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The Equine Respiratory System

BY STACEY OKE, DVM, MSC
ANNE M. EBERHARDT PHOTOS

airway is subjected to marked fluctua-
in and out of the lungs, is a highly specialized organ system that serves one tions in flow and pressure during inspi-
ration and expiration,” explains Dr. Jon
primary function: to exchange oxygen for carbon dioxide. Compared to humans Cheetham, from the Department of Clini-
cal Sciences at Cornell University’s Col-

(whose respiratory tract is highly specialized for speech) and other mammals, a horse  lege of Veterinary Medicine.

According to Cheetham, tracheal pres-
inspires and expires a staggering amount of air. sures ranging from -4905 Pa (pascals,
which are a measurement of force per unit
area; one pascal is a Newton per square
THE UPPER RESPIRATORY SYSTEM meter) to 2746.8 Pa have been reported,
as well as airflow velocities of up to 80
liters per second in horses exercising on

The respiratory tract of the horse, which moves extremely large volumes of air “At maximal exercise, a horse’s upper
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6 - Pharynx mL/kg/minute, which is about 40 times
7 - Esophagus greater than their oxygen uptake at rest,”

8 - Laryngeal cartilage
9 - Trachea
10 - Larynx
11 - Epiglottis
12 - Hyoid bone
13 - Tongue

Cheetham said. “This is far higher than
an elite human athlete’s maximal oxygen
uptake, which is only about six to eight
times higher at exercising compared to
resting values.”

With the exception of the lungs, the
remainder of the equine respiratory tract
is essentially a glorified tube—the other
components of the respiratory system
are, in some ways, considered ancillary
and serve primarily as a conduit for the
air to move between the environment and
lungs. That is not to say that the other
parts of the respiratory system are unim-
portant. In fact, respiratory system dys-
function is the second-leading cause of ex-
ercise intolerance and poor performance
in athletic horses, following musculoskel-
etal disorders. Structural, functional, and
infectious conditions can occur at any
point along the respiratory tract.

But wait. Let’s take a deep breath and
start at the beginning.

Respiratory System Structure

The respiratory tract commences at the
nares (nostrils) and includes the nasal
passages separated by the nasal septum,
the paired paranasal sinuses and guttural
pouches, and the nasopharynx. The na-
sopharynx is the cavity located dorsal to
(above) the soft palate and extends from
the nasal passages to the larynx and start
of the trachea. The soft palate is the ana-

Layers of muscle surround the horse’s airways and control their diameter (A). Inflam-
mation, such as that resulting from irritation or infection, can lead to a constriction of
airflow through the lung (B). The inflammation also can result in thickening of the air-
way walls and an increase in mucus production.
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tomic extension of the hard palate, also referred to as the roof of
the mouth. In the horse, the soft palate is very long: it extends
from the termination of the hard palate all the way to the base
of the epiglottis. The epiglottis, therefore, lies on top of the soft
palate, making the horse an obligate nasal breather. That is, air
cannot enter the mouth to reach the trachea because the soft
palate blocks the airflow. Thus, the horse is the epitome of the
proverb, “The nose is for breathing, the mouth is for eating.”

The epiglottis is one of several cartilaginous structures that
make up the larynx (voice box). The other cartilages that form
the larynx are the cricoid, thyroid, and paired arytenoid car-
tilages. Other important structures of the larynx include the
aryepiglottic folds, the vocal cords, and the glottic cleft, which
is the entrance to the larynx. The larynx is located at the back
of the throat, at the top of the trachea. The larynx can be con-
sidered the “middle” of the respiratory tract, as it essentially
serves as the dividing mark between the upper and lower re-
spiratory tracts.

