W) Check for updates

Received: 12 December 2023 Accepted: 10 July 2024
DOI: 10.1111/jvim.17147

Journal of Veterinary Internal Medicine AC\?"/I M
STANDARD ARTICLE CEEED o Cologent

American College of
Veterinary Internal Medicine

Influence of acclimatization time on barometric whole-body
plethysmography in cats with lower airway disease

Lina Horner-Schmid*® | Hannah Gareis © | Jelena Pali¢? | Bianka Schulz?

1Clinic of Small Animal Medicine, LMU
University of Munich, Munich, Germany Abstract

*Vet Med Labor GmbH Division of IDEXX Background: Barometric whole-body plethysmography (BWBP) is used as a noninva-
Laboratories, Kornwestheim, Germany . . . . . .
sive method to assess lung function in cats with lower airway disease (LAD). The

Correspondence duration of the acclimatization period in the measuring chamber varies between the

Bianka Schulz, Medizinische Kleintierklinik der
LMU Muenchen, Veterinaerstrasse 13, 80539

Muenchen, Germany. Objectives: To assess the influence of acclimatization time on variables indicative of
Email: bianka.schulz@lmu.de

studies.

lung function.

Animals: Twenty-four client-owned cats with LAD and 8 healthy cats.

Methods: In the prospective case-control study for each cat, a 30-minute dataset
was collected. Data for the three 10-minute periods were statistically compared.
Results: The variables pause (T1 median: 0.8, range: [0.7-1]; T3: 0.9 [0.8-1.1];
P < .01), peak inspiratory flow (PIF; T1: 84.9 [71.6-112.7]; T3: 75 [63.6-108.3];
P <.001), peak expiratory flow (PEF; T1: 53.2 [41.5-76.6]; T3: 42.5 [34.6-57.8];
P <.01), and a quotient of PEF and expiratory flow at 50% expired volume
(PEF/EF50; T1: 1.2 [1.1-1.4]; T3: 1.2 [1.1-1.5]; P < .01) varied significantly between
first and third time period in cats with LAD. In healthy cats PIF (T1: 76.4 [66.3-85.2];
T2: 69.5 [58.3-85.2]; P < .01), PEF (T1: 40 [32.8-58.6]; T2: 34.3, [29.8-44.6]; P < .01),
and PEF/EF50 (T1: 13.1 [11.6-14.6]; T3: 13.6 [12.4-16.3]; P < .01) changed signifi-
cantly between first and second time period. Enhanced pause did not change signifi-
cantly in either group.

Conclusions and Clinical Importance: Acclimatization time has a significant influence
on multiple variables in BWBP. Manual correction of the data for tidal breathing

flow-volume loop might be necessary.

KEYWORDS
bronchial disease, bronchitis, feline asthma, lung function testing
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pTBFVLP, pseudo-tidal breathing flow-volume loop; Rpef, rate of achieving peak expiratory flow; T1, time period O to 10; T2, time period 10 to 20; T3, time period 20 to 30; Te, expiratory time;
Ti, inspiratory time; Tr, relaxations time; TV, tidal volume; TV/BW, tidal volume per body weight.
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1 | INTRODUCTION

Initially developed for lung function measurement in infants,®
barometric whole-body plethysmography (BWBP) is a diagnostic
tool in cats used in the last 2 decades.?”” In human medicine, lung
function commonly is measured by spirometry combined with
plethysmography. For this purpose, the patient is asked to perform
various breathing maneuvers that necessitate maximum exhalation
and inspiration. Because this active cooperation is not possible in
cats, the BWBP measuring system is appealing for cats. BWBP
allows noninvasive examination of lung function. It can provide
information about the degree of airway obstruction and has been
used as a measuring tool to assess therapeutic outcome in
cats. 2411

For BWBP, cats sit in a plexiglass box, in which a defined
volume of air is injected. Inspiration and expiration of the cat
cause pressure changes in the chamber because of 2 mechanisms:
heating and moistening of the air, and compression/expansion of
the thorax. These pressure changes are measured by sensitive
pressure transducers and are analyzed by the computer pro-
gram.'?"® The measurements obtained by BWBP are called
“pseudo-flows.” The pseudo-flows allow conclusions about
defined variables on a time basis (eg, respiratory rate and expira-
tory time) and estimates of variables such as minute volume
(MV), tidal volume, and others. However, the pseudo-flows do
not measure lung mechanics or exact lung volume. In addition,
BWABP is influenced by many factors including system calibration,
temperature, and humidity. In cats, relevant factors are circadian
rhythm, movement during measurement, age, sex, and body
condition score.*?"22

