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Abstract

Objective � To describe clinical respiratory parameters in cats and dogs with respiratory distress and
identify associations between respiratory signs at presentation and localization of the disease with particular
evaluation between the synchrony of abdominal and chest wall movements as a clinical indicators for pleural
space disease.

Design � Prospective observational clinical study.

Setting � Emergency service in a university veterinary teaching hospital.

Animals � Cats and dogs with respiratory distress presented to the emergency service between April 2008
and July 2009.

Interventions � None.

Measurements and Main Results � The following parameters were systematically determined at time of
admission: respiratory rate, heart rate, temperature, type of breathing, movement of the thoracic and
abdominal wall during inspiration, presence of stridor, presence and type of dyspnea, and results of thoracic
auscultation. Abdominal and chest wall movement was categorized as synchronous, asynchronous, or
inverse. Diagnostic test results, diagnosis, and outcome were subsequently recorded. Based on the final
diagnoses, animals were assigned to 1 or more of the following groups regarding the anatomical localization
of the respiratory distress: upper airways, lower airways, lung parenchyma, pleural space, thoracic wall,
nonrespiratory causes, and normal animals. One hundred and seventy-six animals (103 cats and 73 dogs) were
evaluated. Inspiratory dyspnea was associated with upper airway disease in dogs and expiratory dyspnea
with lower airway disease in cats. Respiratory noises were significantly associated and highly sensitive and
specific for upper airway disease. An asynchronous or inverse breathing pattern and decreased lung
auscultation results were significantly associated with pleural space disease in both dogs and cats (Po0.001).
The combination is highly sensitive (99%) but not very specific (45%). Fast and shallow breathing was not
associated with pleural space disease. Increased or moist pulmonary auscultation findings were associated
with parenchymal lung disease.

Conclusions � Cats and dogs with pleural space disease can be identified by an asynchronous or inverse
breathing pattern in combination with decreased lung sounds on auscultation.

(J Vet Emerg Crit Care 2011; 21(1): 13–23) doi: 10.1111/j.1476-4431.2010.00589.x
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Introduction

The purpose of breathing is to provide adequate gas

exchange to meet the metabolic demands of the indi-

vidual animal. In health, this is accomplished effec-

tively and efficiently. With respiratory disease, the
animal either minimizes its activity or compensates by

altering its breathing pattern or respiratory rate (RR).

Many animals effectively hide their illness until
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critically low levels of lung reserve remain. These an-

imals deteriorate rapidly when experiencing stress, and

stress associated with handling and diagnostic evalu-

ation may cause respiratory arrest.1 Stabilization of the

patient with appropriate drugs or procedures is often

required before a diagnostic workup, as procedures

such as diagnostic imaging may be too stressful for the
patient. Clinical parameters that help distinguish re-

spiratory diseases on presentation may be useful for the

stabilization of the emergent patient.

Potential causes of respiratory disease may be iden-

tified by simple observation of the patient. In people,

the pertinent parameters are the rate, regularity, depth,

and effort of breathing.2 It has been suggested that cats

and dogs demonstrate typical types of breathing
depending on the localization of their respiratory prob-

lem.3,4 With respiratory disease, ventilation or oxygen-

ation or both may become impaired and the respiratory

muscles must work harder to compensate. The animal’s

respiratory pattern may therefore supply important

clues as to the anatomical localization and nature of the

respiratory tract disorder. Animals with pleural space

disease may present with a restrictive respiratory pat-
tern.5,6 This pattern has been described as fast and

shallow breathing.7,8 Others have described paradoxi-

cal chest wall movement9 or inward movement of the

abdomen during inspiration10 with pleural space dis-

ease. The term ‘paradoxical’ and ‘dysynchronous’

breathing have been used inconsistently for several ab-

normal respiratory patterns in the veterinary litera-

ture.7,11–14 Although respiratory types are commonly
evaluated in emergency patients, clinical respiratory

parameters at presentation as a diagnostic indicator for

localization of the respiratory problem, specifically

pleural space disease, have, to our knowledge, not

been investigated.

The purpose of this study was to describe clinical

parameters of respiration in dogs and cats with respi-

ratory abnormalities and to evaluate associations be-
tween clinical signs and the localization of respiratory

disease. Particular interest was devoted in assessing the

type of breathing and chest wall movements in animals

with pleural space disease and we hypothetized that

patients suffering from pleural space disease can be

identified by an asynchronous type of breathing.

