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Evaluation of the upper respiratory tract in the horse
during treadmill exercise - A review

Part Il: Measurement of upper airway flow mechanics
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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 of the upper airways during exercise is presented in part | of this review. Part Il describes upper air-
way pressure and airflow measurements for objective assessement of the prescence of a respiratory limitation. Different measurement tech-
niques and definitions of upper airway pressure as well as airflow measurement techniques are described.

Upper airway pressures and flow indices increase linearly with increasing exercise. Airflow resistance as caused by laryngeal hemiplegia
grade IV increases negative upper airway pressure and limits inspiratory flow. Dorsal displacement of the soft palate alters both inspiratory
and expiratory pressures.

keywords: horse, airflow, upper airway pressure, flow resistance, flow-volume loop

Beurteilung der oberen Luftwege des Pferdes wahrend der Belastung auf dem Laufband - Eine Literaturstudie
Teil ll: Messung der Atemmechanik der oberen Luftwege

Die vorliegende Literaturstudie beschéftigt sich mit der Untersuchung der oberen Atemwege des Pferdes unter Belastung auf einem Lauf-
band. Im ersten Teil wurde die Belastungsendoskopie beschrieben. Im vorliegenden zweiten Tell werden Druck- und Atemstromstérkemes-
sungen in den oberen Atemwegen dargestellt. Die Literaturclatenbanken Index Medicus (Medline} und Commonwealth Agricultural Bureaux
{CAB) wurden nach den Begriffen ,horse” or ,equing” und Jreadmill* abgefragt. Die Artikel, welche die oberen Atemwege betrafen wurden
manuell ausgesucht. Die Abfrage erfolgte flr den Zeltraum ven ,1966 bis heute".

Die einfachste cbiektive Methode zur Uberprifung der Funktion der oberen Atemwege ist die Messung der Druckgradienten entlang der
oberen Atemwege. Dazu wird ein Katheter perkutan oder nasotracheal im proximalen Teil der Trachea und/oder im Pharynx platziert und die
Cruckdifferenzen zwischen Trachea und Pharynx beziehungsweise Trachea und atmospharischem Druck gemessen. In Tabelle 1 sind die
Cruckgradienten fir gesunde Pferde bei steigender Belastung zusammengefasst. Die Dorsalverlagerung des weichen Gaumens fuhrt zu ei-
nem geringeren Inspirationsdruck in Trachea und Pharynx, einem geringeren Exspirationsdruck im Pharynx und einem verstérkten Exspirati-
onsdruck in der Trachea. Die Hemiplegia laryngis Grad IV verursacht hauptséchlich einen stark erhhten Unterdruck bei der Inspiration.

Die Druckfluktuationen zwischen Ein- und Ausatmung in den oberen Luftwegen sind sowohl von der Atemstromstarke als auch vom Atem-
wegswiderstand abhéngig. Deshalb sind zur genaueren Beurleilung Messungen der Atemstromstérke notwendig. Zur Messung der Alem-
stromstérke wird am haufigsten ein Fleisch Pneumotachograph varwendet, daneben existieren verschiedene Ultraschall Messgréte. Normal-
waerte fur Pferde ohne Besintrdchtigung der Funistion der oberen Luftwege sind in Tabelle 2 dargestsllt. Die Hemiplegia laryngis Grad IV fihrt
in Ruhe zu nicht messbaren Veranderungen des Atemstromas. Hingegen kénnen im submaximalen Belastungsbereich bereiis erste signifi-
kante Verdnderungen verschiedener inspiratorischer Atmungsparameter gemessen werden. Die maximale inspiratorische Atemstromstérke
ist signifikant niedriger als bei gesunden Pferden.

Eine Methode die sich nur auf die Messung der Atemstromstérke stiitzt und dadurch wenig invasiv ist, ist die Darstellung und Auswertung
von sogenannten , Tidal Breathing Flow Volume Loops® (TBVFL). Eine karrekte Auswertung dieser Schleifen ist jedoch nur méglich bei ange-
strebter Maximalatmung. Dies wird beim Pferd durch die Belastungsuntersuchung errreicht. Eine Hemiplegia laryngis Grad IV flhrt dazu,
dass die hischste maximale Atemstromstérke sehr frilh erreicht wird in Kombination mit einer Limitierung des Luftflusses (Plateaubildung).
Hauptsachlich die inspiratorischen Indices der TBVFLs sind verandert.

Die Kombination einer Belastungsendoskopie mit siner der hier beschriebenen Methoden gilt als das derzeitige Optimum zur Beurteilung der
Funition der oberen Atemwege des Pferdes unter Belastung.