When performing BWBP in mice, it is recommended to accustom
the animals to the BWBP chamber several times before the actual
experiment.*® In a clinical setting, however, most cats undergo BWBP
for the first time. Consequently, they might commonly be moving,
vocalizing, and sniffing. The changes in pressure caused by these
behaviors can be filtered and removed with the help of computer
programmes.>#2325 Nevertheless, the movement of cats can cause
artifacts despite filtering programmes.?2

The use of BWBP is becoming increasingly common in the clinical
management of lower airway disease (LAD). In studies in cats,
the duration of the premeasurement phase using BWBP
varied.®?1232527 some authors did not perform a standardized
acclimatization phase, but cleaned the data manually from artefac-
tual waveforms.®>222> Because client-owned cats cannot be condi-
tioned to the measurement as laboratory animals, they are
expected to show signs of stress during examination with BWBP.
The present study aims to investigate whether the duration of the
phase before the actual measurement (“acclimatization phase”)
significantly influences certain variables. The study addresses,
whether BWBP measurement can be used for diagnostic investiga-
tion in clinical cases without manual correction of data and
whether acclimatization times need to be standardized to compare

measuring data of individual cats.
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2 | MATERIALS AND METHODS

The prospective case-control study was approved by the Ethics
Committee of the Centre for Clinical Veterinary Medicine of LMU
University of Munich (139-20-07-2018).

21 | Study cohort
Twenty-four cats with LAD and 8 clinically healthy cats were included
in the study. Data from 15 of these cats with LAD had been used in a
previous study.” All cats were client-own patients presented to the
LMU Small Animal Clinic, University of Munich, from April 2019 to
July 2020. Inclusion criteria for cats with LAD were compatible clinical
signs (including cough, abnormal respiratory sounds, or episodes of
respiratory distress), typical radiographic signs (unremarkable,
bronchial or broncho-interstitial pattern), and a negative fecal exam
(Bearmann technique) in cats with outdoor access. Bronchoalveolar
lavage (BAL) was performed in all cats using a blind approach as
described before.?® Aerobic bacterial culture, mycoplasma PCR, and
cytological evaluation were performed on all BAL-fluid (BALF) sam-
ples. Only cats with negative culture and mycoplasma PCR were
included. BALF cytology was performed according to a standardized
protocol and 200 cells were evaluated microscopically for a cytologi-
cal diagnosis. According to a previously published classification
scheme for BALF cytology,?’ 13/24 (54%) cats were diagnosed with
eosinophilic (eosinophils >20% with neutrophils <14% or eosinophils
>50%), 4/24 (17%) cats with mixed (eosinophils 20%-50% and neutro-
phils >14%), and 7/24 (29%) cats with neutrophilic (neutrophils >14%
and eosinophils <20%) inflammation.2’ Cats were excluded if they
suffered from comorbidities that could have affected lung function
testing (eg, upper airway disease), if they had received any type of
pretreatment, or if they had severe respiratory distress preventing
measurement in the chamber. All cats underwent BWBP for the
first time.

Cats of the control group were considered clinically healthy, if
they had no history of respiratory signs and if abnormalities were not

detected on clinical examination.

2.2 | Barometric whole-body plethysmography

BWBP was carried out before anesthesia and BAL. Measurements
were performed according to previously published protocols®7:21:2325
in a separate quiet room. The nonsedated and freely moving cats were
placed in a transport box within a transparent acrylic plexiglass
chamber (Figure 1). Before each 30-minute-measurement-period, a
system calibration was performed by injecting 50 mL of air into the
chamber according to the manufacturer's instructions.

