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Introduction

Diseases of the respiratory tract are common in horses of all ages and types.
Respiration is a cellular activity, and the respiratory tract is the organ that per-
mits respiration to take place. The requirements placed on the respiratory sys-
tem by the body’s metabolism include the transfer of the precise quantity of
oxygen from the inspired air to the arterial blood that the body tissues need,
and the removal from venous blood the quantity of carbon dioxide they pro-
duce by metabolism. These requirements for respiration increase dramatically
during exercise, and the respiratory system of the horse is designed to permit
wide fluctuations in the amount of gas exchange taking place within the lungs.

The unique ability of the horse as an athlete is dependent on the integration
of the respiratory system with a number of other body systems, including the
musculoskeletal, nervous, and cardiovascular systems. Clinical or subclinical
dysfunction of any of these systems can result in exercise intolerance, but in
the healthy horse it appears to be the respiratory system that is the limiting fac-
tor that determines athletic performance.

The horse possesses several unique physiological responses to exercise that
allow for an increased capacity for oxygen transport. The maximum oxygen
consumption (VO, max) reached by the Thoroughbred racehorse can exceed
160 ml/kg/min, a value that is about double that of a human athlete. The horse
experiences arterial hypoxemia, oxygen desaturation, and hypercapnia during
exercise as a result of diffusion limitation and a relative hypoventilation. Any
respiratory dysfunction can cause a further decline in ventilation and gas ex-
change, and therefore respiratory diseases are a major cause of exercise intol-
erance and poor performance. Respiratory tract diseases are second only to
musculoskeletal diseases as the leading cause of wastage in racehorses.

Respiratory disease is rewarding to evaluate and treat for equine clinicians.
The respiratory system is highly accessible for diagnostic testing, responds to

Xvii
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an extensive armamentarium of drugs, and has a relatively favorable capacity
for healing. Techniques used to evaluate the equine respiratory tract include
endoscopic examination, radiographic and ultrasonographic imaging, cyto-
logic evaluation and bacterial culture of respiratory secretions, and histopath-
ologic evaluation of respiratory mucosa and pulmonary parenchyma. Ad-
vanced imaging techniques, such as computed tomography and magnetic
resonance imaging, are also increasingly used in certain diseases, especially dis-
eases affecting the upper respiratory tract.

Unlike the central nervous system, the accessibility of the respiratory system
allows clinicians to obtain a definitive diagnosis in most instances. Respiratory
disorders typically respond favorably to appropriate medical therapy, and
treatment options for bronchodilation, immunomodulation, antimicrobial ac-
tivity, and reduction of pulmonary inflammation are well-characterized in
horses. Surgical therapy for upper respiratory disease is common and results
are often favorable. Surgical intervention for treatment of lower respiratory
disease is less routine and is typically performed under grave or extreme cir-
cumstances.

Disorders of the respiratory system can be classified into 4 basic categories:

e Contagious upper respiratory tract (URT)
e Noncontagious URT

Infectious lower respiratory tract (LRT)
Noninfectious LRT disease

Chapters 3 through 22 represent each one of these categories of respiratory
disease. Contagious URT pathogens include viral respiratory disease and
strangles (Streptococcus equi), and are separated in this text from infectious,
noncontagious conditions of the URT, such as guttural pouch mycosis and ary-
tenoid chondritis. Noncontagious URT conditions include structural and func-
tional abnormalities of the pharynx, larynx, and nasal passages. Pneumonia
and pleuropneumonia are examples of infectious LRT conditions, whereas
heaves, inflammatory airway disease, and exercise-induced pulmonary hemor-
rhage are common noninfectious LRT disease of horses.

Viral respiratory infections are common in horses, and equine herpesvirus
type 4 (EHV-4, rhinopneumonitis), equine influenza, and equine viral arteritis
are the most notable. Clinical signs of viral respiratory pathogens are often in-
distinguishable, and include pyrexia, serous nasal discharge, submandibular
lymphadenopathy, anorexia, and cough. In addition to respiratory disease,
equine herpesvirus type 1 (EHV-1) can cause abortion and neurologic disease.
Equine viral arteritis produces respiratory disease, vasculitis, and abortion.
Equine herpesvirus type 2, rhinovirus, and reovirus are ubiquitous viral respi-
ratory pathogens, and infection results in minimal clinical disease. Hendra
virus is a newly recognized, zoonotic disease of horses identified in Australia.
The disease is rapidly fatal in horses, and close contact is necessary for disease
transmission.
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Secondary bacterial respiratory infections are primarily initiated by viral
disease, because viral respiratory infections impair or destroy respiratory de-
fense mechanisms. The most common bacterial organisms associated with
pneumonia in horses are opportunistic bacteria originating from the resident
microflora of the upper respiratory tract. These bacteria are not capable of pri-
mary invasion and require diminished pulmonary defense mechanisms to es-
tablish infection. Secondary bacterial disease may result in mucosal bacterial
infections (rhinitis and tracheitis), or may produce more serious invasive dis-
ease, such as pneumonia and pleuropneumonia.

Clinical evidence of a secondary bacterial infection includes mucopurulent
nasal discharge, depression, persistent fever, and abnormal lung sounds. Strep-
tococcus equi var zooepidemicus is the most common opportunistic pathogen
of the equine lung, although Actinobacillus equuli, Bordetella bronchiseptica,
Escherichia coli, Pasteurella spp., and Pseudomonas aeruginosa are frequently
isolated. Strep. equi var equi, the causative agent of strangles, is a contagious,
primary bacterial pathogen of the URT, and is capable of mucosal invasion
without predisposing factors. Rhodococcus equi is a primary pathogen of the
LRT of foals less than 5 months of age, which produces pulmonary consolida-
tion and abscessation.

Noninfectious LRT diseases are common and typically limit athletic per-
formance. Inflammatory airway disease is characterized by excessive tracheal
mucus, airway hyperreactivity, and poor exercise performance in young
horses. Reactive airway disease (heaves) is triggered by exposure to organic
dusts in older horses (>8 yrs) with a familial allergic predisposition. Small air-
ways are obstructed by bronchoconstriction and excessive mucus production.
The severity of clinical signs may range from exercise intolerance to dyspnea
at rest. Exercise-induced pulmonary hemorrhage occurs during maximal exer-
cise in short duration events (horseracing, barrel racing); the pathophysiology,
impact on performance, and ideal treatment have been extensively studied but
are poorly understood.

