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Summary

Literature pertaining to the evaluation of the upper respiratory tract of the horse during exercise was reviewed. Articles were found by sear-
ching two databases. Videoendoscopy, upper airway pressure measurement and airflow measurements are used for assessing upper air-
way function. Treadmill accomodation and exercise protocols, examination protocols, the endoscopy technique, indications for the examina-
tion during exercise and normal and abnormal functions of the upper ainrvays are described in part I of this review. The most frequently ob-
served dysfunctions are dorsal displacement of the soft palate with an incidence of 21 lo 52 o/o and laryngeal hemiplegia with an incidence of
9 to 25 o/o o'f all upper airway obstructions. Videoendoscopy during treadmill exercise as a subjective technique can already accomplish a
good evaluation of the upper airuvay function. But a final assessment of the presence of a respiratory limitation can only be made by the
quantitative determination of upper airway flow mechanics (airway pressure and flow-volume measurement) which are presented in part ll of
this review.

keywords: horse, endoscopy, upper airway, treadmill, exercise

Beurteilung der oberen Luftwege des Pferdes während der Belastung auf einem Laufband - Eine Literaturstudie

Teil l: Endoskopie

Die vorliegende Literaturstudie beschäftigt sich mit der Untersuchung der oberen Atemwege des Pferdes unter Belastung auf einem Lauf-
band. lm vorliegenden ersten Teil wird die Belastungsendoskopie beschrieben. Die Literaturdatenbanken Index Medicus (Medline) und Com-
monwealth Agricultural Bureaux (CAB) wurden nach den Begriffen ,,horse" or ,,equine" und ,,treadmill" abgefragt. Die Artikel, welche die obe-
ren Atemwege betrafen wurden manuell ausgewählt. Die Abfrage erfolgte für den Zeitraum von ,,1966 bis heute."
Die Ventilation ist ein wichtiger, limitierender Faktor für die Leistungsfähigkeit des Pferdes. Erkrankungen des Respirationstraktes sind die
zweithäufigste Ursache für Leistungsverlust beim Pferd. Weitergehende diagnostische Methoden, wie die Untersuchung auf einem Laufband
können deshalb bei der Früherkennung oder bei Klärung der funktionellen Bedeutung einer Erkrankung eine wichtige Rolle spielen. Untersu-
chungen zur Atmungsmechanik haben gezeigt, dass eine endoskopisch sichtbare Abnormalität der oberen Luftwege nicht unbedingt zu ei-
ner klinisch bedeutsamen Beeinträchtigung der Atmung führen muss. Andererseits schliesst das Fehlen einer Veränderung in Ruhe eine
funKionelle Störung unter Belastung nicht aus.
Die Anforderungen an das Laufband, Voruntersuchungsprbtokolle und Indikationen für die Untersuchung unter Belastung werden beschrie-
ben. Desweiteren werden der Angewöhnungsprozess des Pferdes an das Lauflcand, die verschiedenen Belastungsprotokolle und die Tech-
nik der Belastungsendoskopie dargestellt.
Die häufigsten Dysfunktionen der oberen Luftwege unter Belastung sind die Hemiplegia laryngis mit einer Häufigkeit von 9% bis 257o und die
Dorsalverlagerung des Gaumensegels (DDSP) mit einer Inzidenz von 21 lo bis 52 o/o aller Fehlfunktionen der oberen Atemwege. Weiter kön-
nen eine Vielzahl anderer, seltener Fehlfunktionen verschiedenster Strukturen des Pharynx und Larynx beobachtet werden wie, intermittie-
rendes Entrapment der Epiglottis, Epiglottisretroversion, Flattern oder Vorfall der Aryepiglottisfalten, Stimmbandflattern, Stimmbandvorfall
(ohne Hemiplegia laryngis) und Kollaps des Nasopharynx. Bei 17,7Vo bis 26% von Pferden mit dem Vorbericht Leistungsverlust konnte eine
funKionelle Störung unter Belastung diagnostiziert werden. Liegt zudem ein abnormales Atemgeräusch vor oder können ,,verdächtige" Ver-
änderungen bei der Ruheendoskopie beobachtet werden erhöht sich diese Häufigkeitaut 32o/obisg2o/o. Andererseits konnten bei 61% der
Pferde, welche belastungsendoskopiert wurden, die Diagnose bereits nach der Ruheendoskopie gestellt werden. Dies zeigt die Bedeutung
einer sorgfältigen klinischen Untersuchung vor einer Untersuchung auf dem Laufband. Mit der Belastungsendoskopie kann bereits eine sehr
gute subjektive Beurteilung der Funktion der oberen Atemwege erreicht werden. Das Vorliegen einer Behinderung der Atmung kann jedoch
nur mit den objektiven Methoden Druck- und Atemstromstärkemessungen dokumentiert werden. Diese Methoden werden im Teil ll dieser
Literaturstudie beschrieben. Eine Kombination der verschiedenen Methoden gilt als das dezeitige Optimum zur Beudeilung der Funktion der
oberen Atemwege des Pferdes unter Belastung.