For the BWBP measurements, air inflow and outflow were
carried out via 4 sieve pneumotachographs (pneumotach screens). Air
resistance was generated by the pneumotaches screens and lead to

pressure changes. Pressure changes were measured with a differential
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pressure transducer (Halcyon pneumotach, Data Science International
[DSI], New Brighton, Minnesota, USA). Atmospheric noise (eg, door
closing) was suppressed by the pneumotach. The flow rate
(“box flow”) was derived from the pressure changes. A continuous air
flow was achieved using the Bias Flow (Buxco Multifunction Bias
Flow, DSI). Cats with a body weight <4.5 kg received 7.5 L/min and
cats >4.5 kg received 10 L/min air volume during the examination.

The transduced chamber signal was amplified and digitized by the
preamplifier (Buxco QT Digital Preamplifier, DSI), transferred to
the computer and analyzed (Buxco FinePoint Small Animal Whole
Body Plethysmograph, DSI). Direct and calculated variables are dis-
played in Table 1.

The data were directly exported into Microsoft Excel
(Version 16.0.14026.20270—2021, Microsoft Corporation, Redmond,

Washington, USA). Artefactual waveforms caused by sniffing,
vocalization, and body movements were automatically excluded by
the computer program. Exclusion criteria were TV less than 10 mL, Ti
less than 150 ms, Ti more than 10 000 ms, or a difference by more
than 20% for inspiratory and expiratory volumes. A 30-minute dataset
was collected from all cats. Data of measurements was divided into

3 time periods of 10 minutes each and compared.

2.3 | Statistical analysis

Statistical analysis was performed using GraphPad Prism (version
5.04, GraphPad Software Inc.; San Diego, California, USA). Data were
compared in groups between time period O to 10 (T1), time period
10 to 20 (T2), and time period 20 to 30 (T3). Data were tested for
normal distribution using Shapiro-Wilk normality test. There were no
normally distributed variables. The nonnormally distributed data were
presented as median with interquartile range and variables were com-
pared among all 3 time periods using Friedman test. All P-values were
corrected by Dunn's multiple comparison test. To compare the devel-
opment of the variables between cats with LAD and healthy cats, a
2-way analysis of variance (ANOVA) with repeated measures was
used. The variables for this test were presented as mean + SD. The
significance level was set at P <.05. Using Bonferroni correction,
the significance level was set at P < .02, as there were 3 tests
(0.05/3 = 0.02).

3 | RESULTS

Twenty-four cats with LAD were included in the study. Breeds

FIGURE 1  Barometric whole-body plethysmography for cats included European Shorthair (10), Siamese (3), Abyssinian (2),
TABLE 1 Overview of the variables measured by whole-body plethysmography

Variables Calculation Unit Definition

f - cycles/min Respiratory rate

TV = mL Tidal volume

MV TV x f mL/min Minute volume

Penh (Te/RT — 1) x PEF/PIF - Enhanced pause: indicator of

bronchoconstriction
PAU Te/RT — 1 = Pause
Rpef (time from start of - Rate of achieving peak expiratory flow
expiration to PEF)/Te

PIF - mL/s Peak inspiratory flow

PEF = mL/s Peak expiratory flow

EF50 - mL/s Expiratory flow at 50% expired volume

PEF/EF50 PEF/EF50 = Quotient of PEF and EF50

Ti - second Inspiratory time

Te - second Expiratory time

EEP - ms End-expiratory pause

Tr = second Relaxations time
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Norwegian mix (1), Bengal (1), Maine Coon (2), Ragdoll (1), Siberian
Forest (1), British Shorthair (2), and Savannah cat (1). The group con-
sisted of 9 male-castrated and 15 female-neutered cats. The median
duration of clinical signs before presentation was 2.3 + 2.3 years
(range, 1 day-8 years). 14/24 (58%) showed only cough, 4/24 (17%)
cats had only episodic tachypnoea or respiratory distress, and 6/24
(25%) cats showed both cough and episodes of tachypnoea/
respiratory distress. All cats with LAD were not receiving any treat-
ment at the time of measurement. The 8 healthy cats included
European Shorthair (3), Siberian Forest (2), and Holy Burma (3). There
were 5 females and 3 males. The age of the cats with LAD (mean 6.4
+ 0.9 years) and of the control group (8 *+ 1.6 years) did not differ sig-
nificantly (P = 0.37). The body weight was also not significantly differ-
ent between groups (LAD 4.6+0.3kg; control group 4.1
+ 0.3 kg; P=0.3).

