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ABSTRACT Treadmili exercise tolerance was studied in 34 Standardbred trotters
and 20 saddle horses with miid or moderate signs of chronic obstructive pulmonary
disease (COPD) Respiratory gas exchange during exercise was studied in 21 of the
horses, 12 Standardbreds and 9 saddie horses. Relationships between exercise
iolerance and pathology in lung biopsies were assessed. Exercise lolerance data
differed between the breeds, the Standardbreds showing an increased red celi
volume in relation to body weight and a restricted respiratory minute voiume, while
the saddle horses had an excessive heart rate response to exercise. In the Standard-
breds but not in the saddie horses, oxygen uptake and pulmonary ventilation
capacities correlated inversely with the morphological grade of small airway discase,
and oxygen uptake capacity and tidal volume were inversely related to the height of
the bronchiolar epithelium. Red cell hypervelaemia may be a form of compensation
for impaired ventilation due to COPD in trained Standardbreds. Differences be-
tween the breeds in responses Lo exercise are probably associated with differences in

physical activity
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INTRODUCTION

In chronic obstructive pulmonary discase
{COPD) in the horse, chronic inflammatory
lesions of the bronchioles are generally the
major abnormality causing obstruction of
the conducting airways.”*** Advanced le-
sions may be present before clinical signs of
airway obstruction become severe'® and
functional derangement may not be observ-
able at rest in patients with only moderate
signs of disease. Since reduced work perfor-
mance and reluctance to exercise are com-
mon signs of COPD,**121 exercise testing
is often used to evaluate the severity of ill-
ness. An excessive heart rate response to ex-
ercise has been claimed to be a consistent
sign of COPD, although this was not appar-
ent in some studies. 101320 [y most studies
on the effects of COPD on exercise toler-
ance, morphological characterization of the
disease was not carried out. Percutaneous
lung biopsy has been found useful for this

purpose.b?5* According to Viel,* the patho-
logy in lung biopsies from COPD subjects
correlates well with necropsy findings. Biop-
sy pathology could therefore be of interest in
clinical physiological studies of COPD.

The aims of this study were twotold: First,
to assess exercise tolerance in horses with
clinically mild or moderate signs of COPD
and with chronic small airway disease found
on biopsy. Secondly, to evaluate the rela-
tionship between the severity of the patho-
fogy on lung biopsy and the degree of impair-
ment of exercise tolerance.

MATERIALS AND METHODS

Horses

Fifty-four adult horses, 34 Standardbred
trotters in training and 20 saddle horses,
were studied (Table 1), All had chronic small
airway disease on lung biopsy, a history of
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Table t. Data on horse material used, including breed, age and sex distribution

N = Number of horses; SD = standard deviation

Reference material

COPD material

Standardbreds Saddle horses Standardbreds Saddle horses
Q 3 (&) ? {3) ? 8 {8} ? {3)
N 55 55 42 14 26 11 12 11 6 14
Mean age
(vears} 4.3 47 7.5 a2 9.3 6.4 33 7.6 10.2 58
Sb I 8 23 £ 28 39 38 1.8 29 11 30

chronic cough and mild or moderate signs of

COPD, including abnormal pulmonary aus-
cultation sounds, cough after tracheal com-
pression, and abnormal tracheobronchial se-
creta on endoscopy at rest and/or after exer-
cise. Signs of pulmonary emphysema/hyper-
inflation (heaves) were not present. Stand-

ard exercise tests measuring a number of

variables were performed (Table 3) Due to
breed variations in exercise tolerance data,'®
two groups of reference horses were used
(Table 1). The first included 152 Standard-
bred trotters in various states of training and
without signs of disease likely to affect work
capacity.'”! The other group comprised 40
saddle horses regularly used for pleasure or
show riding. These were either sound or had
only minor complaints not considered to af-
fect exercise tolerance. Five of those and 10
other horses with no signs of respiratory dis-
ease were healthy controls in the evaluation
of lung biopsy findings.

Biopsy procedure and morphological
methods

Percutaneous cutting needle biopsy of the
lung was performed as previously described?
within 14 days of exercise tolerance testing.
Paraffin sections were stained with haema-
toxylin and eosin, alcian blue-PAS and Mas-
son’s trichrome, and were examined without
knowledge of the identity of the animals. At
microscopic examination, a calibrated eye-

piece micrometer was used to measure a
range of morphological variables. Al bron-
chioles were counted and examined. Their
fumen and epithelium were included in dia-
meter measurements. The mean (BEH.,.)
and maximal (BEH,,,,) bronchiolar epitheli-
al height (BEH, um) were determined for
cach case. The diagnosis of bronchiolitis was
based on the presence of inflammatory mu-
cosal cellular infiltrates or luminal exudates.
Alveolitis was defined as inflammatory in-
volvement of the alveolar tissue beyond the
vicinity of conducting airways. The bron-
chiolar epithelium was considered hyper-
plastic when showing stratification. Goblet
cell metaplasia was diagnosed when there
were goblet cells in the terminal bronchioles
or bronchioles of lower order less than 500
um in diameter.?® The severity of some fea-
tures was graded as minimal or above mini-
mal.