Schlüsselwörter: Pferd, Endoskopie, Obere Luftwege, Laufband, Belastung

Introduction

The use of treadmills in equine research and training is
not new. Horses were exercised on mechanical tread-
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mills during the long sailboat trips from Europe to North
America. ln the latter part of the 1gth century Hagemann
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and Zuntz already used a steam driven treadmill to inve-
stigate the oxygen consumption of working draught hor-
ses. The first modern, motor driven treadmill in equine
research was used at the Royal Swedish Veterinary
School in Stockholm during the 1960s. But the evalua-
tion of upper respiratory tract dysfunctions in horses du-
ring exercise on high-speed treadmills is a relatively new
method (Derksen et al., 1986; Stick and Derksen, 1989;
Belknap et al., 1990; Morris and Seeherman, 1990). lIs
importance lies in the fact that many functional disorders
(i.e. dorsal displacement of the soft palate, pharyngeal
collapse) are not apparent at rest. On the other hand ab-
normal findings at rest do not necessarily mean a func-
tional limitation during exercise (Williams et al., 1990,
Morris and Seeherman, 1991). In additon, some me-
thods are not sensitive enough to diagnose mild disease
stages at rest.
There are different methods of assessing upper respiratory
function in horses during exercise. These include endosco-
py, upper airway pressure measurement and airflow mea-
surement (pneumotachography). Recently there have been
many advances in the techniques and the knowledge about
the diagnostic value of these tests. The purpose of this re-
view is to describe the techniques of the evaluation of the
upper respiratory tract in the horse during exercise, list the
indications, and discuss the usefulness and value of the dif-
ferent methods. Part I of the review deals with endoscopy
during exercise.

Material and Methods (Literature Reviewed)

Publications on the evaluation of the upper respiratory tract
function during exercise were found by consulting two da-
tabases. The Index Medicus (Medline) and the Common-
wealth Agricultural Bureaux (CAB) were searched for the
terms ,,horse" or ,,equine" and ,,treadmill". Reports pertai-
ning to the upper respiratory tract were then selected'ma-
nually. The search was carried out for the period from 1966
to the current date. Afticles in the Proceedings of the Ame-
rican Association of Equine Practitioners, the American Col-
lege of Veterinary Internal Medicine, the American College
of Veterinary Surgeons and the Proceedings of the Geneva
Congress of Equine Medicine and Surgery were included
as original, if the methods were clearly stated. This review
encompasses all the original articles and reviews on the
evaluation of the equine upper respiratory tract on a tread-
mill found by the above stated searching method. In additi-
on selected references on basic principles of different mea-
surement techniques and specific airway disorders are in-
cluded.