The results of the BWBP-variables of cats with LAD for the 3 dif-
ferent time periods are summarized in Table 2.

The variables MV (P < .001), pause (PAU) (P < .01), rate of achiev-
ing peak expiratory flow (Rpef) (P <.01), peak inspiratory flow (PIF)
(P < .001), peak expiratory flow (PEF) (P < .01), expiratory flow at 50%
expired volume (EF50) (P <.0001), and PEF/EF50 (P < .01) changed
significantly during the study period. Most variables showed signifi-
cant alterations between T1 and T3, but not between T1 and T2 and
T2 and T3. Only MV (P <.001) additionally showed significant
changes between T1 and T2.

The results of healthy cats for the 3 different time periods are
summarized in Table 3. In the healthy cats, significant changes could
be observed during the study period of the variables MV (P < .01),

Vot Gt

Rpef (P<.01), PIF (P<.01), PEF (P<.01), EF50 (P<.01), and
PEF/EF50 (P < .01). In contrast to cats with LAD, most variables chan-
ged significantly between T1 and T2 in healthy cats.

When comparing healthy and diseased cats, a significant differ-
ence in the acclimatization phase was only found for the variables
PEF/EF50 (Figure 2J). Otherwise, the acclimatization phase was not
influenced by the fact whether a healthy cat or a cat with LAD was
examined (Figure 2A-1,K-N).

4 | DISCUSSION

The aim of this prospective case-control study was to evaluate the
influence of the acclimatization period on BWBP variables in cats with
LAD. It determined which BWBP variables can be assessed in clinical
practice without adjusting the data. In earlier studies investigating cats
with or without LAD the duration of the acclimatization time used
before measurements varied greatly from 1 to 10 minutes or was not
recorded.?*?32% |n the present study, many variables of BWBP mea-
surement were subject to significant changes depending on the length
of the acclimatization time.

The variable enhanced pause: indicator of bronchoconstriction
(Penh) has been evaluated in several studies investigating cats with LAD
as a marker for bronchoconstriction.24®1° It is possible to differentiate
between different inflammatory types associated with LAD using the log-
Penh.2 Under treatment with systemic and inhaled corticosteroids, Penh
decreased significantly in cats with LAD.? Penh tends to be a stable vari-

able not influenced by age, sex, or weight in cats.'??!

TABLE 2 Comparison of BWBP-variables of 3 time periods for cats with LAD presented as median with interquartile range and P-values

Variables Unit T1 T2

f cycles/min  58.3 (32.0-80.9) 53.3(28.7-80.0)
v mL 25.1(18.3-41.7) 23.9 (15.7-37.2)
MV mL/min 1311 (1069-1830) 1122 (972.4-1664)
Penh = 0.6 (0.4-0.8) 0.6 (0.5-0.8)
PAU - 0.8 (0.7-1) 0.8 (0.7-1.1)
Rpef - 0.3(0.2-0.4) 0.3(0.1-0.4)

PIF mL/s 84.9 (71.6-112.7) 75 (63.6-108.3)
PEF mL/s 53.2 (41.5-76.6) 45 (36.5-68.7)
EF50 mL/s 3.8(3.1-6.2) 3.6 (2.4-5.2)
PEF/EF50 = 1.2 (1.1-1.4) 1.2 (1.1-1.5)

Ti second 0.4 (0.3-0.8) 0.5 (0.3-0.8)

Te second 0.6 (0.4-1.1) 0.7 (0.4-1.3)
EEP ms 0 (0-0) 0 (0-0)

Tr second 0.3 (0.2-0.6) 0.4 (0.2-0.6)

Note: Bold values indicate P < .02.

