lung consolidations has been

described in humans with comAP at short-term follow-up, but has not

been reported in the veterinary literature. Our study suggests that

severe and mild abnormalities on CXR and detection of only B-lines

on LUS correspond poorly with clinical findings during follow-up. This

is supported by the fact that severe CXR lesions were present in 13%

and 11% and mild CXR lesions in 74% and 82% of all the regions eval-

uated at T1 and T2, respectively. B-lines were detected in 35% and

24% of the regions evaluated at T1 and T2, respectively.

This study had several limitations including the small number of

dogs enrolled, which decreased over time. The reference standard for

diagnosis of AP is defined as the presence of bacteria on lower airway

samples. Lower airway sampling was not performed in any dog

because hospital policy at the clinical study location considers it to be

a relatively expensive and invasive technique.1,6 Regardless, given the

clinical presentation and response to treatment noted in all cases, AP

was the most likely final diagnosis. We did not distinguish static and

dynamic air bronchograms as AP is rarely associated with atelectasis,

which is the main cause of static air bronchograms.28

In conclusion, dogs with AP have similar lesions as those

described in humans with comAP. There are significant differences

noted between CXR and LUS CAPS and sCAPS scores in dogs. At the

time of diagnosis, LUS consolidations are most often observed ven-

trally. Resolution of lung consolidations on LUS and normalization of

CRP concentrations seem to be the monitoring tools that most closely

follow clinical findings compatible with AP. The sCAPS might be pre-

ferred over CAPS as it is easier to apply but still allows resolution of

lung consolidations to be followed serially over time. Further studies

comparing CRP, LUS, and clinical findings are required to determine

optimal antibiotic discontinuation times in dogs with AP.
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