Material and Methods

All dogs and cats presented to the Emergency Service

of the Small Animal Clinic of the Vetsuisse Faculty of

Bern, Switzerland between April 2008 and July 2009

with clinical signs of respiratory abnormalities at pre-

sentation were considered as potential candidates for

the study.

The following parameters were evaluated at presen-

tation and after initial stabilization but before diagnos-

tic procedures by the clinician in charge (resident,

intern, ACVECC specialist): RR, heart rate (HR), tem-

perature, type of breathing, type of dyspnea, movement

of the chest wall during inspiration, movement of the

abdominal wall during inspiration, bilateral ausculta-
tion results (normal, decreased, increased, moist), and

presence of stridor or stertor. Type of breathing was

characterized as normal, fast, and shallow (with closed

mouth), costoabdominal (increased abdominal breath-

ing effort), panting (fast and shallow open mouth

breathing in dogs), and open mouth breathing in cats.

The type of dyspnea was characterized as none, in-

spiratory (inspiration longer than expiration), expiratory
(expiration markedly prolonged), and mixed (signs of

dyspnea without a clear inspiratory or expiratory com-

ponent). Animals were allowed to be stabilized before

evaluation with oxygen supplementation, analgesic

therapy, and IV fluids if indicated. The preferred anal-

gesic agent used was methadonea 0.2 mg/kg, IV or IM,

but the choice of analgesic was at the discretion of the

clinician in charge. After evaluation of respiratory
parameters, animals were diagnostically evaluated

and treated at the discretion of the clinician in charge.

Clinican’s diagnostic and therapeutic plans were per-

formed and treatment was not withheld for the pur-

poses of the study.

Abdominal and chest wall movements during inspi-

ration were noted by the primary clinician and catego-

rized later by the lead author (N.S.) as synchronous
(outward movement of chest and abdomen during in-

spiration), asynchronous (outward movement of the

chest and inward movement of the abdomen during

inspiration), or inverse (inward movement of the chest

and outward movement of the abdomen during inspi-

ration). The final diagnose(s) and the survival to hos-

pital discharge (death during the hospitalization period

or euthanasia due to owners request) were retrospec-
tively extracted from patient records, looking specifi-

cally at radiology reports but also ultrasound, CT,

endoscopy, surgery, and histopathology reports de-

pending on availability. According to the final diag-

nose(s), the respiratory abnormalities were localized to

1 or more of the following localizations: upper airway

(including nose, larynx, pharynx, trachea, and main

bronchi), lower airways (bronchi and bronchioli), lung
parenchyma (vascular-interstitial-alveolar problems),

pleural space (including mediastinal masses and dia-

phragmatic problems), chest wall, and nonrespiratory

causes (eg, severe anemia [PCVo15%], severe hyper-

thermia [T440.01C], brainstem disease).

Exclusion criteria included excessive missing

data, lack of either thoracic radiographs, CT scan, or
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postmortem histopathology, and treatment of patients

with furosemide, corticosteroids, bronchodilators, sed-

atives (other than analgesic agents), or thoracocentesis

before the evaluation of respiratory parameters. Based

on the preliminary results, cats with painful diseases

(eg, fractures) not evaluated after analgesic treatment

were also excluded from the study.

Statistical analysis

For the continuous variables, median and range are re-

ported as many variables were not normally distrib-

uted. Frequency distributions of the categorical or

ordinal variables were derived. Possible associations

between respiratory parameters and localizations as

well as respiratory parameters before and after analge-
sic therapy (categorical variables) were evaluated using

w2-test. As many cell frequencies were below 5, asso-

ciations between a specific respiratory parameters and

the localization of the respiratory problem were eval-

uated using a 2-sided Fisher’s exact test. RR was cor-

related with specific locations (affected, not affected)

using the Wilcoxon signed-rank test for difference in

medians.
All analyses were performed using the statistical

software program.b Statistical significance was set at

Po0.05 for all analyses.

Results

One hundred and seventy-six patients (103 cats and 73

dogs) were included in the study. Median age of cats

was 49 months (range 4� 216 mo) and of dogs 92.5
months (range 2� 188 mo), respectively. Thirty-three

animals were intact females, 50 spayed females, 25

intact males, and 65 castrated males.

Ninety-one animals were evaluated before and after

stabilization with oxygen and analgesic treatment.