T3 PT1-T2-T3 PT1-T2 PT1-T3 PT2-T3
45.67 (28.7-77.9) .02 <.05 >.05 >.05
25.1 (15.7-38.1) 31 >.05 >.05 >.05
974.6 (934.6-1459) <.001 <.01 <.001 >.05
0.6 (0.5-0.8) .05 >.05 <.05 >.05
0.9 (0.8-1.1) <.01 >.05 <.01 >.05
0.2 (0.1-0.3) <.01 >.05 <.01 >.05
70.2 (59.8-100.8) <.001 >.05 <.001 >.05
42.5 (34.6-57.8) <.01 >.05 <.01 >.05
2.9 (2.2-4.2) <.0001 <.05 <.001 >.05
1.2 (1.1-1.5) <.01 >.05 <.01 >.05
0.5(0.3-0.8) .03 >.05 <.05 >.05
0.8 (0.5-1.3) .02 >.05 <.05 >.05
0(0-1.6) 77 >.05 >.05 >.05
0.4 (0.3-0.6) .07 >.05 >.05 >.05

Abbreviations: Cl, confidence interval; f, respiratory rate (frequency, cycles/min); TV, tidal volume (mL); MV, minute volume (mL/min); Penh, enhanced
pause; PAU, pause; Rpef, rate of achieving peak expiratory flow; PIF, peak inspiratory flow (mL/s); PEF, peak expiratory flow (mL/s); EF50, expiratory flow
at 50% expired volume (mL/s); PEF/EF50, quotient of peak expiratory flow to expiratory flow at 50% expired volume; Ti, inspiratory time (second); Te,
expiratory time (second); EEP, end-expiratory pause (milliseconds); Tr, relaxation time (milliseconds, that is, the time point of 65% expired tidal volume); T1,

time period O to 10; T2, time period 10 to 20; T3, time period 20 to 30.
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TABLE 3 Comparison of BWBP-variables of 3 time periods for healthy cats presented as median with interquartile range and P-values

Variable Unit T1 T2

f cycles/min 44.4 (27.4-73.3) 41.9 (26.6-59.4)
TV mL 25.6 (19.4-33.1) 23.6 (19.7-30.1)
MV mL/min 1089 (871.1-1421)  984.3 (745.6-1197)
Penh - 0.5 (0.4-0.6) 0.5 (0.4-0.5)
PAU = 0.7 (0.7-0.9) 0.8 (0.7-0.9)
Rpef - 0.4 (0.3-0.5) 0.3 (0.2-0.4)

PIF mL/s 76.4(66.3-85.2) 69.5(58.3-85.2)
PEF mL/s 40 (32.8-58.6) 34.3(29.8-44.6)
EF50 mL/s 2.9(2.2-5.1) 2.4 (1.9-3.5)
PEF/EF50 - 13.1(11.6-14.6) 13.7 (12.4-15.1)
Ti second 0.5 (0.4-0.7) 0.5 (0.4-0.7)

Te second 0.9 (0.5-1.4) 0.9 (0.7-1.5)
EEP ms 0(0-0) 0(0-1.3)

Tr second 0.5 (0.3-0.7) 0.5 (0.4-0.8)

Note: Bold values indicate P < .02.

T3 PT1-T2-T3 PT1-T2 PT1-T3 PT2-T3
45.7 (33-63.7) .08 >.05 >.05 >.05
22(18.3-29.3) 29 >.05 >.05 >.05
1009 (776.4-1258)  <.01 <.01 >.05 >.05
0.5 (0.4-0.6) .05 >.05 >.05 >.05
0.8 (0.7-0.9) .04 >.05 >.05 >.05
0.3 (0.2-0.4) <.01 <.05 <.05 >.05
71.4 (60.6-81.5) <.01 <.01 >.05 >.05
35(29.3-47.1) <.01 <.01 >.05 >.05
2.5(1.8-3.6) <.01 <.01 >.05 >.05
13.6 (12.4-16.3) <.01 <.01 <.01 >.05
0.5 (0.4-0.6) 1 >.05 >.05 >.05
0.9 (0.6-1.3) .07 >.05 >.05 >.05
0(0-2.3) 4 >.05 >.05 >.05
0.5 (0.3-0.6) .3 >.05 >.05 >.05

Abbreviations: Cl, confidence interval; f, respiratory rate (frequency, cycles/min); TV, tidal volume (mL); MV, minute volume (mL/min); Penh, enhanced
pause; PAU, pause; Rpef, rate of achieving peak expiratory flow; PIF, peak inspiratory flow (mL/s); PEF, peak expiratory flow (mL/s); EF50, expiratory flow
at 50% expired volume (mL/s); PEF/EF50, quotient of peak expiratory flow to expiratory flow at 50% expired volume; Ti, inspiratory time (second); Te,
expiratory time (second); EEP, end-expiratory pause (milliseconds); Tr, relaxation time (milliseconds, that is, the time point of 65% expired tidal volume); T1,

time period O to 10; T2, time period 10 to 20; T3, time period 20 to 30.