Diagnostic testing is usually rewarding in horses with respiratory disease.
Endoscopic examination allows direct visualization of the upper respiratory
tract, guttural pouches, trachea, and mainstem bronchi. Indications for endo-
scopic examination include URT noise, inspiratory difficulty, poor exercise
performance, and nasal discharge. Radiographs of the skull are indicated to in-
vestigate facial deformity, abnormalities of the sinus (sinusitis, dental abnor-
malities, and sinus cyst), guttural pouch (empyema, tympany), and soft tissue
structures (epiglottis, soft palate).

The two most important techniques for evaluation of lower respiratory
tract secretions are transtracheal wash and bronchoalveolar lavage. Transtra-
cheal wash is indicated to obtain secretions for bacterial and fungal culture of
the lower respiratory tract. Bronchoalveolar lavage is indicated for cytologic
evaluation of the lower respiratory tract in animals with diffuse, noninfectious
pulmonary disease. Nasal/pharyngeal swab culture is inappropriate for inves-
tigation of pulmonary infectious disease, but is performed in horses with sus-
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pected strangles infection. Thoracic radiography is most useful to identify ab-
normalities of the pulmonary parenchyma, mediastinum, and diaphragm.
Pulmonary consolidation (pneumonia), peribronchial disease, pulmonary ab-
scessation, interstitial disease, and mediastinal masses (neoplasia, abscess,
granuloma) are most easily identified via thoracic radiography.

Thoracic ultrasound is the most appropriate technique to evaluate fluid in
the pleural space, peripheral pulmonary consolidation, and peripheral pul-
monary abscessation. Ultrasonographic examination can identify the volume,
location, and character of pleural fluid (pleural effusion) or air (pneumotho-
rax) within the pleural space. Additionally, ultrasound can identify fibrin tags,
gas echoes (anaerobic infection), masses, and loculated fluid pockets.
Ultrasound cannot penetrate air; therefore, deep pulmonary abscesses and
consolidation cannot be detected via ultrasound examination and must be de-
tected via thoracic radiography. Ultrasound examination allows the clinician
to determine the most appropriate site for centesis and formulate a prognosis
based on the presence of fibrin, gas echoes, and loculated pockets of fluid.
Pleurocentesis is performed in animals with accumulation of fluid in the pleu-
ral space and should be performed with ultrasound guidance.

Lung biopsy and fine-needle aspirate are invasive procedures and are per-
formed after other diagnostic procedures have been exhausted. Pulmonary
neoplasia, pulmonary fibrosis, and interstitial diseases may require lung
biopsy to obtain a definitive diagnosis.

Regardless of the type of respiratory disease, environmental factors and
supportive care are important to aid the recovery of the horse. A dust- and
ammonia-free stable environment prevents further damage to the mucociliary
apparatus. Horses with respiratory disease have a variable to poor appetite;
therefore, highly palatable feeds are indicated to prevent weight loss and de-
bilitation during the treatment and recovery period. Adequate hydration will
decrease the viscosity of respiratory secretions facilitating their removal from
the lower respiratory tract. A comfortable and dry environment, maintained
at an appropriate temperature will allow the horse to rest, and will minimize
the role of the respiratory tract in thermoregulation.

This text is intended to provide diagnostic and therapeutic options for eval-
uation of horses with respiratory disease. The clinician’s primary goal during
physical examination of the respiratory tract is to determine the origin (URT vs.
LRT) and character (infectious vs. noninfectious) of the respiratory disease af-
fecting the patient to direct diagnostic testing and therapeutic intervention.



Examination of the Equine

Respiratory Tract

The respiratory tract is relatively accessible to physical examination, and a
thorough evaluation usually reveals constructive information that will direct
subsequent diagnostic testing. Signalment is important to establish, because
some respiratory conditions are age-dependent, (e.g., young—anomaly;
aged—neoplasia), use-related (e.g., pleuropneumonia—long-distance trans-
port; EIPH—short-burst, maximal exercise), or breed-predisposed (left laryn-
geal hemiplegia—draft, Thoroughbred). Next, it is essential to identify histo-
rical details relating to the primary respiratory complaint. The duration of
clinical signs may differentiate infectious (acute to subacute) from noninfec-
tious (chronic) respiratory disease. Traumatic injury to the respiratory tract
(rib fracture, tracheal rupture) typically produces acute, severe clinical signs of
respiratory distress or subcutaneous emphysema, and external signs of trauma
may be obvious. Seasonal incidence of disease increases the suspicion of an al-
lergic or environmental etiology. The rider/driver is carefully questioned re-
garding details of exercise performance and recovery, such as the presence and
character of a respiratory noise (URT), nasal discharge (EIPH, URT infection),
coughing (LRT, cardiac), and exercise tolerance. The horse’s vaccination sta-
tus and history of transport will determine susceptibility and exposure to in-
fectious disease; however, the clinician should recognize that a “current”
vaccination status does not completely preclude the occurrence of the viral or
bacterial respiratory pathogens in horses.

Examination of the equine respiratory tract is performed in a systematic
manner, beginning with observation at rest. The rate (normal = 8 to 12 bpm)
and effort of respiration is noted prior to physical examination of the horse.
Tachypnea does not necessarily indicate a primary respiratory disorder; acido-
sis, fever, hyperthermia, anxiety, and pain are non-respiratory sources of in-
creased respiratory rate. Conversely, many primary respiratory conditions may

1
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present with a normal respiratory rate at rest. Normal breathing in resting
horses is characterized by a unique, biphasic, “double effort” of respiration.
In most species, inspiration is an active process using the diaphragm and inter-
costals muscles, and expiration is passively driven by elastic recoil. In horses,
expiration is predominately passive, but the final phase is achieved by active
abdominal effort. As a consequence, the initial phase of inspiration is passive
due to recoil of the thoracic wall, and inspiration is predominately active. The
additional abdominal effort of expiration in normal horses may be misinter-
preted as low-grade expiratory difficulty.

Clinical signs of respiratory difficulty include flared nostrils, anxious ap-
pearance, and extended head and neck. The phase of respiration that is pro-
longed often indicates the portion and type (obstructive, restrictive) of the
respiratory tract impairment. Inspiratory difficulty, particularly associated
with inspiratory noise, indicates upper respiratory tract (URT) obstruction.
The intra-airway pressures of the URT are subatmospheric during inspiration;
therefore, negative pressure during inspiration exacerbates dynamic airway
narrowing by drawing soft tissues into the airway. During expiration, intra-
airway pressure is positive, which expands the diameter of the upper respira-
tory tract. A prolonged expiratory phase of respiration, accompanied by
excessive abdominal effort, is consistent with obstruction of the lower respira-
tory tract (LRT). During expiration, intrathoracic pressure is positive, which
narrows the diameter of small airways.