Strong agreement was demonstrated (Po0.001) be-

tween respiratory parameters (type of breathing, type

of dyspnea, chest wall movement, auscultation results,
and respiratory noises) prior and after stabilization ex-

cept for RR in cats. In cats, RR decreased significantly

from 60/min (20� 200/min) to 45/min (28� 180/min)

(Po0.001) while the RR in dogs was the same prior and

after analgesia. If pre- and poststabilization results were

available, the poststabilization parameters were used

for further statistical analysis.

Cats presented with a median RR of 48/min (range
20� 180/min), a median HR of 180/min (range

60� 280/min), and a median temperature of 38.0

(range 33.4� 40.4)1C while dogs presented with a me-

dian RR of 80/min (range 16� 180/min), a median HR

of 120/min (range 44� 200/min), and a median tem-

perature of 38.6 (range 35.5–41.7)1C. Median RR in dogs

was significantly higher than in cats (Po0.001). One
hundred and four animals received analgesic therapy.

Analgesia was provided with methadone (n 5 73), bu-

prenorphinec (n 5 10), butorphanold (n 5 8), and fen-

tanyle bolus followed by continuous rate infusion

(n 5 13).

Frequencies of evaluated respiratory parameters are

presented in Table 1. The most frequent presentation

findings were costoabdominal (66.1%), synchronous
(62.6%) breathing patterns with a mixed type of

dyspnea (47.9%). Lung sounds on auscultation were

normal (36.8%) or increased (33.7% on right side and

34.4% on left side) in most animals.

According to the final diagnose(s) the following lo-

calizations were identified (Table 2): upper airways

(n 5 15; 7 cats, 8 dogs), lower airways (n 5 10; 7 cats, 3

dogs), lung parenchyma (n 5 98; 49 cats, 49 dogs),

Table 1: Frequency distributions of respiratory parameters in

dogs (n5 73) and cats (n5 103) with respiratory distress

Cats Dogs All animals

Parameter n % n % n %

Type of respiration

Normal 4 3.9 1 1.4 5 2.9

Superficial 16 15.7 8 11.1 24 13.8

Costoabdominal 77 75.5 38 52.8 115 66.1

Panting 0 0 23 31.9 24 13.8

Open mouth 45 4.9 2 2.8 6 3.4

102 100 72 100 174 100

Type of dyspnea

None 33 33 18 26.1 51 30.2

Inspiratory 12 12 4 5.8 16 9.5

Expiratory 11 11 10 14.5 21 12.4

Mixed 44 44 37 53.6 81 47.9

100 100 69 100 169 100

Synchronicity of thoracic and abdominal wall movements

Synchronous 56 55.5 53 72.6 109 62.6

Asynchronous 35 34.6 18 24.7 53 30.5

Inverse 10 9.9 2 72.7 12 6.9

101 100 73 100 174 100

Auscultation results left side

Normal 35 37.2 25 36.2 60 36.8

Decreased 22 23.4 11 15.9 33 20.2

Increased 26 27.7 30 43.5 56 34.4

Moist 11 11.7 3 4.4 14 8.6

94 100 69 100 163 100

Auscultation results right side

Normal 36 38.3 24 34.8 60 36.8

Decreased 21 22.3 11 15.9 32 19.6

Increased 25 26.6 30 43.5 55 33.8

Moist 12 12.8 4 5.8 16 9.8

94 100 69 100 163 100

Stridor or stertor

None 88 88.9 61 83.6 149 86.6

Present 8 8.1 10 13.7 18 10.5

Only auscultatory 3 3 2 2.7 5 2.9

99 100 73 100 172 100
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pleura (n 5 69; 50 cats, 19 dogs), chest wall (n 5 11, 7

cats, 4 dogs), and extrarespiratory (n 5 29; 16 cats, 13

dogs). Fifteen animals (8 cats, 7 dogs) had no identifi-

able cause despite diagnostic testing and were localized

as ‘normal.’ These ‘normal’ animals showed no signs of

dyspnea (87.5%) or respiratory noises (100%), normal

auscultation results (71.4%), a synchronous breathing

pattern (100%) but various breathing types.
Of the animals with a pleural localization, 24 of 69

animals had only pleural space disease whereas 45

showed pleural space disease in combination with an-

other respiratory localization. Respiratory parameters

associated with pleural space localization are summa-

rized in Table 3. Asynchronous breathing (Po0.001) as

well as decreased lung sounds on auscultation

(Po0.001) were significantly associated with a pleural
space localization in dogs as well as cats. The combi-

nation of asynchronous breathing and decreased lung

sounds on auscultation was significantly associated

(Po0.001) with pleural space localization and was 99%

sensitive and 40% specific. Inclusion of inverse breath-

ing increased the specifity (SP) to 45%. Asynchronous

breathing was also significantly associated with chest

wall localization in cats (P 5 0.047). Fast and shallow
(superficial) breathing was not associated with pleural

space localization in either dogs or cats. Associations

between respiratory parameters and pleural space

localization and appropriate sensitivity (SE) and SP

results are summarized in Table 4.

