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Introduction

Left laryngeal hemiplegia is a common disease of horses
that has been recognized since the 1800s.! The condition re-
sults from decreased motor activity of the intrinsic muscles
of the larynx, including the cricoarytenoideus dorsalis mus-
cle.? This latter muscle is the primary dilator of the rima
glottidis.? Pathophysiologically, the disease is characterized
by the loss of innervation by the recurrent laryngeal
nerve.” The left recurrent laryngeal nerve is affected in the
majority of cases and right-sided or bilateral laryngeal pare-
sis is rare.! Traveling from its proximal end distally, the af-
fected nerve shows a progressive loss of myelinated fibers.’
Left laryngeal hemiplegia is uncommon in horses less than
15 hands high and it is an unusual diagnosis in ponies.’ The
condition is acquired and most affected horses are between
3 and 7 years of age.*

The degenerative neuropathy of the recurrent laryngeal
nerve and neurogenic atrophy of the intrinsic muscles of
the larynx are irreversible.” Therefore, several surgical tech-
niques have been devised to reconstruct the rima glottidis
to its maximum diameter. Surgical techniques used in cases
of left laryngeal hemiplegia include ventriculectomy,” pros-
thetic laryngoplasty,® and subtotal left arytenoidectomy.’
One of the techniques most commonly used in the treat-
ment of left laryngeal hemiplegia is prosthetic laryngoplas-
ty as described by Marks et al. in 1970.% In this technique a
prosthetic device replaces the cricoarytenoideus dorsalis
muscle, fixing the left arytenoid in a permanently abducted
position.”

In spite of the common occurrence of left laryngeal hemi-
plegia and the frequency of surgical intervention in the dis-
ease, the effects of left laryngeal hemiplegia on upper air-
way flow mechanics during exercise or efficacy of surgical
intervention have not been documented. Published surgical
success rates are based on subjective criteria." In this paper,
we describe the effects of left laryngeal hemiplegia on up-
per airway flow mechanics in exercising horses and evaluate
the efficacy of surgical repair by prosthetic laryngoplasty.

Materials and Methods

Five horses [11.4£3.1 years of age weighing 457 + 14 kg
(X +SEM)] were used in the experiments. Horses had been
on pasture for at least 30 days prior to the experiments and
had been immunized with equine influenza and rhinopneu-

monitis virus vaccines. On endoscopic examination, the
upper airways of horses were normal prior to the experi-
ments. Horses were trained to wear a face mask and work
on a treadmill at a walk, trot, and canter. Training took ap-
proximately 2 weeks.

Measurement Techniques

For the measurement of inspiratory and expiratory flow
rates at the nostrils, a tight fitting face mask was fitted over
the nose and sealed with a rubber shroud. The mask was
designed to allow unimpeded dilation of the nostrils. Two
Fleisch #4 pneumotachographs were mounted on the
mask. The combined resistance of the mask-pneumotacho-
graph assembly was 0.04 cm H,O/L/sec at a flow rate of 50
L/sec. Pressure changes across the pneumotachographs
were measured using a differential pressure transducer and
photorecording physiograph located adjacent to the tread-
mill. After each experiment the pneumotachograph trans-
ducer system was calibrated using a rotameter flow meter
capable of measuring flow rates up to 90 L/sec. Pressure
changes across the upper airway were measured using a dif-
ferential pressure transducer. Upper airway pressure (Pu)
was defined as the pressure difference between a side-hole
catheter in the trachea and the mask pressure. To measure
lateral tracheal pressure the catheter was placed in the tra-
chea as follows: One meter of 350 polyethylene tubing (ID,
3.17 mm; OD, 3.99 mm) was introduced through a metal
cannula inserted percutaneously into the ventral aspect of
the rostral one third of the cervical trachea. This catheter
was advanced rostrally and exited through a nostril. A plas-
tic washer (1.5 cm diameter) was placed over the cranial
end of the catheter, the catheter tip was flaired and drawn
back through the nostril into the trachea until the washer
was firmly seated against the tracheal wall. The catheter
was secured in place using a spring assembly.” To avoid
phase differences between measuring devices, the flow and
pressure signals were matched to 10 HZ as previously desc-
ribed.” Because of the interaction of airway deformation
and inertia at high respiratory rates, pressure and flow sig-
nals generated under exercise conditions were not in phase.
Therefore, upper airway resistance was defined as the ratio
of peak Pu and peak air flow rates for a given breath. Both
inspiratory and expiratory resistance were calculated (R,
and Ry respectively). Each data point calculated was the
average of the least 10 breaths. To measure the heart rate,
an electrocardiogram was recorded on the physiograph
using a base-apex lead system. Heart rate data points were
the average of at least ten R—R intervals.

