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Respiratory Mechanics Measured at High Speed

Equine researchers at Cornell believe they have developed reliable,

noninvasive measurements of respiratory function in horses exercising at

theirmaximum on the high-speed treadmill. These techniques will help veteri

narians diagnose respiratory disorders and assess the results ofvarious treat

ments. •



To develop these methods, Cornell
equine surgeons Norm G. Ducharme
and Richard P. Hackett, with grants
from the Harry M. Zweig Memorial
Fund, first developed an exercise pro
tocol for testing respiratory function
that produced repeatable results. This
protocol takes into account the effects
of speed, slope, and duration of exer
cise on measured respiratory param
eters.

The protocol selected results in the
greatest peak airflows (the maximum
amount of air passing through the
horse's airway) and greatest negative
airway pressures. Researchers have
determined these measurements in

normal horses and now can better in

terpret variations from normal in
horses that produce noise (roaring)
during exercise or are exercise intoler
ant.

"Wind problemsare probablythemost
common cause of impaired perfor
mance in equine athletes," says
Ducharme. "The upper airway prob
lems include common throat prob
lems such as roaring, pharyngitis,
subepiglottic cyst, epiglottic entrap
ment, arytenoid chondritis, and dis
placed soft palate. Lower respiratory
problems include bronchitis, lung al
lergy, heaves, and lung bleeding." To
gether, these disorders affect up to 75
percent of racing Thoroughbreds.

In a previous study, the equine re
searchers used video-endoscopy to
visually evaluate the upper airways of
103 horses (most ofwhich were race
horses: 40 Thoroughbreds, 45 Stan-
dardbreds, and nine other breeds).
Already, they have made significant
progressby correlatingmeasurements
of upper airway pressure during exer
cise with what they see in horses at
rest. They have been able to establish
four levels of grading, from fully nor
mal to a fully-diseased condition.

"We've been able to take much of the

guesswork out of the grey zones in
assessinghorses at restwho have roar
ing problems during exercise. We can
advise owners, for example, not to be

"We've been able to

take much of the

guesswork out of the
greyzones in assessing
horses at rest who have

roaring problems during
exercise."

concerned if they see one thing in a
horse at a sale, yet know that another
characteristic indicates a 50 percent
chance of disease.

"But endoscopic examination is lim-
itedtoassessingupperrespiratorytract
morphologyand mayprovide no indi
cation ofwhether or not a given prob
lemimpairsventilationduring strenu
ous exercise," explains Hackett.

To overcome this limitation, the
Cornell researchers coupled endo
scopicinformationwithpressure mea

What is normal? What is

abnormal? Cornell

equine surgeons Norm
Ducharme (left) and
Richard Hackett use a

series of high-speed
treadmill tests to

establish four grades of
respiratory function in
horses.

surements taken by small pressure
transducers placed in the horses' air
ways. They also measured volumes of
incoming and outgoing air with a face
mask they designed that has an ultra
sonic flowmeter lined up with each
nostril. This procedure is noninvasive
and adds no substantial resistance,
unlike other research tools that mea

sure air volumes.

By correlating airflow measurements
with endoscopic observations and
computer-assisted measurements of
pressures of the pharynx and larynx,
the researchershave determinedwhat

the normal mask (nose), tracheal, and
pharyngeal (in the throat) range of
values are for inspiration and expira
tion during high-speed exercise. They
have also been able to determine

where pressure drops occur, which
can indicate the specific site ofa prob
lem in the horse's respiratory tract.

This kind of information allows them

to assess far more accurately the up
per airway of the horse and how the
appearanceofthelarynxduringarest-

continued on back cover



Learningto Compare Different Exercise Results

With the development of high
speed treadmills for exercising

horses, equine researchers not only
can control the intensity of a horse's
exercise, but they also can measure a
variety of physiological performance
variables under controlled environ

mental conditions. With standard ex

ercise tests, researchers can assess the
physical condition of horses for cli
ents and evaluate training and man
agement procedures under experi
mental conditions.