The trachea begins at the larynx and travels down the neck
and into the thorax (chest). Within the thorax, the trachea di-
vides into two tubes, the chief bronchi, each bronchus leading to
one of the two lungs. Within each lung, the chief bronchi further
divide and subdivide within the lungs. These tubes become
narrower and narrower and are referred to first as bronchi, then
bronchioles. Ultimately, the airways lead to the alveoli—micro-
scopic air sacs located at the end of the bronchioles were gas
exchange occurs. A classic example of the structure of the lungs
is a bunch of grapes. If one were to hold a bunch of grapes by the
largest stem, the stem would represent one of the chief bronchi,
and it divides and subdivides to ultimate end at a grape, which
represents the alveoli.
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Respiratory System Function

As described above, the upper and lower airways can be
considered a specialized passageway for the air to travel to
and from the lungs—the functional unit of the respiratory
tract where respiration occurs. Air enters the nares and flows
through the nasal passages, where it is warmed and debris is
filtered. The air then courses through the nasopharynx, passes
over the epiglottis and through the larynx via the glottic cleft,
before moving down the trachea, bronchi, and bronchioles to
the alveoli.

There, the oxygen in the inspired air diffuses across the ex-
tremely thin walls of the alveoli into the bloodstream. There
are millions of alveoli in the equine lung, and each is wrapped
within a bed of tiny, thin-walled blood vessels called capillar-
ies. The oxygen in the inhaled air delivered to the alveoli is,
therefore, in very close proximity to the blood in the capillaries
and simply diffuses across the alveolar and capillary walls
into the blood, then into the red blood cells. Similarly, carbon
dioxide diffuses out of the blood, into the alveoli, and is subse-
quently expired through the airways.

The driving factor for the diffusion of both oxygen and car-
bon dioxide is the existence of a concentration gradient. Since
the blood that is pumped into the lungs is low in oxygen and
a high amount of oxygen is present in the alveoli, the oxygen
simply “flows” from an area of high oxygen concentration to
an area of low oxygen concentration. The opposite is true for
carbon dioxide. There are high concentrations of carbon di-
oxide in the blood pumped to the lungs (from systemic circu-
lation), but there are only low concentrations in the alveoli.
Thus, carbon dioxide flows down its concentration gradient,
out of the blood, and into the air sacs of the lungs.

Respiratory tract dysfunction is common in horses
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Alleviate Respiratory Infections Fast

the All-Natural Way

Clear Scope Plus has been expressly formulated for the horse’s respiratory system. It has been de-
veloped to assist in the expectoration of respiratory tract mucus caused by viral or bacterial infections
in the trachea or lungs. Clear Scope Plus may assist in treating most types of respiratory conditions
that involve mucus or “phlegm,” especially coughs and colds.

Given orally, Clear Scope Plus acts to liquefy and release mucus and congestion in the lungs and re-
spiratory tract. The mucus and phlegm are released from the lung cavities and respiratory tract walls,
moving to the laryngeal area of the throat where normal breathing and coughing enable the foreign
material to be expelled. Clear Scope Plus is all-natural and has no harmful side effects.

Treatment with Clear Scope Plus will improve your horse’s comfort, and its performance may be
improved as a result. Clear Scope Plus may be used while in full racing, and as a regular maintenance
program. You are advised to check with your local racing authority for any restrictions or withholding

guidelines.

The results are clearly evident and are attested to by many leading trainers and veterinarians.
Treatment with Clear Scope Plus is indicated and suitable for horses of all ages including weanlings,
yearlings, and adult horses. Give your horse relief today! For more information visit www.medivetdi-

rect.com or call 1-800-365-9168.

The oxygenated blood in the lungs is
then pumped back to the left atrium and
ventricle of the heart and is subsequently
circulated throughout the body to oxy-
gen-dependent tissues, such as exercising
skeletal muscles.

While the process of respiration ap-
pears outwardly simple, the integrated
function of many nerves, muscles, car-
tilages, and other anatomic structures
is essential to ensure the unobstructed
flow of air to and from the alveoli. This
is particularly important in horses exer-
cising at high speeds.

When Things Go Wrong

“Considering the complex anatomy of

the upper respiratory tract and the high
demands placed upon it by tremendous
fluctuations in pressure within the upper
respiratory tract, it is not surprising that
respiratory tract dysfunction is so com-
mon,” said Cheetham.