Results

Ventilation seems to be an important limiting factor of
performance in strenuously exercising horses (Petsche et
al., 1.995). In addition, respiratory tract disorders are the
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second most cause for poor performance in horses
(Morris and Seeherman, 1991). The introduction of the
flexible fiberoptic endoscope in equine medicine has
been helpful in the description and diagnosis of several
upper respiratory tract disorders (Cook, 1974, 1981a,
1981b; Raphel, 7982). Recognized causes of upper air-
way obstruction at rest are laryngeal hemiplegia (LH),
dorsal displacement of the soft palate (DDSP), epiglottic
entrapment (EE), arytenoid chondropathy, rostral dis-
placement of the palatopharyngeal arch, subepiglottic
cysts, and pharyngeal cicatrices (Cook, 1974, 1981a,
1981b; Raphel, 1982; Lumsden et al., 7995J. During
exercise large pressure changes occur in the upper re-
spiratory tract (Derksen et al., 1986). Studies of upper
airway flow mechanics in exercising horses have made it
clear that identification of an upper airway function ab-
normality does not necessarily mean a functional airurray
obstruction when the horse is exercising (Stick and Derk-
sen,1989; Williams et al., 1990). On the other hand, the
abscence of an upper airway abnormality at rest does
not rule out a functional obstruction during strenous
exercise (Morris and Seeherman, 7990). Attempts to mi-
mic airflows and pressure changes during exercise inclu-
de endoscopy immediately after exercise, during nasal
occlusion (Holcombe et al., 1996) and chemically indu-
ced hyperventilation with doxapram [Dopram@] (Archer
et al., 1997)or lobelinum hydrochloride [Lobelin@] (Art et
al., 1 991 ; Reutter, 1 993).

The Treadmill

Untilthe late 1980s most treadmills only reached speeds
of 3 to 6 m/s and therefore could only be used for study-
ing horses during low intensity exercise. On the modern
high-speed treadmills horses can be tested at high inten-
sity exersice at speeds up to 18m/s which is necessary
for the assessment of upper airway function. Treadmills
used for clinical exercise testing should have sufficient
tread length and width. This requires a length of at least
3.4 meters and a width of at least 0.8 meters (Rose and
King, 1993). Optimal is a length of 4 to 5 meters and a
width of 1 to 1.5 meters (Seeherman, 1991). The additio-
nal length and width gives the horse sufficient room for
momentary changes in position on the belt without ex-
cessive contact with the side rails or premature terminati-
on of the exercise test in case the horse is carried back.
For exercise at high speed it is also important to have
saftey devices as an emergency stop and a gantry with a
safety belt.
Most of the commercially available large motorized tread-
mills meet these criteria : Mustang 2200 (Kagra AG,
Fahrwangen, Switzerland); Säto ll (Uppsala, Sweden;
Equispeed Technologies, Raymore, Missouri, USA); Clas-
sic Wdmanik (Walmanik lnternational Corp., Freedom
PA, USA). An extensive description of dimensions and
housing conditions for treadmill installations is given else-
where (Seeherman, 1991; Seeherman et al., 1992).
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Methodology of the Evaluation of the Upper Airways during
Treadmill Exercise

Preexamination

A complete history and physical examination with empha-
sis on the respiratory tract always precedes examination
during strenous exercise. (Morris, 7997). This will include
external palpation of the laryngeal and pharyngeal area to
identify any swelling or atrophy of the cricoarytenoideus
dorsalis muscle, and a standing endoscopic evaluation of
the respiratory tract including the cervico-laryngeal reflex
(slap-test) (Greet et al., 1980). Endoscopy at rest should
be attempted without sedation, because it is repofted that
xylazine alters the arytenoid abduction (Archer et al.,
1991, Valdes-Vasquez et al., 1997). lf indicated such as
with suspected arytenoid chondritis, pharyngeal absces-
sation, DDSP and guttural pouch infection radiographs
can be taken. Any abnormalities should be recorded to be
able to compare it with observed dysfunction during exer-
UIöY.

In addition, a thorough lameness examination should pre-
cede treadmill exercise to rule out an orthopedic problem
as a cause of poor performance and to ensure that the
horse is able to work on a treadmill at high speeds without
being harmed.

lndications

An overview of indications for exercise endoscopy is given
in Tablel .

Tab. 1: Indications for exercise endoscopy.

Indikationen der Belastunqsendoskopie.

Sabine B. R. Kästner eI al.