Bronchoconstriction and small airway inflammation exacerbate small air-
way narrowing during expiration, resulting in small airway collapse and air-
trapping during expiration. During inspiration, intrathoracic pressure is
negative, and small airways are pulled open by parenchymal attachments,
minimizing the effects of bronchoconstriction and inflammation. In contrast,
restrictive pulmonary disease will produce rapid, shallow respiration with pro-
longed inspiratory and abbreviated expiratory phases of respiration. Pleural
effusion, pneumothorax, and diaphragmatic hernia are examples of extra-
pulmonary restrictive disorders that prevent pulmonary expansion. Pulmonary
fibrosis and granulomatous pneumonitis are intrapulmonary restrictive dis-
eases producing difficult inspiration, exaggerated elastic recoil, and rapid,
shallow respiration.



Examination of the Upper

Respiratory Tract

Most clinicians begin physical examination of the respiratory tract at the head
of the horse:

¢ The character, frequency, and lateralization of nasal discharge may reveal
the origin.

¢ Inspiratory noise is a hallmark sign of upper airway obstruction.

¢ Abnormalities of the maxillary sinus may present with unilateral nasal dis-
charge, facial deformity, and/or epiphora.

The nares are evaluated for nostril flare, nasal discharge, and equivalent air-
flow. Nostril flare is observed in horses with respiratory distress originating
from the upper or lower respiratory tract. As described above, a prolonged
phase of inspiration, paired with an inspiratory noise is the hallmark of ob-
struction of the URT. Respiratory noise can be characterized as stridor, roaring,
or snore. Respiratory stridor is a high-pitched inspiratory noise associated with
pharyngeal obstruction due to retropharyngeal abscess, arytenoid chondritis,
bilateral laryngeal paralysis, pharyngeal collapse (hyperkalemic periodic paral-
ysis), or pharyngeal mass. Roaring is a specific term referring to the short, low-
pitched respiratory noise observed during exercise in horses with left laryngeal
hemiplegia (LLH). Horses with “roaring” are exercise-intolerant, but do not
demonstrate respiratory noise at rest. Snoring is a low-pitched sound observed
during inspiration originating from the nasal passages. Nasal septal dysplasia
and nasal masses induce a snoring sound during inspiration. Dorsal displace-
ment of the soft palate produces a characteristic guttural, low-pitched flutter-
ing sound during exercise, and is associated with exercise intolerance. In most
instances, the origin of noise from the URT can be identified by endoscopic
examination.
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Nasal discharge is characterized as serous, mucoid, purulent, hemorrhagic,
or feed contaminated. Serous nasal discharge is observed in horses with viral
respiratory infections and allergic rhinitis. Mucoid to purulent discharge indi-
cates increasing evidence of a primary or secondary bacterial respiratory infec-
tion. Fresh blood may originate from the URT (guttural pouch mycosis,
trauma) or LRT (EIPH). Brown (old hemorrhage), mucoid, malodorous dis-
charge occurs in horses with necrotizing pneumonia and ruptured pulmonary
abscess, both of which carry a poor prognosis. Copious nasal discharge
(saliva) contaminated with feed indicates an inability to swallow due to me-
chanical (choke) or functional (neurogenic) obstruction. Low-volume mucoid
nasal discharge that is discolored with feed material is consistent with low-
grade dysphagia and chronic aspiration (pharyngeal dysfunction). Unilateral
nasal discharge indicates that the origin of exudate is rostral to the caudal as-
pect of the nasal septum, and is most commonly observed in horses with uni-
lateral sinusitis or a nasal/ethmoidal mass. The guttural pouch openings drain
into the abaxial nasopharynx. Therefore, owners report nasal discharge to be
predominately unilateral, with occasional observation of exudate from the
contralateral nostril. Exudate originating from the guttural pouch is often ob-
served during grazing or after exercise. Bilateral nasal discharge may originate
from the LRT or bilateral URT infection. It is important to recognize that tra-
cheal exudate is often coughed up and swallowed in horses; therefore, the
presence of nasal discharge is inconsistent in horses with pneumonia. The ori-
gin of discharge can be definitively determined via endoscopic examination of
the upper respiratory tract.

Equivalent airflow through the nasal passages is detected by placing the
palms of your hands in front of the nares. Nasal masses (ethmoid hematoma)
are the most common cause of unequal airflow. The visible portion of the
nasal septum should be examined for fungal granulomas or amyloid plaques.
Horner’s syndrome produces poor to absent airflow ipsilateral to the ophthal-
mologic signs, due to vascular dilation and mucosal edema associated with the
loss of sympathetic tone to mucosal blood vessels. Airflow obstruction due to
Horner’s syndrome may be performance-limiting for athletic horses.

The maxillary and frontal sinuses are evaluated by gentle percussion over
the maxillary and frontal sinus areas. The maxillary is the largest sinus cavity
of the horse and the most likely to be diseased. The dorsal margin of the max-
illary sinus is a line drawn from the medial canthus of the eye to the nasoinci-
sive notch, and the rostral limit is the rostral aspect of the facial crest. The
caudal limit of the maxillary sinus is defined by an imaginary line drawn from
the middle of the orbit to the facial crest, and the ventral limit is parallel and
slightly ventral to the facial crest. The rostral limit of the frontal sinus is de-
fined by an imaginary line drawn at right angles from the midline to midway
between the medial canthus of the eye and the infraorbital foramen. The cau-
dal limit of the frontal sinus is at the level of the temporomandibular joint. The
lateral limit is a line drawn from the medial canthus to the nasoincisive notch.
Dull, hyporesonant percussion, pain, and/or unilateral nasal discharge are
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consistent with sinusitis, sinus cyst, or neoplasia. Characteristic malodorous
discharge is observed in horses with sinusitis secondary to tooth root abscess.
Sinus cyst and neoplasia may produce facial deformity, exophthalmia, and ip-
silateral epiphora (obstruction of the nasolacrimal duct). Patency of the naso-
lacrimal duct can be determined by retrograde lavage of the nasolacrimal duct,
or observation of fluorescein at the nasolacrimal opening after fluorescent
stain is placed in the eye (Jones test).

Submandibular lymph nodes are readily palpable in horses less than 24
months of age, but are difficult to detect in adult horses. Lymphadenopathy,
characterized by palpably discrete, firm, and moderately painful lymph nodes,
is observed in horses with viral respiratory disease. Markedly enlarged, coa-
lescing, painful submandibular lymph nodes should be considered suspect
Streptococcus equi infection, until proven otherwise. The abscessed lymph
nodes may have a palpable soft area, indicating impending rupture, or there
may be evidence that some lymph nodes have ruptured already. Markedly en-
larged, solid (homogenous via ultrasound, nonproductive aspiration) sub-
mandibular lymph nodes are observed in rare cases of multisystemic
lymphoma and mycobacterial or fungal infection of the URT.