Experimental Design

Upper airway flow mechanics measurements were made
with horses on a treadmill (incline 6.38°): standing (period
A), walking at 1.3 M/S (period B), trotting at 2.6 M/S (pe-
riod C), trotting at 4.3 M/S (period D), and standing after
exercise (period E). At periods B,C, and D animals were ex-
ercised for 2 minutes and data were collected during the last
minute of each period. Horses were allowed a 1-minute
rest between measurement periods B and C and periods C
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Table 1:
A B % D E
HR min-" 50+9 100+ 7" 154 +4* 185+3* 148+7*
f min-" 33+3 62+11* 76+ 11 90+11* 55+6*
Vids LIS 5.0£1.1 14.5+£1.7* 30.0+2.3* 40.1£4.2* 226+4.2
Vemax LIS 5.2+0.9 15.8+£2.3* 32.9+3.6" 432+4.9* 235+2.6*
R, cm H,0/L/S 0.41+0.09 0.36+0.05 0.44+0.05 0.37+£0.06 0.31+0.04
Re cm H,0/L/S 0.27+0.03 0.26+0.04 0.27+0.07 0.23+0.07 0.25+0.06

Heart rate (HR), respiratory frequency (f), peak inspiratory flow (V,.,,,), peak expiratory flow (Vem), inspiratory resistance (R) and expiratory resis-
tance (Re) (X+ SEM) of 5 normal horses. A = standing; B = walking (1.3 M/S); C = slow trotting (2.6 M/S); D = fast trotting (4.6 M/S); E = stand-

ing post exercise. * Indicates significant difference from preceding value.

and D. At period E, measurements were taken immediately
after exercise. Experiments were performed under control
conditions, 10 days following left recurrent laryngeal neu-
rectomy and at least 14 days following prosthetic laryngo-
plasty.

Statistical Analysis

Effects of exercise, left recurrent laryngeal neurectomy and
prosthetic laryngoplasty on upper airway flow mechanics
were analyzed using a two-way analysis of variance.”* When
the f value was significant at alpha <0.05, treatment means
were compared using Tukey’s w-procedure.

Results

Effects of exercise on upper airway flow mechanics values
in the 5 normal horses are reported in Table 1. Increasing
treadmill speed from period A (standing) to period D (trot,
4.4 M/S, 6.38° incline) progressively increased heart rate
(HR), respiratory frequency (f), peak inspiratory flow
(Vimay)s and peak expiratory flow (Vg,,..), while inspiratory
resistance (R;) and expiratory resistance (Rg) remained
unchanged.

The effects of left recurrent laryngeal neurectomy and
prosthetic laryngoplasty on R; in 5 horses are shown in
Fig. 1. At periods D and E, left laryngeal neurectomy re-
sulted in a significant increase in Ry, a decrease in V. and
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Fig. 1: Mean-peak inspiratory resistance at measurement periods A
(standing), B (walking, 1.3 M/S), C (trotting, 2.6 M/S), D (trotting, 4.6
M/S) and E (standing, post-exercise).

Hatched bar = control.

Open bar = following left recurrent laryngeal neurectomy.

Stippled hatched bar = following prosthetic laryngoplasty.

w = Tukey's w value.

* indicates significant difference between treatment groups.
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flow limitation (Fig. 2). Flow limitation, decreased V.
and increased R; were reversed by prosthetic laryngoplasty.
Neither left recurrent laryngeal neurectomy nor prosthetic
laryngoplasty had an effect on HR, f, V.. or Rg when
compared to control values at any of the measurement
periods.

Discussion

Left recurrent laryngeal neurectomy did not have a signifi-
cant effect on flow mechanics of the upper airway when
horses were standing or walking. This is not surprising
since the larynx contributes little to respiratory resistance
in the resting horse and since laryngeal movements are mi-
nimal at rest.”® A similar inability to detect increased laryn-
geal resistance in resting horses with laryngeal hemiplegia
has been reported previously.* To demonstrate the effect
of laryngeal hemiplegia on upper airway flow mechanics,
air flow rates were increased by exercising the horses.

Under control conditions, Vi, and Vg, .. increased 8fold
from period A to period D. Following left recurrent laryn-
geal neurectomy, flow limitation occurred on inhalation at
approximately 25 L/S, i.e. no further increase in flow was
measured with increasing driving pressure (Fig. 2). Flow li-
mitation during inhalation and increased R; probably re-
sulted from collapse of the unsupported left arytenoid car-
tilage. Once narrowed, inspiratory intraairway pressure is
likely to become more subatmospheric (Bernoullis prin-
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Fig. 2: Mean-peak inspiratory flow at measurement periods A (stand-
ing), B (walking, 1.3 M/S); C (trotting, 2.6 M/S); D (trotting, 4.6 M/S, and
E (standing, post-exercise).

Hatched bar = control.

Open bar = following left recurrent laryngeal neurectomy.

Stippled hatched bar = following prosthetic laryngoplasty.

w = Tukey's w value.

* indicates significant difference between treatment groups.
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ciple) producing a vicious cycle of further collapse of the
upper airway and flow limitation (dynamic collapse). Since
f was not significantly different before and after left recur-
rent laryngeal neurectomy in any measurement period, in-
spiratory flow limitation at period D may have resulted in
hypoxemia and hypercapnia. Blood gas measurements in
one horse with left laryngeal hemiplegia, galloping 1 mile
in 1 minute 56 seconds, supports this conclusion.”

Prosthetic laryngoplasty prevented the increase in R; and
flow limitation seen following left recurrent laryngeal neu-
rectomy in period D (Figs. 1 and 2). The mechanism whe-
reby prosthetic laryngoplasty prevents increased R; and
flow limitation is probably by supporting the left aryte-
noid cartilage, thereby limiting dynamic collapse on inspir-
ation. Endoscopic examination of 2 of the 5 subjects 14
days following prosthetic laryngoplasty showed that the
corniculate process of the arytenoid cartilage was in a fully
abducted position, while in 3 of the subjects, the cornicu-
late process was in the resting position as defined by John-
son.' Despite the lack of full abduction in all subjects fol-
lowing prosthetic laryngoplasty, flow limitation and inc-
reased R; at period D, as seen following left recurrent laryn-
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