Other significant associations were found between

inspiratory dyspnea and upper airway localization in

dogs (P 5 0.049, SE 28.6%, SP 96.8%), expiratory
dyspnea with lower airway localization in cats

(P 5 0.023, SE 40%, SP 89.3%), and panting with chest

wall localization in dogs (P 5 0.01, SE 100%, SP 69.1%).

A mixed type of dyspnea was significantly associated

with lung localization in dogs (P 5 0.036, SE 62.5%, SP

66.7%) but pleural space disease in cats (P 5 0.026,

SE 56.3%, SP 67.3%). The presence of inspiratory

noises was significantly associated with upper airway

localization in dogs (Po0.001, SE 75%, SP 93.8%) as

well as cats (Po0.001, SE 71.4%, SP 96.7%), and in-

creased or moist lung sounds on auscultation with lung

parenchyma localization in both dogs and cats

(P 5 0.001, SE 60.9%, SP 80%).

One hundred and eleven animals (66 cats, 45 dogs)

presented with a single localization (Table 2). When

looking only at animals with an isolated localization,
inspiratory dyspnea in dogs (P 5 0.012, SE 40%, SP

100%) and respiratory noises in dogs (Po0.001,

SE 5 87.5%, SP 5 95%) and cats (P 5 0.005, SE 100%,

SP 95%) remained significantly associated with upper

airway localization. Expiratory dyspnea remained sig-

nificantly associated with lower airway localization in

cats (P 5 0.003, SE 66.7%, SP 89.9%) and increased or

moist lung sounds on auscultation with pulmonary
parenchymal localization in dogs (P 5 0.002, SE 72.7%,

SP 76.2% [left side] and Po0.001, SE 77.3%, SP 76.2%

[right side]) as well as cats (Po0.001, SE 70.6%, SP

81.8%). The type of breathing (shallow, costoabdominal,

panting) and mixed dyspnea were no longer associated

with a specific localization when only animals with an

isolated localization were evaluated. Asynchronous

breathing in cats was also no longer associated with
chest wall localization.

One hundred and fourteen (64.8%) animals survived

to hospital discharge while 10 animals (5.7%) died dur-

ing hospitalization and 52 (29.6%) were euthanized. Of

the 103 cats, 71 (69%) survived to hospital discharge, 5

(5%) died and 27 (26%) were euthanized. Forty-three of

73 (59%) dogs survived to hospital discharge, 5 (7%)

died and 25 (34%) were euthanized. Survival was not
different in dogs versus cats (P 5 0.17).

Discussion

Respiratory distress can be caused by various diseases

of the respiratory tract as well as nonrespiratory

causes such as CNS disease, anemia, or heatstroke.15,16

Patients with respiratory distress generally present

Table 2: Localization of respiratory distress in dogs and cats with multiple or single localizations

Multiple localizations Single localization

Localization Cats (n) Dogs (n) All animals (n) Cats (n) Dogs (n) All animals (n)

Upper airways 7 8 15 2 6 8

Lower airways 7 3 10 6 0 6

Lung parenchyma 49 49 98 18 23 41

Pleural space 50 19 69 19 5 24

Chest wall 7 4 11 1 1 2

Nonrespiratory cause 16 13 29 12 3 15

Normal 8 7 15

Total 136 96 232 66 45 111
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with minimal respiratory reserves. Prompt recognition

of the underlying problem and appropriate therapeutic

interventions are essential in the successful manage-

ment of these patients. Radiography or CT scanning are

important diagnostic procedures providing a diagnosis

in many instances. Unfortunately, most diagnostic

procedures are associated with stress and may lead to

aggravation of respiratory distress, which could even-
tually lead to respiratory arrest.1 A thoracic focused

assessment with sonography for trauma (TFAST)