Schiisselwdrter Pierd, Atemstromstérke, Trachealdruck, Atemwegswiderstand, Atemstrom-Yolumen Schleife

Introduction

The importance of the evaluation of the upper respiratory  ratory limitation during exercise (Willams et al, 79903,
tract function during exercise lies in the fact that many func- 1990h, Morris and Seeherman, 1997). In additon, some
tional disorders are not apparent at rest. On the other hand methods are not sensitive enough to diagnose mild disease
abnormal findings at rest do not necessarily mean a respi-  stages at rest.
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seems io displace consistently at the same time in the
breathing cycle when subjected to the exercise test repea-
tedly. After displacement the airway pressures were signifi-
cantly altered. Pharyngeal and iracheal inspiratory pressu-
res wers decreased, pharyngeal expiratory pressure
decreased and tracheal expiratory pressure increased
(Rehder et al., 1995), indicating mainly an impairment of ex-
piration.

Sabine B. R. Kédstner et al.

ways. Therefore airflow needs to be measured to correctly
assess a respiratory limitation. Upper airway resistance is
defined as the ratio of peak upper airway pressure and
peak airflow rates for a given inspiration or expiration. Air-
flow is measured by a pneumotachograph or an ulirasonic
flow meter in addition (Robinson, 1992).

Mostly Fleisch pneumotachographs are used to measure
airflow in humans and animals., A pneumotachograph

Tab. 1: Normal values for peak pressures in the upper airways in exercising horses.

Normalwerte fiir Maximaldriicke in den oberen Atemwegen von Pferden in der Bewegung.

inspiratory Expiratory Inspiratory Expiratory Speed Author
Tracheal Tracheal Pharyngeal Pharyngeal
Pressure Pressure Pressure Pressure
-12 to 24 6to8 7 m/s Funkquist et al., 1988
mm Hg mm Hg
-40 to -50 15to 28 -20 to-26 1010 24 14m/s Ducharme et al., 1994
cm H,0O cm H,0 cmH,0 cm H,0
Inspiratory Tracheal Expiratory Tracheal- Speed Author
—Atmospheric Pressure -Atmospheric Pressure
-29 10 -30.6 cm H,O 11.7 to 12.6 cm H,0 gallop Witiams et al., 1990
-29.7 + 4 cmH,0 119+ 1.5cmH,0 7.2m/s Shappell et al., 1988
Inspiratory Tracheal Expiratory Tracheal Speed Author
—Mask (mouth)Pressure ~Mask (mouth) Pressure
(- 1.94 £ 0.22 cm H,O standing tumsden et al., 1994
(2229 +1.15cmH,0O 75% HR max
{(-) 38.57 £ 3.93 cm H,O HR max.
() 27.49 £+ 3.36 cm H,0 7.85+1.51 cmH,0 75% HR max. Petsche et al., 1995
{-) 40.82 + 3.92 cm H,0 8.07 = 1.90 cm H,O HR max.

Abbreviations: 75% HR max.: 75% of the maximal heart rate; HR max.: Maximal heart rate

Other Abnormalities

Complicated epiglottic entrapment (thick membrane, ul-
cers) produced modest increases, uncomplicted entrap-
ment and pharyngeal lymphoid hyperplasia grade IV produ-
ced slight increases in inspiraiory (negative) pressura.
Arytenoid chondropathy produced pressure changes simi-
far to |LH grade IV (Williams et al., 1990b).

Airflow Measurement
Techniques

Pressure can be affected by changes in flow rate as well
as changes in resistance (impedance) of the upper air-

Pferdeheilkunde 14

measures the pressure difference over a tube with known
diameter and resistance and along a laminar flow profile.
This pressure difference is directly proportional to the flow.
Integration over time equals the ventilated volume. The
measurement accuracy of this system depends on the ab-
solute pressure, temperature and humidity of the gas.
Derksen and assistants (1986) used in their early experi-
ments two No. 4 Fleisch pneumotachographs (Dynascien-
ces, Blue Bell, Pa, USA) mounted on & facemask. Later a
pneumotachograph with a diameter of 15.2 cm was deve-
loped for the use in exercising horses (Shappell et al.,
1988; Belknap, et al., 1990; Lumsden et al., 1994). A tight
fitting fiberglass mask mounted with the pneumatacho-
graph is placed over the horse’s nose. The mask allows
free movement of the nostrils. A rubber shroud is used to
seal the mask against the face. Pressure differences

45
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Different surgical procedures for the treatment of LH and
DDSP have been evaluated with this method. It could be
shown that laryngoplasty alleviated the flow limitations of in-
duced LH (Derksen et al, 1986; Shappell et al, 7988).
Ventriculocordectomy additionally did not further improve
upper airway function (Tetens et al, 7996). No improve-
ment could be observed after ventriculectomy (Shappell et
al, 1988) and subtotal arytenoidectomy (Belknap et al,
1990). Partial arytencidectomy improved respiratory flow li-
mitations at submaximal exercise but at near maximal exer-
cise some inspiratory flow limitations remained (Lumsden et
al., 1994).