Palpation of the larynx, pharynx, and proximal trachea is a relatively insen-
sitive measure (compared to endoscopic examination) for detection of abnor-
malities of these structures. Nonetheless, careful palpation of the cricoid
cartilage and muscular process of the larynx may identify atrophy of the
cricoarytenoideus dorsal muscle in horses with left laryngeal hemiplegia. The
“slap test” may provide additional evidence of LLH. This test is performed by
having the examiner palpate the left arytenoid cartilage, while an observer
firmly “slaps” the withers on the right side of the horse. The anticipated re-
sponse is adduction of the contralateral (left) arytenoid. In addition to LLH,
fourth branchial arch defect can also be detected by laryngeal palpation. An
abnormally wide gap can often be palpated between the caudal margin of the
thyroid and the rostral edge of the cricoid; in the normal larynx the two struc-
tures overlap. Detection of this palpable abnormality indicates additional in-
vestigation via endoscopic and radiographic examination.

Digital compression of the proximal trachea will elicit a cough in horses
with tracheal inflammation or irritation (inducible cough). Horses normally
have a high cough threshold and will not respond to this procedure. Inducible
or spontaneous coughing is a nonspecific response, and is observed in horses
with infectious and noninfectious respiratory disease. Paroxysmal coughing is
particularly common in horses with influenza. Influenza replicates within res-
piratory epithelial cells, denuding the mucuciliary apparatus and exposing ir-
ritant receptors in the submucosa. Auscultation of the trachea will reveal a
“tracheal rattle” in horses with exudate in the lumen of the trachea. Because
horses expectorate exudate, it is important for the clinician to detect tracheal
exudate via tracheal auscultation, rather than relying on the appearance of
nasal discharge.
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Examination of the Lower

Respiratory Tract

Physical examination of the lower respiratory tract provides diagnostic clues:

e Crackles are short, explosive sounds consistent with excessive exudate,
whereas wheezes are long, musical sounds indicative of bronchoconstric-
tion.

e Rebreathing procedure is performed to accentuate abnormal lung sounds
and identify lung borders.

e Thoracic pain may manifest as rapid, shallow respiration, abducted elbows,
or avoidance/objection to thoracic auscultation.

Physical examination of the lower respiratory tract relies primarily on tho-
racic auscultation. The caudal borders of the lung correspond to the following
landmarks: 17th intercostal space (ICS) at tuber coxae, 16th ICS at the tuber
ischii, 13th ICS at mid-thorax, 11th ICS at the point of the shoulder, and the
5th ICS at the point of the elbow. Horses should be examined at rest to detect
abnormal lung sounds, expanded pulmonary fields, or diminished pulmonary
fields. Abnormal lung sounds include crackles, wheezes, and pleural friction
rubs. Crackles are short, explosive sounds produced by airflow bubbled
through airway secretions (exudates), or sudden opening of a collapsed small
airway. Wheezes are long, musical sounds generated by oscillation of bron-
chial and bronchiolar walls in patients with bronchoconstriction. Pleural fric-
tion rubs are less commonly observed in horses compared to cattle. The sound
originates from rubbing of inflamed visceral and parietal pleura during the res-
piratory cycle. Horses typically produce effusion in response to inflammation;
therefore, pleural friction rubs are observed prior to formation of significant
effusion (peracute disease) or after drainage of the pleural cavity.

Expanded pulmonary fields are observed in horses with small airway ob-
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structive disease (particularly heaves), due to their strategy to breathe at high
lung volumes to maximize airway caliber. Diminished pulmonary borders are
observed in horses with numerous conditions, including (but not limited to)
pleural effusion, pneumothorax, pulmonary abscess, pulmonary consolida-
tion, atelectasis, and diaphragmatic hernia. Detection of borboygmi during
thoracic auscultation is common, and does not necessarily indicate the pres-
ence of a diaphragmatic hernia. Thoracic percussion and ultrasonographic ex-
amination is indicated in horses with diminished pulmonary borders to
differentiate these conditions.

A rebreathing procedure is performed to increase the rate and depth of res-
piration, accentuate abnormal lung sounds, or detect altered pulmonary bor-
ders. The procedure is performed by placing a large (40 L) plastic bag over
the entire muzzle of the horse, allowing the horse to rebreathe expired air,
thereby increasing PCO, and respiratory drive. In addition to auscultation
during the procedure, the clinician should subjectively evaluate time neces-
sary for recovery and induction of cough. Horses with normal respiratory
function rapidly recover from a rebreathing procedure by taking 3 or 4 deep
breaths. Rebreathing is contraindicated in horses with respiratory difficulty
or distress.

Thoracic percussion is performed using a large spoon and a rubber reflex
hammer. The clinician begins in the dorsal lung field, holding the convex sur-
faced of the spoon firmly against the surface of the horse in an intercostal
space. The hammer is tapped against the concave surface of the spoon, and the
clinician listens for a resonant sound generated by air-filled lung. Hyporeson-
ance indicates an absence of air-filled lung. The examiner progresses ventrally
along a single ICS, and the process is repeated at each ICS throughout all pul-
monary fields. The goal is to identify a region of hyporesonance indicating a
pulmonary or pleural abnormality. In horses with pleural effusion, thoracic
percussion can often identify a fluid line. Thoracic percussion should not be
performed in horses with pleural pain (pleurodynia). Horses with pleural pain
may stand with abducted elbows and demonstrate rapid, shallow respiration.
These horses may object to thoracic auscultation (bite, pin ears) or perform
evasive maneuvers to attempted auscultation.

Horses with pleuropneumonia demonstrate many of the clinical signs pre-
sented above, including pleural pain, diminished pulmonary fields, and a fluid
line on thoracic percussion. In addition, horses with pleural effusion (septic or
nonseptic) may have a plaque of edema in the ventral pectoral region due to
the weight of the fluid within the thoracic cavity. Cardiac sounds may be ab-
sent or radiating in horses with extensive pleural effusion.