In the present study, Penh was not affected by acclimatization
time, and the calculation of Penh by 4 other variables (Penh =
[([Te/Tr] — 1) x (PEF/PIF)]) provides a stable value. However, the var-
iables PEF and PIF had significant changes influenced by acclimatiza-
tion. This fact seems surprising when considering that PAU, is an
indicator of bronchoconstriction. PAU is as stable as Penh and not
affected by age, sex, weight, or circadian rhythm.*?2 In the present
study, PAU changed significantly between T1 and T3. PAU is calcu-
lated using the variables Te/Tr (PAU = [Te/Tr] — 1). However, the
variables Te/Tr were not affected over the 30-minute acclimatization
period. A statistical error type 1 could theoretically be possible but
seems unlikely because of the use of a Bonferroni correction. How-
ever, a lower respiratory rate leads to a longer Te in relation to Ti.*!
The variables Te and Ti were not significantly affected. But since the
numerator Te increases more in relation to the denominator Ti,
the calculation results in a significant increase in PAU. When calculat-
ing Penh, the variables PIF and PEF are also considered. During the
acclimatization phase, the variable PEF (numerator) decreases more
than the variable PIF (denominator), resulting in a decrease of the
quotient. By multiplying the component that tends to increase
(Te/Tr — 1) by the component that tends to decrease (PEF/PIF), Penh
does not change significantly. In the group of healthy cats, the respira-
tory rate changed only minimally. As a result, the variables Te and Ti
also remained unchanged, which meant that PAU and Penh did not
change either.

The stable behavior of Penh is also interesting when comparing the
values with other studies. In healthy cats, mean Penh varies between
046 £0.123 and 1.23 +0.07 in different studies,**1%1%12> while in

another study, median Penh ranged between 0.77 (0.63-1.09) and 0.81
(0.68-1.09).2 In the present study, median Penh in healthy cats was 0.5
(0.4-0.6), therefore tended to be lower than reported before.?? A compar-
ison in diseased cats of different studies is difficult, as inclusion criteria
varied considerably. Some studies for example considered eosinophilic
inflammation and noneosinophilic inflammation separately?® while others
combined both inflammatory types in one group.®>>?° In the present
study, Penh in cats with LAD was 0.6 (0.5-0.8) in T2 and T3 and therefore
tended to be lower than reported in earlier studies.>” There could be dif-
ferent explanations for this finding. Eleven of 24 cats in the current study
were affected by noneosinophilic inflammation. This type of inflammation
tended to have lower values for Penh in other investigations.>® As the
values for Penh also showed considerable variation between other stud-
ies, it is also possible that there is an influence of the measurement sys-
tems used. Another possible factor could be disease severity. It is possible
that cats included in this study suffered from a milder form of LAD than
cats in other studies. Overall, it should be noted that the benefit of
Penh-measurement has been controversially discussed in various

2681019212332 The present study shows that Penh is not influ-

studies.
enced by the acclimatization time in either healthy cats or cats with LAD.
Since the variable is not influenced, it does not need to be considered
critically in the clinical context. In the present study, the respiratory rate
did not change significantly over time in both groups. Healthy cats that
presented for hospital visits have significantly higher respiratory rates
than those in a familiar environment.23%* In one of these studies, a
median respiratory rate of 64/min was counted during physical
examination,® which is in line with our results and with data published

for healthy cats in previous studies using BWBP.>%3> The increased
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FIGURE 2 Dot plot graph shows the influence of healthy cats and cats with LAD on the variables of BWBP during the acclimatization phase
with mean and SD. (A) Respiratory rate (frequency, cycles/min); (B) TV, tidal volume (mL); (C) MV, minute volume (mL/min); (D) Penh, enhanced
pause; (E) PAU, pause; (F) Rpef, rate of achieving peak expiratory flow; (G) PIF, peak inspiratory flow (mL/s); (H) PEF, peak expiratory flow (mL/s);
(I) EF50, expiratory flow at 50% expired volume (mL/s); (J) PEF/EF50, quotient of peak expiratory flow to expiratory flow at 50% expired volume;
(K) Ti, inspiratory time (second); (L) Te, expiratory time (second); (M) EEP, end-expiratory pause (milliseconds); (N) Tr, relaxation time (milliseconds,
that is, the time point of 65% expired tidal volume); ns = >0.05; ****P < 0.0001
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FIGURE 2 (Continued)