In fact, as mentioned previously,
respiratory-related health conditions
are the second-leading cause of poor
performance in athletic horses. Some-
thing can “go wrong” at virtually any
point in the respiratory tract. Some of
the more common problems affecting
the respiratory tracts of horses include:

M Respiratory tract infections (such as
equine herpesvirus and strangles);

Dandy Products, Inc.
Padding & Flooring Specialists

“Padding At Its Best”
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Induction & Recovery Rooms Table & Surgical Pads, Neo-Natal Foal Bed's

Non-Slip Safety Floors for All Areas
Pavesafe Bricks & Tiles, Trac-Roll & Vet-Trac Floors, Wash Stall, Grooming, Aisleway and Trailer Mats
Toll-Free 888-883-8386 * 513-625-3000 * FAX 513-625-2600

3314 State Route 131, Goshen, Ohio 45122 - www.dandyproducts.net
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M Laryngeal lymphoid hyperplasia (also
called pimples);

B Dorsal displacement of the soft palate;
B Nasopharyngeal collapse;

B Laryngeal hemiplegia (roaring);

B Epiglottic entrapment;

M Exercise-induced pulmonary hemor-
rhage (EIPH);

B Pneumonia;
M Pleuritis; and
M Inflammatory airway disease (IAD).

Of the above-listed disorders, dorsal
displacement of the soft palate (DDSP)
and laryngeal hemiplegia are thought to
be the two most important causes of poor
performance associated with the respira-
tory tract. It is currently estimated that
10-20% of athletic horses suffer intermit-
tent or persistent DDSP, which describes
the soft palate displacing upward above
the epiglottis during exercise, creating an
expiratory obstruction.

“This movement of the soft palate into
the airway often results in vibration of
the soft palate and an expiratory noise is
audible. The decrease in performance as-
sociated with DDSP is due to this expira-
tory airway obstruction, a reduction in
minute volume, tidal volume, and oxygen
consumption,” said Cheetham. Minute
volume is the amount of gas exhaled per
minute, while tidal volume is the amount
of gas inhaled and exhaled during one re-
spiratory cycle.

“The exact cause of DDSP remains to
be fully elucidated,” said Cheetham.

“We know that by experimentally
blocking two of the nerves that control the
tone of the palate and the position of the
larynx we can induce DDSP,” he added.
“In young horses, pharyngeal lymphoid
hyperplasia is also an important contrib-
uting effect. High airway pressure over
the palate and increased local turbulence
may also contribute to DDSP.”

Left laryngeal hemiplegia is caused
by a weakness or paralysis of the left
arytenoid cartilage and vocal fold, result-
ing in the horse’s failure to achieve full
abduction of these structures during res-
piration. Instead, the arytenoid cartilage
and vocal fold droop or hang in the lumen
(middle) of the larynx. In turn, the diam-
eter of the larynx during exercise is re-
duced and the volume of air that can pass
through the horse’s larynx to the lungs is
decreased. Left laryngeal hemiplegia is
also called “roaring,” due to the classic


http://www.medivetdi-rect.com
http://www.medivetdi-rect.com
http://www.medivetdi-rect.com
www.dandyproducts.net

sound emanating from the upper respira-
tory tracts of affected horses. The under-
lying cause of roaring is a degeneration of
or damage to the nerve (the left recurrent
laryngeal nerve) that innervates the dor-
sal cricoarytenoid muscle on the left side
of the larynx. A veterinarian diagnoses
this condition via endoscopic examina-
tion of the larynx, and he or she scores
the condition according to a standardized
grading scheme (Grade I to IV). For ex-
ample, Grade I describes horses in which
both arytenoid cartilages abduct com-
pletely and synchronously during respi-
ration, whereas Grade IV describes horses
with a left arytenoid cartilage that does
not abduct during respiration, but instead
remains hanging at or near the midline of
the larynx.

Diagnostic Challenges

Considering the clear difference in
anatomic position of the soft palate rela-
tive to the epiglottis in normal horses as
compared to horses with DDSP, diagno-
sis should theoretically be straightfor-
ward. But, like so many conditions in the
horse, it’s not that simple.