Synchronous diaphragmatic flutter (“thumps”) is an uncommon respira-
tory pattern in which respiration is triggered by cardiac contraction. Thumps
is often observed in horses with moderate to severe derangement of acid-base
and serum electrolyte concentrations, specifically hypocalcemia, hypochlore-
mia, and metabolic alkalosis. The phrenic nerve travels over the base of the
right atrium. Electrolyte imbalance is hypothesized to produce irritability of
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the phrenic nerve, resulting in excitation of the nerve from cardiac stimulation.
The condition is observed in horses after long-distance, strenuous exercise (en-
durance racing, competitive trail, cross-country phase 3-day eventing) due to
electrolyte loss in sweat, blister beetle toxicity (marked hypocalcemia), and
hypocalcemic tetany.
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Noncontagious Diseases of

the Upper Respiratory Tract

Noncontagious respiratory diseases rank second only to musculoskeletal dis-
eases as a cause of poor performance or exercise intolerance in horses. Many
horses have problems involving more than one body system, and this makes
the determination of the relative importance of different conditions even more
complicated. Although upper respiratory tract conditions are common causes
of exercise intolerance in all breeds and types of performance horses, the fre-
quency of specific diseases and the degree to which each disease limits per-
formance can vary with breed, use, and age.
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Diseases Causing Airway

Obstruction in the Horse

Although many diseases of the upper respiratory tract will produce obvious
clinical signs at rest, many other conditions resulting in a functional obstruc-
tion of the airway will be apparent only at exercise. Accurate diagnosis of
some of these functional airway obstructions can be extremely difficult, and
may require examination of the horse during fast exercise. Racehorses have
the highest requirements for airflow, and, therefore, often show significant ex-
ercise intolerance with functional lesions that may not be apparent at rest. On
the other hand, horses that perform less strenuous work tend to require a
greater degree of airway obstruction before performance is affected, and these
diseases are more likely to be apparent at rest.

PATHOPHYSIOLOGY

The horse is an obligatory nasal breather. The conchal scrolls of the nasal
chambers are anatomically simple, and the nasal meati are streamlined.
Despite these features, the upper airway accounts for the majority of the total
airway resistance during exercise. The resistance to airflow is inversely related
to the diameter of the airway, and small reductions in airway size lead to large
increases in airway resistance. Any increase in airway resistance requires an in-
crease in the work of breathing to generate the same airflow.

The movement of air through the respiratory tract is achieved by the cre-
ation of pressure gradients during inspiration and expiration. During inspira-
tion, the pressure within the lumen of the airways is lower than that within the
tissues of the walls of the tract and the external environment; this produces a
collapsing force on the airway wall. During expiration the gradients are re-
versed. The greater the work of breathing, the greater are the collapsing forces
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applied to the walls of the upper respiratory tract, such that during inspiration
at exercise a collapsing force as high as 40 cm H,O is present.

During quiet breathing, the upper respiratory tract, principally the nostrils
and larynx, provides 70-85% of the total resistance, but when required this can
be reduced to under 50% by the active dilation of the nares and larynx and by
straightening the airway. The structural rigidity provided by the conchal carti-
lages and the tracheal rings provides stability through much of the upper respi-
ratory tract, but in three important areas of the airway—the nostrils, pharynx
and larynx—resistance to collapse is provided by active muscular dilation.
These three areas are the sites at which much of the resting airway resistance
occurs, and it is suggested that relatively minor lesions or dysfunction at these
sites of high resistance may significantly increase total resistance to airflow.
During exercise, full abduction of the rima glottidis (by the action of the intrin-
sic laryngeal musculature) is sustained through all phases of the respiratory
cycle and continues during the immediate post-exercise recovery period. Failure
of this function—for example, in laryngeal hemiplegia—leads to dynamic col-
lapse of the flaccid structures into the airway during inspiration, with resultant
restriction of airflow. Dynamic dysfunction at the level of the pharynx and lar-
ynx accounts for the majority of cases of obstructive dyspnea in athletic horses.

The horse is designed to be an obligatory nose-breathing animal and never
to breathe through its mouth. It has an intranarial larynx whereby the carti-
lages of the larynx are locked into the caudal wall of the nasopharynx by the
palatopharyngeal arch, which acts as an airtight seal. The palatal arch has to
disengage momentarily for deglutition, but at all other times the larynx re-
mains in its intranarial position.

RESPIRATION AND LOCOMOTION

At the walk, the trot, and when pacing, there is no fixed relationship between
locomotion and respiration. However, at the canter and gallop, a one-to-one
relationship exists, such that one respiratory cycle is completed in the time taken
for one stride. At these paces, inspiration occurs during the extensor phase of
the forelimbs. Conversely, expiration occurs during the weight-bearing phase
of the forelimbs.

Horses may need to swallow during exercise, and respiration cannot con-
tinue through deglutition; it is suspended after the inspiratory phase, and re-
sumes with expiration on completion of swallowing. For horses at the canter
and gallop, deglutition must be completed exactly in the time taken for a
whole number of strides, usually one.

RESPIRATORY NOISE

When horses are exercised, the process of inspiration should be silent to the
unaided human ear. In contrast, vibrant sounds generated by the alar folds fre-



3 / Diseases Causing Airway Obstruction in the Horse 15

quently make expiration a noisy process—“high blowing.” Airway obstruc-
tions lead to the generation of increased noise as a result of tissue vibration
and turbulent airflow. Thus, the identification of an abnormal noise during ex-
ercise suggests that an airway obstruction is present, and it increases the like-
lihood that airway obstruction is responsible for exercise intolerance. Noise
generated only during inspiration suggests a dynamic obstruction that occurs
only during the negative pressures generated on inspiration. These negative in-
spiratory pressures promote airway collapse, vibration, and noise. During ex-
piration, in contrast, positive pressures tend to dilate the airway, moving the
obstruction out of the way; the noise will therefore be less or absent during ex-
piration. In contrast, a fixed obstruction is likely to limit airflow during both
inspiration and expiration, resulting in noise during both phases of respira-
tion. The level of exercise needed to generate the abnormal noise, and the du-
ration or persistence of noise can also provide valuable information. A noise
that suddenly appears and suddenly disappears, for example, suggests a tran-
sient obstruction.

DIAGNOSIS OF AIRWAY OBSTRUCTIONS

Horses are presented for respiratory assessment at pre-purchase examinations
and because of nasal discharge, abnormal respiratory noises, acute and
chronic coughing, prolonged post-exercise tachypnea, fatigue at exercise, and
poor performance.

History
In the context of poor performance, it is important to discover whether the
performance is unproven and may result from an inherent lack of ability, or
whether the patient has been an effective athlete but is no longer successful.
Prior to commencing an examination of the upper respiratory tract the bod-
ily condition of the patient should be noted. Overweight, unfit horses are in-
clined to produce “stuffy” respiratory noises resulting from pharyngeal flacci-
dity. Vital parameters should be obtained, nasal discharge noted, and regional
lymph nodes palpated for evidence of current upper respiratory infections.