protocol has been evaluated in traumatized dogs17

and TFAST has become increasingly used in veterinary

medicine. However, the TFAST protocol described by

Lisciandro et al17 describes patient evaluation in

lateral recumbency, which may be too stressful for the

patient with severe respiratory distress. TFAST is also

technically demanding and requires training and

experience.17

Patients with severe compromising respiratory dis-

tress therefore should be stabilized before performing

diagnostic procedures. The presented study aimed to

identify clinical respiratory parameters on presentation

that may allow the clinician to better localize the

disease and begin more specific therapeutic interven-
tions as part of patient stabilization. Localization of the

respiratory problem to a specific part of the respiratory

tract allows for a reduction of potential differential

diagnoses.1,3,4,18 Clinical parameters such as chest

auscultation are predictive of radiographic chest trau-

ma signs19,20 and may therefore also be useful in local-

izing respiratory signs to a specific part of the

respiratory tract. Many textbooks and review articles

Table 3: Frequency distributions of respiratory parameters with pleural space localization in dogs (n5 19) and cats (n5 50)

Multiple localizations Single localization

Cats Dogs All animals Cats Dogs All animals

Parameter n % n % n % n % n % n %

Type of respiration

Normal 2 4.1 0 0 2 2.9 1 5.3 0 0 1 4.1

Superficial 5 10.2 2 10.5 7 10.3 3 15.8 1 20.0 4 16.7

Costoabdominal 41 83.7 13 68.4 54 79.4 15 78.9 4 80.0 19 79.2

Panting 0 0 4 21.1 4 5.9 0 0 0 0 0 0

Open mouth 1 2.0 0 0 1 1.5 0 0 0 0 0 0

49 100 19 100 68 100 19 100 5 100 24 100

Type of dyspnea

None 9 18.8 1 5.3 10 14.9 3 16.7 1 20.0 4 17.4

Inspiratory 7 14.6 1 5.3 8 11.9 6 33.3 0 0 6 26.1

Expiratory 5 10.4 4 21.0 9 13.4 1 5.6 1 20.0 2 8.7

Mixed 27 56.3 13 68.4 40 59.7 8 44.4 3 60.0 11 47.8

48 100 19 100 67 100 18 100 5 100 23 100

Synchronicity of thoracic and abdominal wall movements

Synchronous 16 32.7 6 31.6 22 32.4 4 22.2 0 0 4 17.4

Asynchronous 27 55.1 13 68.4 40 58.8 12 66.7 5 100 17 73.9

Inverse 6 12.2 0 0 6 8.8 2 11.1 0 0 2 8.7

49 100 19 100 68 100 18 100 5 100 23 100

Auscultation results left side

Normal 10 20.8 2 11.1 12 18.2 5 26.3 0 0 5 20.8

Decreased 21 43.8 10 55.6 31 47 13 68.4 5 100 18 75.0

Increased 12 25.0 6 33.3 18 27.3 1 5.3 0 0 1 4.2

Moist 5 10.4 0 0 5 7.6 0 0 0 0 0 0

48 100 18 100 66 100 19 100 5 100 24 100

Auscultation results right side

Normal 11 22.9 2 11.1 13 19.7 7 36.8 0 0 7 29.2

Decreased 20 41.7 10 55.6 30 45.5 11 57.9 5 100 16 66.6

Increased 12 25.0 6 33.3 18 27.3 1 5.3 0 0 1 4.2

Moist 5 10.4 0 0 5 7.6 0 0 0 0 0 0

48 100 18 100 66 100 19 100 5 100 24 100

Stridor or stertor

None 46 93.9 16 84.2 62 91.2 18 94.7 5 100 23 95.8

Present 3 6.1 2 10.5 5 7.4 1 5.3 0 0 1 4.2

Only auscultatory 0 0 1 5.3 1 1.5 0 0 0 0 0 0

49 100 19 100 68 100 19 100 5 100 24 100
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describe presence of respiratory distress or dyspnea

and auscultation findings in a specific disease but do

not describe the respiratory type related to the anatom-

ical localization.21–25

Only few and inconsistent associations between spe-

cific breathing types and localizations or diseases are

described in the literature and many of them are only
based on clinical impressions.1,12,26 Our study confirms

some of these associations but also shows significant

differences to some commonly used, clinically relevant

associations.