Exercise tolerance test

Exercise tolerance testing was done with a
high speed treadmill at a 6.25 % slope {Sikob,
Stockholm). Two standardized tests at a trot,
one without {#=154) and one with (#=21) a
respiratory mask, were performed on diffes-
ent days. The procedures were detailed pre-
viously.*'7?? The heart rate (HR) response
to incremental exercise was expressed as the
treadmill velocity (V, m s~!) corresponding
to a HR of 200 bpm (Vay), extrapolated
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Table 2. Morphological grouping of clinical cases from lung biopsy findings

Mean numbers of available bronchioles in each category also shown. N = number of horses

Mean number

Criteria for bronchioles
Category grouping N per case
I Peribronchiolitis. No other bronchiolar lesions 5 5.4
i Bronchiolitis No bronchiolar epithelial hyperplasia, goblet 6 4.5
cell metaplasia or luminal mucus
111 Bronchiolar luminal mucus and/or goblet cell metaplasia. 7 7.1
No epithelial hyperpiasia
v Bronchiolar epithelial hyperplasia No fuminal mucus or 2 40
goblet cell metaplasia
v Bronchiolar epithelial hyperplasia with luminal mucus 23 6.5
and/or gobiet cell metaplasia. No alveolitis
Vi Bronchiolar epithelial hyperplasia with luminal mucus 3 58
and/or goblet cell metaplasia. Alveolitis
VI 34 6.1

from the linear pulse/velocity relationship in
the test without the mask. The blood iactate
(LA, mmol 1) response to exercise without
a mask was expressed as V ai LA=4
mmol 7! (V| 1), extrapolated from the ex-
ponential LA/V relationship.!”'®** Respita-
tory minute volume (VE, 1 min~'), meas-
ured with a flowmeter (GID-100, Fluid In-
ventor, Stockholm), and expired oxygen and
carbon dioxide concentrations, determined
by mass spectrometry (Centronic 200 MGA,
IGellbergs Successors, Stockholm), were re-
corded continuously. Oxygen uptake and VE
al Vag (VO3-200, ml min~' kg~! and VE-
200, 1 min~'kg~') were calculated and the
respiratory rate (RR) was monitored. Tidal
volume (TV) was calculated from VE and
RR. As relationships between V and TV
were not consistent,!” we report the mean
exercise value of TV. The total red cell vol-
ume (CV), calculated from the Evans blue
dye space (PV = plasma volume), and the
haematocrit were determined afier mobiliza-
tion of the splenic erythrocyte reservoir by
the exercise test.'®

Statistical analysis

Using a computer and the SAS program,
tests of differences between groups were car-
ried out with Student’s t-test and functional/
morphological relations were analysed using
the ANOVA procedure. Mean values and
standard deviations (SD) are presented un-
less otherwise stated.

RESULTS

Pathology

There were 3—12 bronchioles in the biopsies
from each horse. The bronchioles were
<300 pm in diameter in 95 % of those meas-
urable (89 9%). Peribronchiolitis and alveoli-
tis of minimal degree were features of 80%
and 27%, respectively, of the controls and
were therefore disregarded in the COPD
horses. After consideration of all other
changes found, we designed a grading system
dependent on certain obligatory morpho-
logic features and including 6 categories of
increasingly severe pathology (Cat. I-VI, Ta-
ble 2). Grading was carried out independent-
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Table 3. Age (vears), bodyweight (BW, kg), plasma volume/ BW (PVIBW, ml lg="), red cell
volumel/ BW (CVIBW, mllg™"), treadmill velocity at pulse 200 (Vi m s™Y), treadmill
veloeity at blood lactate 4 mmol 1= (V4 m 571, oxygen uptakel BW at Vagg (VO2-200/BW,
ml min=*t kg™'), respiratory minute volumel BW at Voo (VE-2000BW, I min=" ke="), exercise
tidal volumelBW (TVIBW, ml kg™"), and ventilatory equivalent at Vi (VEIVO,-200) in

COPD-afflicted and reference Standardbied trotiers and saddle horses

X = mean value; SD = standard deviation; N = number of horses; p = degree of significance