Dorsal Displacement of the Soft Palate (DDSP)

Recent studies by Derksen and Coworkers (1997) indicate
that DDSP might be caused by damage to the pharyngeal
branches of the vagal nerve which travel with the pharyn-
geal plexus close to the retropharyngeal lymphnodes.
DDSP causes clinical signs during strenous exercise but
not at rest. The displacement can be associated with an
inspiratory and expiratory or mainly expiratory noise and
often a sudden slowing down of the horses during exercise.
Certain endoscopic observations at rest are suggestive for
the presence of intermittent DDSP. DDSP is easily induced
by nasal occlusion or withdrawal of the endoscope from the
trachea. Normally the soft palate is returned into the normal
position after swallowing. Persistence of the induced dis-
placement over repeated swallowing manoeuvers, mucosal
ulceration or bleeding of the free border of the soft palate,
the dorsal pharynx or the tip of the epiglottis, and a small or
flaccid appearing epiglottis are suggestive for intermittent
DDSP (Morrls ,1991; Lumsden et al., 1995; Kannegieter
and Dore, 7995). However, there are also horses with inter-
mittent DDSP which do not show any signs at resting en-
doscopy (Lumsden et al., 1995; Kannegieter and Dore,
1995).

Laryngeal Hemiplegia (LH)

LH describes asynchronous, asymmetric arytenoid car-
tilage movement caused by degeneration or damage
most times of the left recurrent nerve. For the descripti-
on of the various degrees of asynchronous/asymmetric
movement of the a$enoid cartilages at rest different
grading systems have been developed (Baker, 1983;
Rakestraw et al., 1991; Lane, 1.993). This review will use
the grading system by Rakestraw and Coworkers (1991)
fable 2).

Tab.2: Subjective Laryngeal Grades for Resting Horses (Fake-
straw et al., 1997).

Einteilung der Kehlkopffunktion am stehenden Pferd
(Rakestraw et al., 1991).

Grade Movement

I Symmetrical, synchronous abduction and adduction
of the left and right afienoid cartilages.

ll Some asynchronous movement (hesitation, flutter, or
abductor weakness) of the left arytenoid cartilage du-
ring any phase of respiration. Full abduction of the left
arytenoid cartilage can be maintained by swallowing
or nasal occlusion.

lll Asynchronous movement (hesitation, flutter, or ab-
ductor weakness) of the left arytenoid carlilage during
any phase of respiration. Full abduction of the left
arytenoid cartilage cannot be induced and maintained
by swallowing or nasal occlusion.

lV There is no substantial movement of the left aMenoid
carti lage during any phase of respiration.

History Endoscopy
at rest

Endoscopy
durinq exe'rcise

Abnormal inspiratory

noise with/without PP

LH grade ll

LH grade l l l
LH grade lV

lndicated in
connection with PP
Indicated
Not necessary

Abnormal inspiratory
and/or expiratory
noise with/without PP

Ulceration or
hemorrhage of any
structure of the
rarynx or pnarynx

lndicated

Abnormal respiratory
noises with/without PP

No abnormalities lndicated

PP of unknown origin
musculoskeletal ab-
normalities excluded)

No abnormali t ies lndicated

After surgical correction
of upper airway dis-
orders especially if no
improvment of respirato-
ry noise or performance
is observed

Inconclusive findings lndicated

LH = laryngeal hemiplegia; PP = poor performance
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LH is associated with an inspiratory stertor during exercise.
A clinical examination should include exercise with the
horse in normal head position during performance and en-
doscopic evaluation of the arytenoid excursions during na-
sal occlusion, during and after an induced swallowing reflex
or during induced hyperventilation by Lobelin@ (Reutter,
1993). Morris and Seeherman (7990) and Kannegieter and
Dore (1995) discuss the possibility of a progressive dyna-
mic collapse with extented exercise in horses with laryngeal
function grade I and ll. But an extensive study comparing
arytenoid cartilage movement at rest and during exercise
has shown that horses with laryngealfunction grade I and ll
were all able to fully abduct the afienoid cartilages during
exercise (Rakestraw et al., 1991). Also Lumsden and co-
workers (1995) do not consider laryngeal function grade I
and ll an indication for evaluation on the treadmill. LH grade
lll seems to be the laryngeal function in question. There are
different studies which suggest that between 20 and 70 %
of horses with laryngeal function grade lll at rest experience
a pronounced central displacement of the left arytenoid
cartilage (,,dynamic collapse") and occasional collapse of
the rima glottidis during exercise (Rakestraw et al., 1991,
Lumsden, et al., 1995). Based on calculated left to right ra-
tios during exercise racehorses with resting LH grade lll
were divided into 3 subgroups: lllA-the horse is able to ob-
tain and maintain full abduction of both arytenoids during
exercise [maximal abduction ratio of 0.80, maximal collapse
ratio of 0.791, lllB-the affected arytenoid is incompletely ab-
ducted, but this degree of abduction is maintained during
exercise [maximal abduction ratio of 0.69, maximal collapse
ratio of 0.571 and lllC-progressive and severe collapse of
the affected arytenoid and the vocal cords [maximalabduc-
tion ratio of 0.61, maximal collapse ratio of 0.181 (Hammer
et al., 1995)suggesting that horses with grade lllA do not
require surgical intervention because they are able to main-
tain full abduction during exercise. However, approximately
95% of the horses with LH grade lll fall into category lllB
and lllO. The same studies have shown that laryngealfunc-
tion grade lV at rest make an evaluation during exercise
unnecessary because of total paralysis of the arytenoid car-
Iilage (Morris and Seeherman, 1990, 1991, Rakestraw et
al., 1991, Lumsden et al., 1995).