upper range of respiratory rate of up to 80.9/min is also in line with the
range of previous studies in which even values up to 192/min were
observed in healthy cats.3®3* Although the variables Ti, Te, Tr, PIF, PEF,
EF50, and PEF/EF50 are dependent on the respiration rate, they were
partially subject to significant changes.

It has been shown before that the expiration time Te is depen-
dent on the respiratory rate. A study in healthy cats revealed that at a
low respiratory rate, Te becomes longer than the inspiration time Ti,
whereas Te decreases at a higher respiratory rate.3! This observation
is consistent with results of the present study, in which Te and Ti
were not subject to significant changes.

The variables PIF, PEF, EF50, and PEF/EF50 are part of the
pseudo-tidal breathing flow-volume loop (pTBFVLP). These variables
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are called “pseudo” because they are derived from respiratory
mechanics and do not represent a direct measurement, for example,
via a face mask.”3® The Plexiglas box is only ventilated with room air
via a bias flow. The bias flow is connected to the box via pneumotach
screens. The box also has a sensitive differential pressure transducer
that measures the pressure changes. The measured pressure changes
are caused by 2 processes: conditioning (humidification and heating of
the inhaled air) and compression/expansion due to thoracic
movement.

During inspiration, the thoracic volume increases. At this point,
however, no air flows into the lungs, as a pressure difference must
first be built up to overcome the flow resistance. This results in an

increased pressure in the chamber. The mechanism is reversed during

95U8017 SUOLUIOD BAea.D 3|qeol(dde au Aq peusenob are saoile O ‘8sh Jo sl Joj AiqiT8uljuO /8|1 UO (SUORIPUOD-pUe-SWIBI W00 A8 |imAreiq 1 Ul |Uo//SdNL) SUORIPUOD PUe SWS | 8y} 885 *[GZ0Z/Y0/ST] Uo ARldiauljuo A8IM ‘Z¥T.T WIAITTTT OT/I0pA00 A8 | ARelq1jeuljuo//Sdiy Wi} papeojumod 'S ‘¥20g ‘929T6E6T



HORNER-SCHMID & AL.

Journal of Veterinary Internal Medicine AC\%’/IM | 2661

expiration. The second mechanism is based on the humidification and
heating of the air during inspiration, which leads to an expansion of
the inhaled air. This also results in an increase in pressure in the cham-
ber. These pressure changes are transmitted to the computer via a
preamplifier and analyzed. The Boyle-Mariotte law is used to recalcu-
late the change in pressure into volume change. In this way, it is possi-
ble to estimate respiratory variables such as respiratory rate, MV, Ti,
PEF, and others.2>"*” |t must be underlined that the BWBP only pro-
vides “pseudo-flows.” It therefore only generates estimates. This
makes BWBP a diagnostic tool strongly influenced by factors such as
temperature and humidity in the chamber.2® Both factors are known
to increase in correlation with the assessment time in studies in
mice.r® The plethysmographic system used in the present study has
no mechanism to keep the temperature and humidity of the chamber
stable. Nevertheless, the chamber temperature was relatively stable
with a mean of 23.6°C and an SD of +1.7°C, but relative humidity was
subject to relatively high fluctuations of 64% + 14.8%, which might
have accounted as an additional influencing factor.

The pTBFVLP were subject to significant changes between the
entire observation periods (T1-T3), but not between the shorter
observation intervals (T1-T2 and T2-T3). This finding suggests a mild
change during the acclimation period.