Researchers not only use different
treadmills but also avariety of exercise
protocols. One set of researchers may
increase the speed of their treadmill to
produce a greater work load, another
may raise the treadmill's incline to
achieve a similar effect.

"A problem arises because standard
exercise tests can be designed with
infinite speed-slope-duration combi-
nations,"explainsHaroldHintz,Ph.D.,
an animal scientist who specializes in
nutrition and exercise. "Currently,
there is no way to correlate the effects
of speed and slope on work load. As a
result, it is difficult to compare results
from studies using dissimilar exercise
protocols."

With a grant from the Harry M. Zweig
Memorial Fund, Hintz and equine ex
ercise physiologist J. Daniel Harkins,
Ph.D., are evaluating the efforts of dif
ferent treadmill speeds and slopes on
fivecommon performancevariables—
heart rate, respiratory rate, oxygen
uptake, plasmalactateconcentrations,
and packed cell volume. All of these
variables increase as exercise inten

sity increaseswith increasedspeedand
slope. They will use that information
to develop mathematical equations for
comparing different exercise proto
cols.

"We are developing the correlations
between treadmill speed and tread
mill slope for each of the performance
variables," explains Harkins. "For ex
ample, if a horse performs a test at 8
meters per second on a treadmill in
clined at 5 percent slope, we will be

able to determine the comparable
speed on the flat at which the horses
would have to run to perform an
equivalent amount of work."

Their first step has been to determine
how long it takes for the plasma lac
tate concentrations in horses to reach

a plateau during exercise. Plasma lac
tate is an important measurement for
determining a horse's fitness and ath
letic ability, and plasma lactate con
centrationstake longerto plateau than
any of the other performance vari
ables.

In otherwords, ashorses exercise, their
muscles produce lactic acid. The
harder they work, the greater the lac
tate concentrations in the blood. At a

certain point, however, the levels of
plasma lactate cease to increase and
plateau. It is important to know how
long it takes horses to reach this pla
teau to avoid erroneous conclusions

from data collected before "steady
state" is reached.

Through a preliminary series of tests
on the treadmill, Hintz and Harkins
have determined that physically fit
horses need to be galloped for three
minutes, regardless of the work load,
to reach that plateau.

Harold Hintz(left) and Daniel Harkins
examine a face mask used to measure

a horse's breathing during different
speeds on a treadmill.

With this knowledge in hand, they are
preparing to test 12 Standardbred
horses that are physically fitand expe
rienced in galloping on treadmills.
Each horse will be evaluated during
four incremental tests of increasing
slopes (from 0 percent up to 10 per
cent), and at four increasing speeds
(from 8 to 14meters persecond). Each
horse will be evaluated twice for a to

tal of16tests per horse; with 12horses
participating, the researcherswillhave
a total of 192 tests from which to de

rive the correlations.

Using these measurements, the re
searchers are confident that by the
year's end, they will know how to
equate a work load performed at a
certainspeed and treadmill slopewith
an equivalent workload performed at
a different speed or different slope.
This information will be vital in com

paring the conditions and training
regimes ofThoroughbreds and other
galloping horses. •



PROFILE

The chairman of the College ofVeteri
nary Medicine's Department of Clini

cal Sciences—one ofthe largest veterinary
clinical sciences departments in theworld-
is a horse enthusiast. "In fact, horses are
my particular form of insanity," admits
Brian R.H. Farrow, who moved to Ithaca
from Australia in 1990 to take his new

post. 'Theyhave always been myhobby,
my obsession."

Aspecialist ininternal medicine and neu
rology, Dr. Farrow notonly hasbeen riding
horses since he was four, but owned,
bred, and racedThoroughbredsfortwenty
years before coming here. His most re
cent horse was sired by Danger's Hour,
champion multiplestakeswinnerwhowon
the Group I Manhattan Handicap and
several other stakes races in New York.