Epiglottic Entrapment (EE)

EE presents mainly as a permanent disorder. lt is defined
as permanent when it is observed throughout the endosco-
pic examination, during swallowing and when observed on
consecutive examinations at rest (Lumsden et al., 1995).
Evaluation of persistent EE on the treadmill seems to be
warranted to document the severity of airway obstruction,
because airway pressure measurements have indicated
that thick membranes (aryepiglottic fold) might cause a
more severe airuuay obstruction than thin membranes (lzVfl-
liams et al., 1990). lntermittent EE has first been diagnosed
during treadmill exercise endoscopy (Morris and Seeher-
man, 1991). Horses with intermittent EE do not have abnor-
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malities at rest (Weishaupt et al., 1998)and do not neces-
sarily have a respiratory stertor (Lumsden et al., 1995).

Other lndications

Treadmill endoscopy has allowed the diagnosis of some
rare functional disorders like epiglottic retroflexion (Parente
et al., 1994; Lumsden et al., 1995; Derksen et al., 1997),
vocal cord prolapse without additional arytenoid cartilage
dysfunctions (Hackett, et al., 1994; Kannegieter and Dore,
1995) and collapse of the pharynx (Strand and Staempfli,
1993; Hackett, et al., 1994) which were not apparent at
resting endoscopy. Currently there is no knowledge about
the clinical significance of these rare disorders.
Evaluation of the upper respiratory tract during treadmill
exercise can also be indicated after surgical correction of
upper airuuay disorders (Stick and Derksen, 1989; Kanne-
gieter and Dore, 7995) to control the result, especially if
there is no improvement in performance or respiratory ster-
tor.

Treadmill Accommodation and Exercise Protocols

Protocols for the dynamic evaluation of the upper airway
function should simulate a horse's usual oerformance con-
ditions as close as possible (Morris and Seeherman, 1990).
During the examination the horse should wear its own tack
as bridle. bit, hobbles or overcheck. Side reins can be used
if it is necessary to achieve a flexed head and neck position
during performance (Lumsden et al., 1995). Before exami-
nation during exercise the horse has to be familiarized with
the treadmill. There are different orotocols used for accli-
matization of the horse to run comfortably on a treadmill.
Morris and Seeherman (7990) use a protocol that is de-
signed to minimize disruption of the training schedule. The
whole evaluation of the respiratory tract, including two
resting endoscopies can be performed in 1 1/2 to 2 hours.
These authors report that it takes typically only 20 to 30 mi-
nutes to get the horses fthoroughbreds, Standardbreds)
running on the treadmill at high speeds. The group at Mi-
chigan State University (Sflck et al., 1991; Derksen, 1993;
Lumsden et al., 1995) use a protocol that will take 2 or 3
days for traininig and endoscopy. The horse has two trai-
ning runs which can be performed in one or two days.
Other investigators report on average one to two training
runs to acclimatize the horses to the treadmill (Strand and
Staempfli, 1993; Kannegieter and Dore, 1995). Horses not
trained for high performance running (Warmbloods,
draught horses, ponies) tend to need a longer accomodati-
on time for exercising at gallop speeds needed for the up-
per respiratory tract evaluation than Thoroughbreds and
Standardbreds (personal observation).
During exercise on the treadmill the horse is encouraged to
maintain its position on the treadmill. The speed is adjusted
to accomodate the use and fitness level of the horse. Prior
to the evaluation the horse has a warm uo oeriod. Pub-
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lished protocols use 4.5 m/s for 6 minutes trotting (Morris
and Seeherman, 1990) or 5-7 m/s for 5 minutes and 12-14
m/s for 1 minute at the gallop (Stick et al. 1991; Derksen,
1993; Lumsden et al., 7995). The treadmill is usually incli-
ned at 3o/o'for trotting horses (Standardbreds) and at 6 o/o