Standardbred trotters

Saddle horses

Reference group COPD group COPD group

X SD N p< X SD N < X SD N
Age 53 100 152 6.4 3.0 34 0.001 99 26 19
BW 433 35 152 436 26 34 0001 511 89 20
PV/BW 5212 46 152 523 4.4 34 0.03 49 6 47 20
CV/BW 68 7 1135 152 0.001 808 190 34 0.001 6L2 84 20
Vage B42 095 152 822 079 34 0001 741 075 20
Vi 8§64 1.19 130 8.31 121 34 0001 738 073 19
V0.-200/BW 109 16 91 104 13 12 005 92 12 9
VE-200/BW 253 037 9 005 230 032 12 225 0354 9
TV/BW 26 8 39 48 om 238 15 12 217 25 9
VE/V0,-200 234 28 9i 222 24 12 24.6 58 9

ly of BEH values The mean numbers of
bronchioles examined varied only somewhat
betwen categorices (Table 2) Besides features
of each catepgory inherent by definition,
bronchiolitis was found in all cases in Cat.
IV and VI, 86% of cases in Cat. IIl and 87%
of cases in Cat. V; peribronchiolitis in all
cases of Cat I, 1V, V, and VI, and 86% of
cases in Cat. III; and alveolitis in 29% of
cases in Cat. 1IHl. Mean values for BEH,,,,
and BEH,,,, were significantly higher in
Cat [V-VIthanin Cat I-II1 (p<0.001}, and
means for BEH,,, increased significantly
with category order (Fig. I).

Exercise tolerance related variables

As seen in Table 3, both body weight (BW)
and age were lower in the Standardbreds
than in the saddle horses. The effects of
COPD differed between the two types of
horse. In the Standardbreds, CV/BW was
18% larger in COPD subjects than in the
reference  horses, and  VE-200/BW  and

TV/BW were less, In the saddle horses,
means of PV/BW and Vy, were lower in
COPD subjects than in the controls, In both
breeds, Vi 14 and VO.-200/BW were normal
in comparison with the respective reference
group. In the COPD-afflicted saddle horses,
PV/BW, CV/BW, vl()(), Vi.‘\‘l and VOQ_“
200/BW were lower than in the Standard-
breds with COPD, although PV/BW, Vi,
and VO,-200/BW did not differ significantly
between the breeds in the normal horses.
The ventilatory equivalent at Vg (VE/VO,-
200) in COPD subjects was similar in both
breeds and agreed with that of the Standard-
bred controls.

Relationships between histopathology and
exercise tolerance related variables

As seen in Table 4, in the Standardbreds but
not in the saddie horses, VO,-200/BW and
VE-200/BW were significantly inversely re-
lated to morphological grading, and VO,-
200/BW and TV/BW were significantly in-
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Reference group

p< X Sb N
93 35 39

524 62 40

001 534 47 40
616 83 40

001 817 0386 18
772 0356 18

102 - 3

247 3

versely related to BEH,,,, and BEH,,.,, re-
spectively. Significance was, however, also
reached when both types of horses were stud-
ied together and in this case VO,-200/BW
and TV/BW also correlated inversely with
both BEH variables. Morphological grading,
BEH,,,, and BEH,.,, were independent of
age and breed and did not correlate with
VE/VO,-200.

DISCUSSION

The pathology of the conducting small air-
ways ranged from peribronchiofitis alone to
marked chronic bronchiolitis with epithelial
hiyperplasia and metaplasia. The lesions are
in accordance with those described repeated-
ly in COPD.>*** Though smali airway dis-
case involves the lungs diffusely in this syn-
drome, the sampling error in biopsy exami-
nations must be considered. Viel,® using a
semi-quantitative grading system, consid-
ered biopsy reliable in reflecting the grade of
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= e
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Fig 1 Relationship between bronchiolar epitheli-
al height (BEH, pm) and morphological grading
(categories F—6) in lung biopsies Means of values
and standard deviations are shown for each cate-
gory. Empty bars = mean height (BEH, ..}
hatched bars = maximal height (BEH,,); N =
number ol horses

disease in the lung as a whole. However, in a
study of mild clinical disease only, biopsy
diagnosis was less accurate® and it seems
clear that biopsies with only minor lesions
must be interpreted cautiously.