Danger's Hour is nowa stud inAustralia.
For twelve years, Farrow wasalsoa veteri
narian forthe Australian Jockey Club, and
he has spent time as a veterinarian in
Newmarket, England, and in Kentucky.

As the chairman of clinical sciences, Far
row oversees much of the equine re
search at Cornell, including most of the
Zweig projects and otherfunded research

Brian Farrow

Brian Farrow stops off at Cornell's
Equine Research Park to visit with
members of his "obsession."

at the Equine Research Park, on the high
speed treadmill, in the clinic, and in the
laboratories. 'The fact is that horses have

always been a major interest of mine. In
mynewposition, Ihavea special commit
ment to equine research and to the
equine industry."

Growing up in farm country near Sydney,
Farrow always had access to horses. His
family owned a number of sheep and
barley farms, and horses had been inthe
family forgenerations. Farrow rode dres
sage mostly until he stopped riding in his
early twenties.

He went to an agricultural high school,
where his interest in biomedical sciences

wasfostered, graduated from the Univer
sity of Sydney and worked in private
practice forfouryears. He returned to the
university to earn a Ph.D. in veterinary
pathology and taught equine and then
small animal medicine there for 16 years

before coming to Cornell on sabbatic. Dr.
Farrow then taughtequine anatomy and
clinical neurology inthe VeterinaryTeach
ing Hospital at the University of Sydney.

As a researcher, Farrow specialized in
therapeutic aspectsof naturally occurring
genetic diseases of dogs. This work re
sulted in early detection and prevention
ofdiseases in dogsandservedasa model
fortreating children with similar disorders.
In particular, he focusedon fucosidosis, a
naturally occurring disease of English
Springer Spaniels.

When Farrow was offered his position at
Cornell, an Australian colleague called his
new job "one of the most important
veterinary clinical positions at one of
America's'blue-chip' universities, perhaps
the finest in the world."

Moving to Cornell, however, has had its
down side. In Sydney, Farrow enjoyed
four racetracks nearby; in Ithaca he is
suffering from acute track deprivation. "I
really miss it, but I try to go to Saratoga
everyyear," says Farrow.

The author of over 100 scientific papers
and 16 book chapters, Farrow has been
married to veterinarian Maureen Farrow

forsevenyears. Sheistakingtime offfrom
veterinary medicine to raise their two
small boys, Jackson and Benjamin, ages
five and one. Although Farrow doesn't
want to push horses on the boys, his
future plans will most certainly include
them. "When I retire, Iplan to breed and
race horses again, but then as a full-time
interest." •



PROFILE

Animal behaviorist and physiologist
Katherine Houpt believes that her

love ofhorsesisgenetic: asfarback asshe
can remember, she and her father were
crazy aboutthem.Shestarted ridingwhen
she was four years old, but itwasn't until
shewasnineandwatched Ronald Reagan
star as the veterinarian who discovered a

vaccine for hoof-and-mouth disease in

The Stallion Roadthat Houptset hermind
on becoming a veterinarian.

"I knew nothing about veterinarians be
fore that movie, but as soon as I saw it, I
knew I wanted to be one. I never looked

left or right from that goal even though
everyone said I couldn't become one
because Iwas a girl," says Houpt.

When she graduated from high school in
the mid-1950s, the editorial board of her
yearbook refused to mention veterinary
medicine, aprofession almosttotallydomi
nated by men, under a woman's name;
instead theyreported thatherfuture prom
ised "a career working with animals and
medicine." It mayhavebeen luck, helped
byhavingthe highest gradesin herunder
graduate class at Pennsylvania State Uni
versity, that landed her a spot at the
University of Pennsylvania's School of
Veterinary Medicine, one offive women in
a class of 45, where she married her
physiology professor (Richard Houpt,
V.M.D., Ph.D., nowofCornell) and earned
her V.M.D.

"I knew by then that I could never be a
largeanimal practitioner—societyjustwould
not haveaccepted it. Idecided to go into
research instead," says Houpt.