Sabine B. R. Késiner et al.

ty, specificity and repeatability of the test depends on pati-
ents cooperation for maximal inhalation and exhalation
{Lumsden et al., 1993). In human neonates and infants tidal
breathing flow volume loops (TBFVL) have been evaluated.
This variation of the test lacks sensitivity and has great flow
variability compared to maximal breathing (Abramson et al.,
1982). Qualitative and quantitaive analysis of flow-volume-
loops and airflow rates at rest in Standardbreds has shown
large intra- and interhorse variations for the TBFVL indices
(Lumsden et al., 1993) reflecting different breathing strate-
gies in the individual horse. This limits the clinical usefulness
of TBFVLs obtained in resting horses. During high-spsed

Tab. 2: Upper airway flow mechanics in normal horses, effect of exercise.

Atemmechanil der oberen Atemwege, Einfluss der Belastung.

Speed
At rest 4.2m/s 11 m/s

~HR 75 max ~HR max
HR {(1/min) 308£1.1t050+9 143.6+18.5t0185. + 3 217.17 £ 2.37 10 225.5 + 4.92
f(1/min) 156+ 3110333 67.2+35t097.3+9.7 926+ 15.16to 117.4 +9.25
VT (L) 5.39 = 0.39 t0 6.02 £ 0.92 11.69 £0.941013.11 £ 0.8 12.87 = 1.72t015.73 £1.27
VE (L/min) 147 £ 0.08to 151.41 + 15.01 950.23 + 59.02 to 1256 = 63 1295.97 + 127.52 to 1858 + 109
PIF (L/sec) 430507208 3B£47t056.3+1.0 74.77 + 3.86to 75.52 £ 9.35
PEF (L/sec) 49+1t07.9x 1.1 401 £421047.5+45 65.43 + 5.3 10 66.05 + 5.58
Pui (cm of H,0) 1.94 + 022102404 209+3.8t022.29 +1.15 38.57 + 3.93
Pue (cm of H,0) 1.5+02101.8£0.4 73050952 11.86 £3.41
Zi (cm of H,0/LY/s) 0.38 + 0.04 t0 0.63 = 0.08 0.37 £ 0.06 t0 0.53 + 0.06 0.583 £0.04
Ze (em of H,0/L/s) 0.14 £ 0.031t0 0.43 + 0.1 0.16 + 0.02t0 0.25 + 0.06 0.19 + 0.06
Ti (sec) 0.74 £0.081tc 1.99 + 0.65 0.32 £ 0.04 to0 0.38 £0.02 0.25 +0.028
Te (sec) 0.92 +0.111t02.23 £0.77 0.33 £ 0.04 t0 0.39 + 0.03 0.28 £ 0.024
Te/Ti 0.99 +0.05 0.94 £ 0.03 0.98 +0.05

Abbreviations: HR = hearl rate, f = respiratory frequency, VT = tidal volume, VE = minute ventilation, PIF = peak inspiratory flow, PEF =
peak expiratory flow, MIF = mean inspiratory flow, MEF = mean expiratory flow, Pui = inspiratory pressure (tracheal pressure - mask
prassure), Pue = expiratory pressure (tracheal pressure — mask pressure}, Zi = inspiratory impedance, Ze = expiratory impedance Ti = in-
spiratory time, Te = expiratory time, Te/Ti = ratio expiratory time : inspiratory time.

Myectomy of the sternothyrohyoid muscle is often used as
a treatment for DDSP. But in healthy horses myectomy in-
creased the negative inspiratory pressures and inspiratory
resistance in the upper respiratory tract (Holcombe et al.,
1894),

Tidal Breathing Flow Volume Loops (TBFVL)

The clinical use of upper airway pressure and impedance
measurement is limited (Stick and Derksen, 1989, Williams
at af., 1990b) because of its invasive nature. Flow-volume
analysis is a common test for respiratory functicn in hu-
mans because it is noninvasive and sensitive. But sensitivi-

Pferdeheilkunde 14

treadmill exercise airflow of horses are near maximal brea-
thing (Belknap et al., 1990). The coefficients of variation for
TBFVL indices progressively decrsased with increasing
axercise level indicating that respiratory patterns became
less variable (Lumsden et al., 1993).

Evaluation of upper airway functicn by TBFVLs requires
the same equipment and near maximal exercise proto-
cols as airflow measurements described above. Specific
computer software allows the analysis of loop shape
and quantitative TBFVL indices (Petsche et al, 1994).
Loops are usually calculated by the means of 10
breaths, loop closure is accepted as adequate if there is
less than 5 % difference in expiratory and inspiratory vo-
lume.
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