A particular focus of the present study was to inves-

tigate the clinical signs of respiratory distress in dogs

and cats with pleural space disease. Rate and depth of

respiration are mediated by central and peripheral
chemoreceptors.27 Any changes in PO2, PCO2, or in-

sufficient thoracic movement may manifest in abnor-

mal breathing types or dyspnea. Normal chest

excursions are a balance between lung compliance

and airway resistance.28 Pleural space disease is de-

fined as an accumulation of air, fluid, and soft tissue, or

any of them within the pleural cavity.6 The reduced

functional residual capacity seen with pleural space
disease forces the lung to operate on a less compliant

portion of the compliance curve. It has been concluded

that the patient compensates for the increase in respi-

ratory work with a restrictive breathing pattern seen as

rapid and shallow breathing.6,28 Short and shallow res-

pirations have therefore been proposed to indicate

pleural space disease in most textbooks.3,4,8,29 An in-

creased abdominal component with shallow breathing
has been suggested as well.29 Others have described

inspiratory dyspnea as a sign of pleural space disease.22

In our study, shallow and superficial respiration was

not associated with pleural space disease, neither in

dogs nor cats, and independent of pleural space disease

being an isolated or combined localization. Fast and

shallow breathing was significantly more frequent in

cats with no respiratory abnormalities compared with
cats with respiratory disease. Therefore, fast and shal-

low breathing may be more a sign of stress than a sign

of disease. Pleural space disease was significantly as-

sociated with a costoabdominal breathing pattern and

asynchronous breathing in both dogs and cats and SE

and SP increased when pleural space disease was the

single localization. This breathing pattern has been im-

plicated previously but has not been investigated in a
clinical setting.9,10 In the dog, the parasternal intercostal

muscles were identified as the main inspiratory mus-

cles.30 By observing chest wall mechanics in dogs with

bilateral phrenectomy leading to diaphragmatic paral-

ysis, the rib cage expands during inspiration while the

abdomen moves inward.30 This is explained by the an-

atomical localization of the intercostal muscles and the

rib cage conformation in dogs. The inspiratory expan-

sion of the rib cage in affected dogs is more substantial

than in normal dogs and compensates for the inward

motion of the abdomen.30 Transthoracic pressures gen-

erated by the inspiratory musculature must be suffi-

cient to overcome both airway resistance and

inward elastic recoil of the lungs and thoracic wall.31

The asynchronous breathing in dogs with diaphrag-

matic paralysis has been explained by the lack of a

transdiaphragmatic pressure gradient and may also

explain the breathing mechanics in animals with an in-

crease in intrapleural pressure seen with pleural space

disease.

In the present study, an asynchronous breathing

pattern was differentiated from an inverse breathing
pattern. The term inverse breathing may be inter-

changeable with the term paradoxical breathing. We

preferred the term inverse breathing for the description

of inward movement of the thoracic wall during inspi-

ration as paradoxical breathing has been used incon-

sistently by several authors. Paradoxical breathing has

been used to describe abnormal chest wall movement

seen with a flail chest,13 pleural space disease,14,32 and
severe upper airway obstruction.29

Only 12 animals showed inverse breathing and in-

verse breathing was not associated with a specific lo-

calization. Six animals with inverse breathing were

diagnosed with pleural space disease. SE to identify

pleural space disease was increased when inverse

breathing was combined with asynchronous breathing,

but SP decreased as parenchymal lung disease was as
frequent a localization as pleural space disease. The

influence of parenchymal lung disease is also reflected

by increased lung sounds on auscultation in 70% of

animals with inverse breathing. Inverse breathing

should therefore alert the clinician to identify or rule

out pleural space disease by evaluating other clinical

signs. Auscultation results may be helpful in differen-

tiating between pleural space disease and other causes
of an asynchronous or inverse breathing pattern.

Pneumothorax causes a reduction in computerized

sound amplitude in an experimental canine study.33

Auscultation results were significantly associated with

pneumothorax in a study looking at trauma patients.19

Our study identified a significant association and high

SE of pleural space localization with decreased lung

sounds on auscultation, this is in accordance with other
studies.33,34 Muffled heart sounds have also been de-

scribed as a clinical sign of pleural space disease.22,35

However, 1 study describes increased respiratory

sounds in dogs with pleural effusion.35 None of the

animals with isolated pleural space disease in our study

were reported to have increased lung sounds on

auscultation.
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Asynchronous breathing was not only significantly

associated with pleural space disease but also with

chest wall localizations in cats. This may be due to the

fact that 8 of 10 chest wall injuries occurred in con-

junction with other respiratory tract problems and all

included pleural space disease. Only 2 animals with

isolated chest wall problems were identified and sta-
tistical analysis was not performed. An abnormal (asyn-

chronous) breathing pattern with inward movement of

the abdominal wall during inspiration has also been

described in chest wall disease with accompanying

muscle paralysis.36

The present study allowed assessment of respiratory

parameters with other localizations. The findings of this

study support the theory that upper airway problems
are associated with upper airway noises3,29,37,38 and in-