Palpation tests

During the examination at rest, the larynx is palpated to detect for cartilagi-
nous abnormalities, atrophy of the intrinsic musculature, and evidence of pre-
vious surgery. The slap test and arytenoid depression test are performed during
laryngeal palpation. The trachea is palpated to detect disruption of the normal
ring architecture by previous trauma or surgery. Congenitally flattened rings
may also be detected.

Endoscopy at rest
An endoscopic examination should be performed in the unsedated horse in a
systematic manner, and a standard routine is recommended. The examination
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should include both nasal chambers, the nasopharynx, guttural pouches,
epiglottis, soft palate, larynx, and trachea. Apart from the overall conforma-
tion of the lumen of the airway, the relationships between structures such as
the soft palate and epiglottis should be noted, and the resting movements of
the larynx observed. The vocal cords and saccules are examined for evidence
of previous surgery. Note is made of the presence, character (serous, mucoid,
purulent, serosanguinous), and origin (unilateral, bilateral, submandibular) of
discharge. During the examination, the patient is stimulated to swallow on
several occasions in order to provide the best opportunity to identify anom-
alies that may not be consistently visible, such as epiglottal entrapment and
small subepiglottic cysts. Normal swallowing causes a quick maximal abduc-
tion of the arytenoids, and the epiglottis is maintained dorsal to the soft palate
at the conclusion of a swallow. The endoscope is passed into the trachea to de-
termine the presence of discharge or aspirated food material. It is common for
the horse to have its palate displaced when the endoscope is retrieved from the
trachea into the pharynx, giving the examiner the opportunity to assess the
free edge of the palate. However, the horse should replace the palate quickly
by swallowing when the endoscope is back in the pharynx.

Manual occlusion of the nostrils forces the horse to create more negative in-
spiratory pressures in the airway, and this may aid in the identification of dy-
namic airway collapse. The duration of occlusion is variable, and is often
dependent on the temperament of the horse. Young horses and fatigued horses
will easily and frequently displace their palates. Some clinicians favor the ad-
ministration of lobeline (0.3 mg/kg, IV) to stimulate increased respiratory ef-
fort as a means of assessing laryngeal and pharyngeal function more fully.

Radiographic examination

Radiographic examination of the upper respiratory tract can provide addi-
tional diagnostic information, particularly to reveal structures obscured from
endoscopic view, such as the tissues ventral to a permanently displaced soft
palate.

Exercise tests

All ridden and lunged exercise tests to detect respiratory sounds should include
a canter in both directions in a confined area. A ridden test is preferred, be-
cause in a collected canter the poll is flexed and the resultant curvature of the
airway exaggerates untoward respiratory noises. Any adventitious noises can
be timed with respect to the phase of the respiratory cycle—i.e., inspiratory
versus expiratory.

Treadmill endoscopy

Dynamic obstructive lesions of the upper respiratory tract may not be appar-
ent at rest, and endoscopic examination during exercise on a high-speed tread-
mill is necessary to achieve the diagnosis. Comparison of the results of resting
endoscopy and findings during exercise suggests that diagnosis at rest yields a
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significantly inaccurate result in as much as 50% of cases. Treadmill exercise
also gives the opportunity for simultaneous physiological tests, not only to as-
sess whether the anomalies observed endoscopically are compromising respi-
ratory function but as the means to test the efficacy of surgical methods of
correction.

Spectrum analysis of respiratory sounds
There is renewed interest in the spectral analysis of respiratory sounds
recorded in the exercising horse by a microphone suspended in front of the
horse’s nose or strapped over the trachea. Certain airway abnormalities may
produce characteristic sound bands or formants.
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The Nasal Cavity and

Paranasal Sinuses

ANATOMY

Besides serving as a conduit for airflow, the primary functions of the nasal cav-
ity and paranasal sinuses are to warm, humidify, and remove particulate debris
from inspired air prior to exposure to the lower respiratory tract. In addition,
the mucosal surface of the nasal passages and paranasal sinuses provides the first
line of immunologic defense against inspired pathogens. Consequently, these
structures are a complicated network of discrete, communicating chambers de-
signed to maximize the mucosal surface area of the upper respiratory tract.

Nasal cavity

The nasal cavity is the first segment of the respiratory tract, and along with the
paranasal sinuses, is encased within the facial bones of the skull. It is separated
from the mouth ventrally by the palate. The external nares (nostrils) represent
the rostral limit of the nasal cavity, and the caudal limit is the posterior nares
or choanae that communicate with the pharynx.

The widely spaced nostrils are supported medially by the alar cartilages.
The nostrils contribute more than 50% to the total resistance to flow of the
entire upper respiratory tract during quiet breathing. This can be reduced con-
siderably by active dilation during exertion. The C-shaped alar cartilages,
back-to-back at the midline, provide rigidity for the otherwise soft structures
of the external nares. Dilation of the nostril margins is achieved through the
action of the nasolabialis muscles, which receive their motor supply through
the dorsal buccal branches of the facial nerves. The alar folds, which attach to
the ventral conchus, mark the dorsal margin of the airway through the nasal
vestibule. Dorsal to the alar fold there is a blind cutaneous pouch called the
“false nostril” (or nasal diverticulum).
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The nasal cavity is divided into two halves by the nasal septum and vomer
bone. The nasal septum is composed of hyaline cartilage that merges with the
ethmoid bone at the caudal end of the nasal cavity. The nasal septum extends
from the rostral limit of the nasal cavity to the ethmoidal labyrinth. Its ventral
border rests in a groove in the vomer bone caudally, and on the palatine
processes of the incisive bones rostrally. Its dorsal margin is attached to the
frontal and nasal bones. The septum is covered by respiratory epithelium, and
in the ventral part there is an abundant venous plexus.

The two nasal conchae or turbinates arise from the lateral walls of the nasal
cavity and divide the cavity into the dorsal, middle, and ventral nasal meati.
The conchae are composed of delicate scrolls of bone that coil in opposite di-
rections medially toward the midline. The conchae occupy much of the vol-
ume of the nasal cavity. The dorsal concha is larger, and its caudal part
communicates with the frontal sinus. The rostral part of the dorsal concha is
divided by septa into several independent cavities or cells, each of which has a
separate opening into the middle nasal meatus. The ventral concha is smaller,
and its caudal part is in direct communication with the rostral maxillary sinus.
The rostral part of the ventral concha is also divided into separate cavities or
cells. At the level of the first cheek tooth, the rostral ends of both conchae are
attached to prominent and highly vascular folds of mucous membrane.

The ventral nasal meatus is the largest of the three meati, and is the pre-
ferred route for passage of a nasogastric tube or endoscope. The ventral nasal
meatus leads directly to the nasopharynx through the choanae. Each choana
is a horizontal opening caudal to the caudal edge of the hard palate and sepa-
rated from the other choana by the vomer bone.