In a previous study, it was detected that movements like turning
around in the box or changing from lying to sitting positions and
vocalization of the cat in the measuring chamber were not adequately
filtered and eradicated by an automatic computer program. Move-
ments that were not part of the breathing procedure produced large
amplitudes on the box-flow waveform. These artefactual waveforms
resulted in extremely high values for PEF in that study.?? Even though
a generous acclimatization phase of 30 minutes was chosen in the
present study, the significant difference between T1 and T3 in PEF
indicates that the cats continued to show significant excitement
(movements, sniffing, and vocalizations). Other pTBFVLP (PIF, EF50,
PEF/EF50) showed the same behavior as PEF. Based on the previous
study®? and the present results, it seems advisable to evaluate the
pTBFVLP in a clinical setting after manual correction of the data.
Movements, sniffing, or vocalization could also explain the significant
differences between T1-T2 and T1-T3 for the variable MV. Therefore,
the MV should also be evaluated after correction.

In a previous study, a cutoff value of >1.51 for PEF/EF50 was
suggested to differentiate between healthy cats and cats with LAD.%°
In the present study, PEF/EF50 showed a significant increase
between T1 and T3. The variable did not show a decrease with
respect to the median values. So, PEF/EF50 does not seem to
improve by the acclimatization phase. Therefore, the significant
change in PEF/EF50 during the acclimatization phase seems only clini-
cally relevant if PEF/EF50 is <1.51. Other studies that observed the
assessment of pTBFVLP used the shape of the expiratory flow-
volume curve rather than the absolute values of pTBFVLP to assess
lung function. Unfortunately, this could not be performed in the pre-
sent study because the EF75 and EF25 values were not recorded by
the plethysmograph used. However, it would be interesting for further

studies whether a convex to a concave expiratory curve could develop
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during the acclimatization phase. It is possible that the pTBFVLP
would change significantly after a longer observation period than
20 minutes. This could indicate reduced airway elasticity due to
chronic tissue changes, characterized by bronchial smooth muscle
hypertrophy, bronchoconstriction, and submucosal gland hyperplasia
associated with chronic airway disease.®”2® In human medicine, it has
been detected that bronchoconstriction resolves more quickly in
healthy people than in people with asthma. It was shown that bronch-
oconstriction in healthy people with exercise-induced bronchocon-
striction resolved spontaneously after 60 minutes, whereas
bronchoconstriction in asthmatics persisted for 3 hours.?”*° In the
present study, severe bronchoconstriction cannot be assumed due to
comparable values for Penh in cats with LAD and healthy cats. Never-
theless, it is noteworthy that the variables PIF, PEF, EF50, and
PEF/EF50 changed significantly in healthy cats already from T1 to T2,
but not from T1 to T3 as in cats with LAD. These observations could
indicate a slower response of the airways to stressful situations in cats
with LAD.

In the present study, no significant influence of the different cat
groups (cats with LAD or healthy cats) on the acclimatization phase of
various variables of BWBP could be determined. Only the variable
PEF/EF50 seems to be affected. However, this comparison is subject
to statistical limitations. For example, the data were not normally dis-
tributed, which makes an evaluation using 2-way ANOVA with
repeated measures difficult. However, it has been postulated that this
type of analysis is resistant to changes in the normal distribution
assumption.*#2 In addition, the control group consisted of only
8 animals. It remains to be seen if the results can be reproduced in
larger control groups. This study has several limitations. One of them
is the small number of cats included, which is attributed to the
prospective character of the study but could have had an impact on
statistical power. In addition, there are several factors that are known
to have a potential impact on measuring variables in BWBP.1®
However, to keep the influence of confounding factors low, several
precautions have been taken. All measurements were performed in
the late morning. This way, the influence of the circadian rhythm
should be kept low.*? All cats were exposed to the examination in the
BWBP chamber for the first time to exclude a manipulation of the
values by previous acclimation. According to previous studies, sex
must also be taken into consideration when interpreting PIF and PEF,
which were found to be higher in males than in females.!” Nine males
and fifteen females participated in the study. However, because the
number of individuals did not change between measuring intervals, this
knowledge is irrelevant to data interpretation in the present study.

The study indicates that many variables of BWBP-measurement
in cats with LAD and in healthy cats are significantly influenced by the
duration of the acclimatization time before measurement. The vari-
ables respiratory rate, TV, Penh Ti, Te, end-expiratory pause, and Tr
can be interpreted without taking the acclimatization period into
account. Especially for pTBFVLP, a longer acclimatization phase than
previously assumed seems advisable. It can be recommended that the
variables of the pTBFVLP should only be evaluated in combination

with a manual correction for artefactual waveforms.
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