spiratory respiratory distress.14,39–41 An exaggerated

inspiratory effort seen as inspiratory dyspnea will in-

crease tidal volume and therefore increases the volume

of air delivered to the alveoli.14 Interestingly, inspira-

tory dyspnea was only associated with upper airway

disease in dogs but not in cats. Holt41 has described

open mouth breathing in cats with upper airway dis-
ease. Stress or anxiety may lead to an increase in RR

with less time for a prolonged inspiration. The feline

group with upper airway disease was also rather small

(7 cats) and upper airway localization as an isolated

localization was only seen in 2 cats, so further studies

are needed to define the type of dyspnea in cats with

upper airway disease. Upper airway diseases such as

tracheal collapse may present with coughing rather
than signs of respiratory distress.38,42 Our study did not

investigate the influence of the presence of cough but

presence and type of coughing may also be of interest

and help localize the problem to the trachea.

This study also found an association between expi-

ratory dyspnea and lower airway localization in cats as

has been reported previously.7,14,39,43 An obstructive

respiratory pattern has been described in lower airway
disease.5,29 Obstructive diseases causing increased air-

way resistance may be associated with a slow and deep

pattern of breathing.28 An obstructive respiratory pat-

tern can be either inspiratory or expiratory, so identi-

fication of the affected respiratory phase may be

beneficial. Again, the identification of coughing may

be helpful in identifying cats with lower airway dis-

ease.44 Our study identified only 3 dogs with lower
airway localization which did not show an association

with any clinical sign.

The anatomic localization of lung parenchyma in-

cludes many different disease processes such as bleed-

ing, inflammation, infection, and neoplasia.24–26,45

Thoracic radiographs often show an infiltrative pattern

localizing the problem to the pulmonary parenchyma,

but often do not provide a specific diagnosis.46,47

Auscultation findings in trauma patients were signifi-

cantly associated with radiographic signs of lung con-

tusions.19 Pulmonary parenchyma localization has been

described with clinical signs of open mouth or para-

doxical respiration,7 increased RR,48,49 rapid shallow

breathing,49 mixed dyspnea,29,39 or unspecified respi-
ratory distress.26,50,51 In our study, dogs with pulmo-

nary parenchymal disease in combination with another

localization showed a mixed type of dyspnea; this was

no longer significant when dogs with isolated paren-

chymal diseases were evaluated. There was no associ-

ation with a paradoxical respiration or open mouth

breathing. In our study, dogs and cats with a pulmo-

nary localization showed increased or moist lungs
sounds on auscultation. This is in accordance with ret-

rospective studies investigating clinical signs in ani-

mals with pneumonia,48,52,53 lung contusions,54

pulmonary neoplasia,26 and cardiogenic pulmonary

edema.55 Other clinical signs such as identification of

a heart murmur or cardiac arrhythmia and hypo-

thermia may support the diagnosis.51,56

Chest wall injuries are thought to be painful, leading
to a fast and shallow breathing pattern57 caused by a

lack of diaphragmatic and abdominal movement, as

well as a lack of intercostal muscle assistance.7 In dogs,

the external intercostal and the internal intercartilagi-

nous intercostal muscles elevate the ribs during inspi-

ration.30 In our study, dogs were found to be panting

with chest wall disease, which may be a sign of pain or

stress, and represents a shallow breathing pattern.
Panting in concordance with normal auscultation re-

sults has been associated with normal pulmonary ra-

diographs and stress.19 Other clinical signs, such as

abnormal movement of chest segments as seen with

flail chest or intercostal muscle disrupture will help lo-

calize the problem to the chest wall.57,58 A flail chest is

defined as a segment of ribs that moves independently,

typically collapsing inwards during inspiration.14,59

None of the animals in our study that had rib fractures

visualized on radiographs presented with an open

chest wound or other visible signs of chest wall injuries.

Many animals presented with more than 1 respira-

tory localization. When investigating only animals with

an isolated localization, no new significant associations

between localization and breathing parameters could

be identified. Breathing types such as panting or mixed
dyspnea were no longer associated with a specific lo-

calization. Both findings may be caused by the small

group size. However, many identified breathing pa-

rameters remained significant despite small numbers

per group, including breathing parameters seen with

pleural space disease. As the clinician dealing with an

emergency patient does not know if the respiratory
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distress is caused by an isolated disease or a combina-

tion of localizations, parameters seen only with an iso-

lated localization would need to be interpreted with

caution.