Forbidden to work in the same depart
ment as her husband, Houptwas forced
to developa new career. With two young
sons intow bythen, she worked part-time
asasmall animal practitioner. "But Imissed
academia. As Isawfriends get interesting
positions in science, Ilonged to getbackin
there, so when myyoungest was three, I
went back to graduate school for my
Ph.D."

Katherine Houpt

Animalbehaviorist KatherineHoupt is looking for reasons
why this mare attacks her foals.

When her husband was offered an ap
pointmentat Cornell, there was no veteri
nary position open to Houpt, so she
started her Cornell career teaching the
biological bases ofsexdifferences forthe
Women'sStudies Program in 1973. The
next year the veterinary college asked
Houpt to develop an animal behavior
course, which has evolved into courses
on behavior problems of horses, ofdogs
and cats, and a course on farm animal
behavior. Houptbecame the first woman
veterinarian and eventually the first fe
male full professor in the college; she is
also the first woman editor-in-chief of the

joumaIAppliedAnimal BehaviorScience.

In her research, Houpt focuses on the
physiological mechanisms of food and
water intake in horses and the develop
ment and behavior of horses, looking, for
example, at thirst in general; why Lasix
makes a horse thirsty; how foal develop
ment differs depending on type of labor

(natural or induced), environment (stall
vs.a field), and extent ofsuckling; as well
as why mares sometimes reject their
foals.

Houpt also serves as the director of the
Animal Behavior Clinic at Cornell. "Iadvise

animal owners on how to change un
wanted behaviors in their horses, dogs,
cats, or anyother animals through man
agement techniques and drug therapy,
when required."

Theauthorof 100 scientific papers,half of
which are on horses, Houpthas authored
or co-authored four books, 15 chapters,
and 119 technical papers, working long
days teachingand doing research.

Whatdoes she do inher spare time,now
that her children are grown? Ride her
Arabian mare or care for her pony-after
all, it's in her genes. •



The Harry M. Zweig Memorial Fund for Equine Research honors
the late Dr. Harry M. Zweig, a distinguished veterinarian, and his

numerous contributions to the state's equine industry. In 1979, by
amendment to the pari-mutuel revenue laws, the New York State
legislature created the Harry M. Zweig Memorial Fund to promote
equine research at the College ofVeterinary Medicine, Cornell Univer
sity. The Harry M. Zweig committee is established for the purpose of
administering the funds and is composed of individuals in specified
state agencies and equine industry positions and others who repre
sent equine breeders, owners, trainers, and veterinarians.
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ing examination is associated with its ability to transmit
adequate airflow during intense exercise.

"In other words," says Hackett, "mechanical indicators of
upper airway function, such as the degree of resistance
across the larynx, can be determined in horses running at
maximum speed."

With these measurements, the researchers will be able to
mathematically calculate the resistance at various places
in the airway. This will help veterinarians assess whether
a horse has a problem, where the problem is, when it
occurs (during inspiration, expiration, or swallowing),how
it interferes with performance, and how the various prob
lems respond to particular treatments. Hackett presented
some of these findings to the American Association of
Equine Practitioners in December.

"This informationgivesus a degree ofobjectivity in assess
ing upper respiratory disorders that is unparalleled any
where in the world," says Ducharme.

"The ultimate goal is to look at horses and to use our
pressure measurements to support whether what we see
is normal or abnormal," adds Hackett.

The researchers will continue their work on the upper
airway, especially pharyngeal collapse (palate displace
ment) and laryngeal hemiplegia, also known as roaring,
and have begun to measure the lower airway mechanics
during exercise. They will compare the respiratory func
tions of fit horses against unfit horses to determine the
effects ofconditioning upon various indicators of respira
tory function.

They also will look into how the indicators of the lower
airway relate to lung disease. "This is very important,"
Hackett says, "because almost all race horses have some
degree of lung disease, although not all of it is clinically
significant." •
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