for galloping horses fhoroughbreds, endurance horses
and 3 day eventers) (Morris, 1991). Parente and Martin
(7995) use three degrees of inclination for Thoroughbreds
and no inclination for Standardbreds. In human exercise
physiology as well as in equine sports medicine it is well
known that exercise on a treadmill at level causes less
energy expenditure than exercise on the track (Barrey et al.,
7993). The same authors determined 1.7 - 2.1 degrees as
the optimal inclination for saddle horses (3 day eventers) to
get the same heaft rate response on the treadmill at certain
speeds as during exercise over ground. The inclination is
necessary to obtain the same workload than over ground,
to simulate the load of the rider or the sulky (Morris, 1991).
In addition, the inclination makes exercise on the treadmill
safer, because lower speeds can be used. The lower in-
clination for Standardbreds is necessary to enable these
horses to maintain slride (Morris, 1991). Early protocols
measured the horses during submaximal exercise (Shappell
et al., 1988). Results indicated that the evaluation methods
are more sensitive near maximal exercise (Lumsden et al.,
7994) and that the fastest possible speed for the individual
horse are necessary to reproduce a similar stress on the
upper respiratory tract as under competiton conditions
(Ducharme et al., 1994). The individual horses maximal
heart rate is determined by an incremental exercise test.
Then the horses are tested at the treadmill speed corre-
sponding to their 75o/o of maximal heaft rate (HR75 max)
and at maximal heart rate (HR,u") for 2 minutes (Lumsden
et al., 1994). Often several trials are necessary to fatigue
the horse and induce certain dvsfunctions.

Endoscopy Technique r

The first reports on the use of endoscopy during exercise
on a high-speed treadmill were published in 1988 (Morris
and Seeherman) and 1989 (Stick and Derksen). Although it
is possible to use a fiberoptic endoscope, the advent of vi-
deoendoscopes in veterinary medicine made it possible to
obtain clearer images during exercise, because they have
better luminous intensity than fiberoptic endoscopes and
can be equipped with electronic shutters [i.e. Videoendos-
cope CF 100 HL, Olympus; Video Gastroscope for Horses,
Karl Storz GmbHl. An endoscope length of 180 cm is desi-
rable to be able to fix it properly to the bridle and have
enough length available to correct for momentary position
changes of the horse during exercise.
After the warm-up period the treadmill is stopped and an
endoscope is inserted after superficial anesthesia wilh 2o/o
lidocain into the ventral meatus of the right or left nostril and
positioned to allow visualization of the pharynx and larynx
without touching any of the laryngeal structures. The en-
doscope is fastened to the bridle by adhesive tape (Fig. 1),
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penrose drains or Velcrr@ straps (Morris, 1991 ; Stick et al.
1991; Derksen, 1993), The Velcro@ straps allow a quick re-
moval of the device in case of an accident or uncooperative
horse (Morrls, 1991). To allow easy visualization, as well as
permanent recording the endoscope is coupled with a vi-
deotape recorder (Morris and Seeherman, 1990). Additio-
nally a microphone can be attached to the endoscope 5 to
10 cm from the nostrils to allow recording of the abnormal
respiratory noises (Morris and Seeherman, 1990). A mini-
mum of three (Lumsden et al., 7995) to tour (personal ob-
servation) handlers is needed to safely perform an en-
doscopy at speed. One person has to adjust the monitor-
image continously. Two/three other operators handle the
horse and operate the treadmill. After insertion of the
endoscope the treadmill is started again and the exercise
protocol completed (Stick et al. 1991, Derksen, 1993,
Lumsden et al., 1.995). Treadmill speed and inclination are
adaoted to the horse's fitness level or horses are exercised
at their usual racing gait (9 m/s to 13.5 m/s) to reach a
heart rate in excess oI 22O beats/minute (Morris and
Seeherman, 1990; Morris, 1991; Parente and Martin,
1995). lt has been observed that disturbing the horse by
sudden slowing down can help to induce the displacement
of the soft palate (Lumsden et al., 1995).