The localization of respiratory distress allows the

emergency clinician to be more specific with the treat-

ment of a patient without increasing stress by perform-
ing diagnostic procedures. If oxygen and rest is not

sufficient to stabilize a patient with severe respiratory

distress, administration of specific drugs such as fu-

rosemide or corticosteroids and emergency procedures

such as thoracocentesis or tracheostomy may be life

saving. Drugs used for stabilization of patients with

respiratory distress have side effects and procedures

may be associated with further stress, so clear indica-
tions are needed. In the case of pleural space disease,

thoracocentesis is not only a therapeutic procedure but

may also be diagnostic.60 Therapeutic thoracocentesis

can remove significant volumes of fluid or air and re-

sults in rapid improvement of respiration and a more

stable patient for further diagnostic procedures. The

results of this study help to identify the patients that

could benefit from thoracocentesis. Iatrogenic pneumo-
thorax resulting from thoracocentesis without con-

firmed pneumothorax or pleural effusion may be a

potential complication.61 The incidence of complica-

tions of thoracentesis in animals has not been reported.

The impact of diagnostic and therapeutic thoracocente-

sis in animals with clinical signs of pleural space dis-

ease on survival remains unknown as well.

In 16 animals, no respiratory or extrarespiratory
problem could be identified despite animals showing

respiratory abnormalities at presentation. A recent

study evaluating the etiology of 90 cats presenting

with dyspnea included only 1 cat presenting with

dyspnea without underlying disease.24 Respiratory dis-

tress as an inclusion criteria was not strictly defined in

our study and any patient with respiratory abnormal-

ities could have been included in the study. Most of
these ‘normal’ animals had either fast and shallow or

costoabdominal breathing. Stress may have caused the

respiratory signs. Sympathetic stimulation increases the

RR and may also influence the type of breathing.62

Stress, shock, pain, or other causes of sympathetic stim-

ulation could have caused the respiratory abnormalities

in our ‘normal’ cats. Pain has been shown to influence

RR in trauma patients19 as seen with cats in this study.
However, all other respiratory parameters showed a

strong agreement prior and after analgesic therapy. Be-

cause of ethical reasons, a control group receiving the

same treatment with rest and oxygen supplementation

but without analgesia was not evaluated. Therefore, the

actual influence of analgesia in comparison with other

supportive treatment modalities cannot be determined.

Overall, RR has not been shown to be a relevant dis-

criminator of different causes of dyspnea24 and has not

been evaluated in this study.

A limitation of the study included patient evaluation

being performed by various clinicians, including in-

terns, residents of various specialties, and an ACVECC

specialist. This may have influenced the results of pres-
ence and type of dyspnea and may be reflected in the

large group of animals presenting with a mixed type of

dyspnea that was not associated with any localization.

However, the questionnaire was designed as objective

as possible with description of chest and abdominal

wall movement rather than interpretation of dyssyn-

chronous or inverse breathing.

Another limitation is that not all patients received the
same initial stabilization protocol. Oxygen therapy or

analgesia or both and rest did not influence respiratory

parameters (except RR in cats) so the conclusions from

the study are useful at presentation as well as during

the stabilization phase and may also apply to patients

that show changes in respiration during their ICU stay.

Furthermore, sample size may have been insufficient to

identify specific breathing patterns in the groups of
upper and lower airway and chest wall disease and

additional clinical studies are indicated.

In conclusion, this study confirmed that dogs and

cats with upper airway disease often present with in-

spiratory noises and dogs with upper airway disease

present with inspiratory dyspnea while cats with lower

airway disease show expiratory dyspnea. The frequent

description of fast and shallow breathing in patients
with pleural space disease was not seen in this study

population. Animals with pleural space disease

showed predominantly an asychronous breathing type.

SE and SP for animals with pleural space disease

showing an asynchronous or inverse breathing type in

combination with decreased lung sounds on ausculta-

tion was 99% and 40%, respectively. These clinical signs

should alert the clinician to consider pleural space dis-
ease and perform thoracocentesis. Increased or moist

lung sounds heard on auscultation are significantly as-

sociated with pulmonary parenchymal disease. Various

breathing types, especially fast and shallow breathing

in cats, can be seen in animals without respiratory

problems. However, these ‘normal’ animals can easily

be identified as most of them present without dyspnea

and show normal auscultation findings.
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Footnotes
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s
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