Since we were interested in the possible
relevance of biopsy morphology in relation
to exercise tolerance, we found it necessary
to use a simple grading system with objective
criteria for grouping. The different catego-
ries probably represent variations in progres-
sion and severity of the same principal mor-
phological entity and not different subsets of
airway disease. The height of the bronchiolar
epithelium was used as an additional vari-
able independent of grouping. Conducting
airways of the orders found in the biopsies
normally display a simple low columnar or
cuboidal epithelium. The marked difference
in BEH between categories with and without
bronchiolar epithelial hyperplasia indicates
that this variable essentially denoted hyper-
plastic change. The increase of BEH, .. with
category order suggests that the degree of
hyperplasia increased along with the overall
severity and complexity of the pathology, a
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Table 4. Exercise tolerance-related variables (abbreviations as in Table 3) with correlations to
morphologic grading (Category, see Table 2} and to maximal and mean bronchiolar epithelial
height (BEH,,,,, and BEH .., um) in lung biopsies in COPD-gfflicted horses

* p<Q05,* p<0.0] N=number of horses

VO,-200/BW  VE-200/BW  TV/BW VE/VO,-200

All horses Category -0, 56** —0.45% —0.22 -0 05
N=121 BEH,,.. —0.61%* —0.41 — 0 44* - 0,01
BEH ., —0.48* —-0.30 —( 57%* —~0.01

Standardbreds Category - 61% w0, 64% .11 —0.14
New 12 BEH,,. —( 7%= v} 52 ~(}.31 0.15
BEH,,., —0.47 —-0.39 -0 60* 002

Saddle horses Category —0.25 -(.34 —(.353 -0.23
Ne=9 BEH,,,, 029 —039 —-0.33 -(.32
BEH, s (336 023 —0.45 —0.14

finding corroborating previous results of

studies on whole lungs %

Qur results indicate that clinically mild or
moderate COPD can negatively affect per-
formance potential. The markers used for
respiratory and cardiocirculatory functions
have previousty been postulated to reflect
aerobic power, pulmonary ventilation capac-
ity and anaerobic threshold in the horse '
In addition we used VE/V0,-200 as a mark-
er for the gas exchange efficiency during
work at the anaerobic threshold and CV/BW
as an expression for both the cardiovascular
dimension and the oxygen transport capaci-
ty. We expressed HR, blood lactate, and res-
piratory gas exchange responses {o exercise
as values at a work load corresponding to
HR =200 bpm and LA=4 mol I, respec-
tively, since this repiesents a near maximal,
mainly aerobic work level attainabie for all
horses.!” 1

Although severity of disease as judpged
from lung biopsy morphology was similar in
the Standardbred and saddle horse groups,
exercise tolerance data differed. The most
striking result was the red cell hypervolae-
mia found in the Standardbreds. This se-
quel, previously reported in association with
overtraining, exercise-induced pulmonary
haemorrhage and T-wave abnormalities in

the ECG, has been considered to be compen-
satory for tissue hypoxia caused by cardio-
respiratory dysfunction during heavy exer-
ciset079 In contrast, CV/BW was not
changed in the saddle horses Littiejohn et
abl.'"! reported normal haemoglobin values in
horses with COPD and haematocrits have
been reported to be slightly increased only in
severe cases of COPD.%7 We interpret the
difference between Standarbreds and saddle
horses in the effect of COPD on CV/BW as
probably being due to prolonged and intense
training for racing in the former breed de-
spite respiratory distress; conditions not per-
taining to the diseased saddle horses This
could explain the breed differences regarding
the other training dependent exercise toler-
ance related variables as well.

The normal HR response to submaximal
exercise in COPD-afflicted Standardbreds in
this study agrees with previous studies of
mild smail airway disease.!"*?® The exces-
sive HR response in the diseased saddle
horses may reflect diminished physical ac-
tivity required of these horses on account of
thetr illness, as compared with the control
horses which were exercised regularly.

It is likely that epithelial hyperplasia of the
smail airways would restrict air flow. This
assumption seems valid as VE-200/BW was
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diminished in the COPD horses, at least the
Standardbreds, due to a reduced exercise
TV, and respiratory gas exchange variables
correlated inversely with pathology grading
and BEH in the Standardbreds. Further,
oxygen uptake capacity is probably reduced,
as the ventilatory equivalent was normatl in
both breeds.

In conclusion, even mild or moderate
COPD seems to limit pulmonary ventilation
and oxvgen uptake during exercise, leading
to a compensatory increase in CV in regular-
ly trained and raced Standardbreds but not
in physically less active saddle horses. In the
former, gas exchange variables appear to be
dependent on the severity of lung biopsy pa-
thology, including the degree of small airway
epithelial thickening, whereas HR and blood
lactate responses to submaximal exercise are
unaffected. In saddle horses an imposed in-
activity may lead to an excessive HR during
exercise. Overall, exercise intolerance seems
poorly predictable from the degiee of patho-
logy in lung biopsies in saddle horses.
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