Fig. 1: Horse prepared for exercise endoscopy on a treadmill.
The endoscope is fixed to the bridle with adhesive tape.

Für eine Belastungsendoskopie vorbereitetes Pferd. Das
Endoskop ist mit Klebeband am Zaum flxiert.

30 minutes after exercise a second endoscopy at rest is
performed (Morris, 1991; Lumsden et al., 7995). Afterwards
the video recording is evaluated in slow motion or treeze
frame mode, sequence by sequence.

Observ atio ns d u ri n g Exerc i se

Normal Function of the Upper Airvvays
In the resting horse the arytenoid cartilages are slightly ad-
ducted during expiration and slightly abducted during inspi-
ration. The swallow reflex includes the complete adduction
of the laryngeal cartilages, dorsal displacement of the
epiglottis and ventral movement of the roof of the pharynx
and dorsal movement of the soft palate (closure of the
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nasopharyngeal sphincter) to prevent the passage of food
or saliva into the trachea. This is followed by complete, bi-
lateral abduction of the arytenoid carlilages. Then the carti-
lages return into resting position (Morris, 7997). Displace-
ment of the soft palate can be induced in normal horses by
insertion of the endoscooe into the trachea and with-
drawing it again or by touching the laryngeal structures.
The displacement than occurs after a swallowing reflex.
'Normal' horses return the soft palate into normal position
after an other swallowing reflex (Morris, 1991).
During a transitional time at the beginning of exercise fre-
quent full symmetrical abduction and adduction of the
afienoid cartilages can be observed before full abduction
is achieved (personal observation). During exercise the
'normal' horse fully abducts the arytenoid cartilages as ven-
tilation increases (Morris, 1997).The larynx stays open du-
ring strenous exercise until ventilation returns to resting le-
vels. The horse is able to swallow during strenuous exerci-
se; the reflex is intact with full adduction of the arytenoid
cartilages, which then return to the fully abducted position.
Horses may swallow several times during exercise, but re-
peated swallowing indicates an irritation or hypersecretion
as in COPD affected horses (Morriq 1991)