The soft palate is a dynamic struc-
ture that, in some horses, can relatively
readily displace dorsally above the soft
palate, but usually it only does so when
subjected to high airway pressures (i.e.,
during exercise). Further, displacement
of the soft palate often occurs only inter-
mittently ... and usually not when the
veterinarian is looking down the end of
a scope! For these and other unidentified
reasons, diagnosing DDSP continues to
be clinically challenging.

Traditional diagnostic techniques in-
clude endoscopy either while the horse
is at rest or exercising on the treadmill.
In response to multiple concerns regard-
ing the inability for endoscopy to accu-
rately diagnose upper airway dysfunc-
tion, even on a high-speed treadmill,
researchers developed portable endos-
copy. While various forms of these por-
table endoscopes exist, the techniques
for using any portable endoscope, also
referred to as overground endoscopy, are
essentially the same as with a traditional
scope.

The fiberoptic portion of the scope is
inserted through the horse’s nasal pas-
sages to the level of the larynx. The
scope has a lightweight light source for
visualizing the structures of interest and
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New Blood Builder—EPO-Equine

A revolutionary new blood builder from U.S.-based Biomedical Research Laboratories is provid-
ing trainers with a safe and natural way to improve racing performance. EPO-Equine is the world’s
first all-natural blood builder formulated specifically for race horses.

The patent-pending formula is designed to increase the production of red blood cells. Accord-
ing to BRL, “the newly formed red blood cells increase oxygen levels in the blood, which results in
improved speed, endurance, and recovery from exercise.”

Some background on EPO-Equine: One of the active ingredients, a naturally-occurring substance,
was shown in a controlled clinical study to increase the size and concentration of red blood cells
in horses. The formula also contains a dozen different herbs, antioxidants, and anti-inflammatory
components combined to accelerate natural red blood cell production...for remarkable speed,
strength, and stamina right out of the gate.

Several horse owners have reported increased blood levels within one week of use and improved
race performance shortly thereafter. One trainer said he started with a couple of bottles to see “how
the product worked” and after the lab results came back, and after winning a few races, he put his
entire stable on EPO-Equine.

“All you have to do is feed one scoop of EPO-Equine each day; that’s it,” said a BRL spokesper-
son. According to the website, EPO-Equine contains all-natural, safe, and legal ingredients. For the
race horse, this could be a game-changer.

EPO-Equine can be ordered at www.EPOEquine.com or 1-800-780-4331 and comes with a
100% money-back guarantee.

Traditional diagnostic techniques include endoscopy
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a flushing system that enables the vet-
erinarian to wash mucus and other de-
bris from the tip of the scope. The scope
is fixed to the horse’s bridle to hold it
in place while exercising. A small 2-kg
to 3-kg box, containing a battery and
electronics for recording the images,
is affixed to the saddle, jockey’s back,
or cart/sulky/harness. The examiner
also employs a remote system that can
start and stop recording, flush the scope
when needed, and allow real-time visu-
alization. This technology is available
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Compared to humans and other mammals, horses take in a staggering amount of air

in North America, and researchers are
publishing studies supporting the ability
to accurately diagnose airway dysfunc-
tion in horses exercising in their normal
environments.

Take-Home Message

“The equine upper airway is highly com-
plex and adapted for exercise. Airflows in
the horse’s airways are very high, which
means that even a small abnormality can
lead to a large decrease in performance,”
Cheetham concluded.

b R

Establishing an accurate diagnosis using
an endoscope with either a treadmill or an
overground system is crucial to determining
the most appropriate management for horses
with airway dysfunction.

Excerpted from The Horse: Your Guide
to Equine Health Care. Free weekly
newsletters at www.TheHorse.com

H YOUR GUIDE TO EQUINE HEALTH CARE
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For the name of a farrierproducts™ dealer near you, please visit farrierproducts.com or call 1-800-468-2879.

Congratulations to the Kentucky Oaks Winning
Team and Farrier - Tom Doolan, Sr.

Mr. Doolan shod the winner with Tradition XT (front) and Tradition RT (hind).
Kerckhaert horseshoes were also on the runner up in the Oaks and over half of fhe

Whether designing shoes for different race surfaces - or finding solutions for
traditional problems with breakover - Kerckhaert continues fo meet the demands
of the industry and the needs of professional farriers and trainers with their
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