The ethmoidal labyrinth projects rostrally into the nasal cavity from the
cribiform plate. The labyrinth is made up of numerous, delicate scroll-like
bones, called the ethmoturbinates or ethmoidal conchae.

The mucous membrane of the nasal cavity is lined by a pseudostratified
columnar epithelium with numerous goblet cells. Rostrally, this epithelium
merges with the skin of the nostrils and vestibule. Numerous mucoserous
glands lie within the mucous membrane. The caudodorsal parts of the nasal
cavity are covered by a thicker olfactory epithelium.

Paranasal sinuses

The paranasal sinuses are extensive air-filled spaces lined by a respiratory ep-
ithelium. Goblet cells and mucus glands are abundant. The normal removal of
mucus is a dynamic process depending on mucociliary flow to the drainage
ostia that do not lie at the lowest points in the sinuses. Once the nasal meati
are reached, mucus is lost by a combination of evaporation and further mu-
cociliary flow toward the nasopharynx.

There are five main paired paranasal sinuses (Fig. 4.1):

1. Frontal/conchofrontal
2. Caudal maxillary
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Fig. 4.1. Line drawing of the location of the paranasal sinuses of the horse. A. Lateral
projection: 1 = rostral maxillary sinus; 2 = caudal maxillary sinus; 3 = sphenopalatine
sinus; 4 = frontal sinus; 5 = in?r/oorbito| foramen. B. Dorsal projection outlining access
to paranasal sinuses for percutaneous centesis: 1 = rostral maxillary sinus; 2 = caudal
maxillary sinus; 3 = dorsal conchal sinus; 4 = frontal sinus; 5 = infraorbital foramen,
from which the infraorbital canal projects between the maxillary sinus and the dorsal
conchal sinus; black oval = frontomaxillary opening.
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3. Rostral maxillary
4. Ethmoidal
5. Sphenopalatine

The frontal sinus has a large communication at its rostral end with the dor-
sal conchal sinus, and it combines with the dorsal conchal sinus to form the
conchofrontal sinus. Drainage takes place through the frontomaxillary fora-
men into the caudal maxillary sinus. The two frontal sinuses are separated
along the midline by a bony septum. The rostral limit of the frontal sinus is at
a line drawn at right angles from the midline to midway between the medial
canthus of the eye and the infraorbital foramen. This corresponds to the point
at which the nasal bones lose their parallel course and diverge toward the
orbit. The caudal limit of the frontal sinus is at the level of the temporo-
mandibular joint. The lateral limit is a line drawn from the medial canthus to
the nasoincisive notch. The ethmoidal labyrinth projects into the floor of the
frontal sinus between the orbits.

The maxillary sinus is divided into the rostral maxillary sinus and the cau-
dal maxillary sinus. These cavities represent the largest paranasal sinus in the
horse. The dorsal margin of the maxillary sinus is a line drawn from the me-
dial canthus of the eye to the nasoincisive notch. The rostral limit is at the level
of the rostral end of the facial crest. The caudal limit is at a line drawn from
the middle of the orbit to the facial crest. The ventral limit is parallel and
slightly ventral to the facial crest. In young horses (less than § years of age),
the maxillary sinuses are largely filled with the reserve crowns of the 3rd to
6th cheek teeth (4th premolar, and 1st, 2nd, and 3rd molars). As the horse ages
and the cheek teeth become shorter, so the maxillary sinus enlarges and its ros-
tral limit approaches the infraorbital foramen. The position of the bony sep-
tum between the rostral and caudal maxillary sinuses is variable, but it is
usually directed obliquely across the roots of the 4th and S5th cheek teeth,
about 5 cm from the rostral end of the facial crest. The dorsal part of the sep-
tum is formed by the caudal bulla of the ventral conchal sinus.

The rostral maxillary sinus is divided into a lateral bony and a medial
turbinate portion within the ventral conchus (ventral conchal sinus). They are
separated by the infraorbital canal and a sheet of bone joining it ventrally to
the roots of the cheek teeth. In the young horse the lateral bony compartment
is largely occupied by the roots of the cheek teeth, and regardless of age,
the ventral conchal sinus is not easily accessible for surgery other than via the
floor of the conchofrontal sinus. The long slit-like communication between the
lateral compartment and the ventral conchal sinus is called the conchomaxil-
lary opening. The rostral maxillary sinus has an independent narrow drainage
ostium that merges with the drainage aperture from the caudal maxillary sinus
into the middle nasal meatus. The roots of the 3rd cheek tooth form the ros-
tral wall of the rostral maxillary sinus.

The caudal maxillary sinus is larger than the rostral maxillary sinus. It has
a large opening into the sphenopalatine sinus caudal and medial to the infra-
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orbital canal. It also has a small opening into the middle conchal sinus. Dor-
sally, the caudal maxillary sinus communicates with the frontal sinus through
the frontomaxillary opening; this is a large oval opening measuring approxi-
mately 4 x 3 cm. The nasomaxillary opening is a compressed passageway be-
tween the caudal maxillary sinus and the middle nasal meatus. It is situated
between the rostral edge of the frontomaxillary opening and the caudal bulla
of the ventral conchal sinus; this corresponds to the level of the medial can-
thus of the eye. The ethmoidal and sphenopalatine sinuses also drain via the
caudal maxillary sinus into the middle nasal meatus.

The sphenopalatine sinus is a diverticulum of the caudal maxillary sinus. It
lies beneath the ethmoidal labyrinth. Several vessels and nerves course through
the sphenopalatine sinus, including the optic nerve.

Blood flow to the frontal sinus is mainly from the ethmoidal artery. The
maxillary sinus is supplied by the sphenopalatine artery.

Function

The major functions of the nasal cavity are airflow, warming, moistening and
filtration of air, and olfaction. The horse is an obligate nasal breather, and is
normally unable to breathe through the mouth. Up to 80-90% of total airway
resistance is located within the nasal cavity, most of which is at the level of the
nostrils. Airflow through the meati may be enhanced by vasoconstriction of
vessels in the ventral conchae and nasal septum.

EXAMINATION OF THE NASAL CAVITY AND
PARANASAL SINUSES

Examination of the nasal cavity and paranasal sinuses can include observing
common presenting signs; obtaining an accurate history; physical, endoscopic,
and radiographic examinations; computed tomography (CT) and magnetic
resonance imaging (MRI); nuclear scintigraphy; percutaneous centesis, and
surgical exploration and biopsy.