Abnormal Function of the Upper Ainuays
Obstructing functional abnormalities observed during
exercise are intermittent DDSP (Morris and Seeherman;
1990; Stick et al., 1991; Parente et at., 1994; Hackett et
al., 1994; Parente and Martin, 1995; Lumsden et al.,
1995; Kannegieter and Dore, 1995)[Figs 2a-b], LH or dy-
namic arytenoid cartilage collapse (Morris and Seeher-
man, 7990; Stick et al., 1991; Morris and Seeherman,
1991; Rakestraw et al., 1991; Parente et al., 1994, Pa-
rente and Martin, 1995; Kannegieter and Dore, 1995;
Lumsden et al., 1.995) [Figs.2c-d], intermittent EE (Morris
and Seeherman, 1991, Hackett et al., 1994; Kannegieter
and Dore, 1995; Lumsden et al., 1995; Weishaupt et al.,
1997), permanent EE with obstructing aryepiglottio folds
(Morris and Seeherman, 1.990), aryepiglottic fold collapse
(Hackett et al., 1994; Kannegieter and Dore, 1995; Pa-
rente and Martin, 1995), aryepiglottic fold flutter (Kanne-
gieter and Dore, 7995)vocalfold prolapse (Hackett et al.,
1994; Lumsden et al., 1995), vocal cord flutter (Kanne-
gieter and Dore, 1995), epiglottic retroversion (Parente
and Marlin, 1995; Derksen et al., 1997), epiglottic flutter
(Kannegieter and Dore, 7995), collapse of the roof of the
nasopharynx (Strand and Staempfli, 1993; Hackett et al.,
1994), prolapse of the cranial part of the soft palale (Hol-
combe et al., 1997), rostral displacement of the palato-
pharyngeal arch (Lumsden et al., 1995) and a combinati-
on of several disorders (Kannegieter and Dore, 1995;
Lumsden et al., 1995). The most frequently observed
dysfunctions are DDSP and LH with a range of 21 to 52
Vo and 9 to 25 Vo of all upper airway obstructions, res-
pectively (Stick et al., 1991; Morris and Seeherman,
1991; Rakestraw et al., 1991; Hackett, et al., 1994; Pa-
rente and Martin, 1995; Kannegieter and Dore, 1995;
Lumsden et al., 7995). The incidence of functional upper
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airway obstruction in horses with a history of poor perfor-
mance of unknown origin is reported to be between
17.7% and 26 oÄ (Morris and Seeherman; 1990, Morris
and Seeherman, 1991; Parente and Martin, 1995; Kan-
negieter and Dore, 1995; Lumsden et al., 1995). Horses
with a history of poor performance and an abnormal re-
spiratory noise and/or suggestive endoscopy at rest had
an incidence of upper airway obstruction between 32 %
and 92 % (Stick et al., 1991; Morris and Seeherman,
1991; Hackett, et al., 1994; Kannegieter and Dore,
1995). Lumsden and coworkers (1995) reported that 28
of 46 (61%) horses with upper airway obstruction during
exercise also had abnormalities at rest. This supports the
importance of a careful clinical examination and endos-
copy at rest before evaluation during exercise to increase
the predicitive value of endoscopy during treadmill exer-
cise.

Fig.2: Most frequently observed upper airway disorders during
exercrse endoscopy.
a) dorsal displacement of the soft palate during inspiration.
b) dorsal displacement of the soft palate during expirati-

on with vibration of the free margin and bulging of the
soft palate.

c) laryngeal hemiplegia grade ll lC during inspiration with
severe prolapse of the left vocal cord and collapse of
the left arytenoid cartilage.

d) laryngeal hemiplegia grade ll lC during expiration.

Am häufigsten beobachtete Veränderungen der oberen
Atemwege während einer Belastungsendoskopie.
a) Dorsalverlagerung des weichen Gaumens während

der Inspiration.
b) Dorsalverlagerung des weichen Gaumens während

der Exspiration mit Vibration des freien Randes und
Aufwölbung des weichen Gaumens.

c) Hemiplegia laryngis Grad ll lC während der Inspiration
mit hochgradigem Vorfall des l inken Stimmbandes
und Kollaps des l inken Aryknorpels.

d) Hemiplegia laryngis Grad ll lC während der Exspi-
ration.
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The limitation of endoscopy during exercise is that it requi-
res subjective interpretation of airway function. Upper air-
way function can be evaluated objectively by quantitative
methods like upper airway pressure and airflow measure-
ments (pneumotachography).
ln conclusion, examination of the upper respiratory tract
during exercise on high-speed treadmills can be a useful
tool in evaluation of upper respiratory tract disorders. lt has
been shown that many functional disorders only occur du-
ring high intensity exercise. On the other hand some abnor-
malities observed at rest do not produce a functional disor-
der during exercise. But the evaluation on the treadmill
should not be used as a routine diagnostic tool. A good hi-
story, careful physical examination and endoscopic exami-
nation at rest are prerequisites before dynamic evaluation
can be indicated. Many horses with a functional upper air-
way obstruction during exercise have a history of an ab-
normal respiratory noise during exercise or suggestive
diagnostic findings at examination at rest. Videoendoscopy
during treadmill exercise as a subjective technique already
can accomplish a good evaluation of the upper airway fun-
ction. But a final diagnosis of the presence of a respiratory
limitation can only be made by quantitative measurement of
respiratory mechanics (airway pressure and flow-volume
measurement). Videoendoscopy coupled with these oblec-
tive methods is currently considered the optimum method
to evaluate upper airway function.

Sabine B. R. Kästner el al.
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