Common presenting signs

The clinical signs of nasal and paranasal sinus diseases almost invariably include
a nasal discharge, which may be mucoid, purulent, hemorrhagic, or a combina-
tion of these. There may also be facial swelling and obstructive dyspnea. Some
expansive lesions in this area will displace orbital tissues resulting in exophthal-
mos but it is exceptional for a sinus disorder to extend caudally into the cranium
to provoke central nervous signs. The intranasal structures are richly vascular;
therefore, traumatic injury and invasive conditions frequently produce epistaxis.

History
An accurate history, including the duration of the problem, previous surgery
or trauma, previous treatments and effects of the condition on exercise toler-
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ance should be obtained. Note should be made of possible contact with con-
tagious respiratory disease. It is unusual for sinusitis to be bilateral, and it is
logical that the discharge will be largely unilateral when its origin lies proxi-
mal to the caudal limit of the midline septum. When a horse is presented with
unilateral epistaxis, inquiries should be made regarding associations with ex-
ercise to eliminate a diagnosis of exercise-induced pulmonary hemorrhage.
Epistaxis due to guttural pouch mycosis may be acute and, even if episodic,
the course of the history is unlikely to exceed 3 weeks. A diagnosis of progres-
sive ethmoidal hematoma is more likely to be correct when episodes of epis-
taxis span a longer period, especially if the blood is not fresh. A fetid nasal
discharge indicates suppuration, but this could arise from a wide range of
chronic nasal or sinus lesions.

Physical examination

The nostrils and external parts of the nasal passages are viewed from directly
in front of the horse to determine asymmetry of size or shape, and asymmetry
of movement (especially after exercise). Discharge is noted, and airflow at each
nostril compared to assess obstruction of the nasal meati. Each nostril can be
obstructed in turn to assess airflow on the other side. The nostrils, alar fold,
and alar cartilages should be palpated. The facial bones are inspected for evi-
dence of deformity of the supporting bones through swelling or trauma.
Percussion of the walls of the paranasal sinuses is an unreliable technique, but
increased resonance may be perceived when the walls become thin, or dullness
may develop when the sinuses are completely filled by fluid or soft tissue.
Percussion is performed by sharply tapping the fingers of one hand against the
overlying bone. The corresponding area on the opposite side is immediately
percussed afterwards for comparison. If the horse’s mouth is held open simul-
taneously, resonance increases and abnormalities may be easier to detect.

Endoscopic examination

Endoscopic examination of the nasal area can be performed by conventional
passage of the instrument into the nasal meati and, if indicated, direct inspec-
tion of the paranasal sinus contents through small trephine holes. Endoscopy
is best performed on the standing horse because orientation is straightforward;
nasal tissues of the recumbent animal become discolored and engorged.

The nasal meati are examined for evidence of narrowing, conchal disten-
sion, or abnormal masses. The region of the sinu-nasal drainage ostium in cau-
dal middle meatus is assessed for evidence of discharge. The ethmoidal
labyrinth is examined for evidence of an abnormal mass that might be indica-
tive of progressive ethmoidal hematoma. The mucous membranes of the con-
chae are examined for evidence of mycotic plaques, ulceration, hemorrhage,
Or Necrosis.

Direct sinus endoscopy can be performed via a trephine hole using a flexi-
ble endoscope or an arthroscope. Abnormalities that can be identified by this
technique include empyema, dental periapical reactions, mycosis, and progres-
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sive ethmoidal hematoma. A small trephine hole can be made into the fronto-
conchal sinus (50-60% of the distance between the midline and the medial
canthus of the eye) or into the caudal maxillary sinus (2.5-3.0 cm dorsal to the
facial crest, 2.5-3.0 cm rostral to the orbit) to allow entry of the endoscope
(see Fig. 4.1). A second portal can be made to allow insertion of biopsy for-
ceps or a Ferris-Smith rongeur, which is used to create an opening into the ven-
tral conchal sinus. Thus, introduction of the endoscope into the frontal sinus
provides access to the ventral conchal or rostral maxillary sinus. The proce-
dure of direct sinus endoscopy is limited in cases where the sinus is filled with
exudate or blood.

Radiographic examination

The contrast provided between bone and air renders the nasal chambers and
paranasal sinuses excellent candidates for radiographic diagnosis. Lateral, lat-
eral oblique, lesion-oriented oblique, and ventro-dorsal views can be obtained.
The typical radiographic signs of nasal and paranasal sinus disease include

¢ Free fluid interfaces in the sinuses (Fig. 4.2)

¢ Loss of normal air contrast through substitution by fluid or soft tissue

e Depression or elevation of the supporting bones of the face

e Distortion of normal structures, such as the tooth roots, sinus walls, mid-
line septum, and infraorbital canals

Computed tomography (CT) and magnetic resonance

imaging (MRI)

Computed tomography and MRI provide considerable additional diagnostic
information regarding the nasal and paranasal sinus diseases. Multiplanar im-

Fig. 4.2. Lateral radiographic projections of the skull demonstrating a fluid line in the
caudal maxillary sinus above the 6th upper cheek tooth.
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ages, without superimposition of overlying structures, allow the clinician to
view the exact location, extent, and condition of adjacent structures in horses
with masses, infection, or trauma to the nasal passages and paranasal sinuses
(Fig. 4.3). However, the expense, necessity for general anesthesia, and lack of
availability of this technology limits its use to referral facilities.
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Fig. 4.3. Computed tomographic images of a horse with a retrobulbar neoplastic
mass invading the ethmoidal conchae and the calvarium at the level of the frontal lobe.
The extent of the sinus mass is denoted by the white arrows (A), and invasion of the
calvarium is denoted by the black arrows (B).
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Nuclear scintigraphy

The diagnosis of dental periapical disease and determination of which tooth
root is involved is not always straightforward. Radiographic changes may be
subtle, and the superimposition of other structures on standard views makes
the interpretation of radiographs difficult, especially in early dental disease.
Because many disorders are associated with pathological change in adjacent
bone, nuclear scintigraphy can be helpful in confirming the presence of dental
disease and in determining which tooth root is diseased. Often the combina-
tion of results of both radiography and scintigraphy are necessary.

Percutaneous centesis

Fluid samples may be obtained from the frontal or maxillary sinuses of stand-
ing horses, using local anesthesia. Following aseptic skin preparation, a 1 cm
long incision is made in the skin and subcutaneous tissues, and a sterile
2-4mm diameter Steinmann pin attached to a Jacob’s chuck is used to pene-
trate the thin bone plate overlying the sinus cavity. A small sterile catheter can
then be passed into the sinus to permit aspiration of a sample of fluid. Lavage
with a small volume of sterile saline may be necessary to obtain an adequate
sample in cases where the fluid is very viscous. The fluid sample can be used
for cytological examination, Gram stain, bacteriological culture, and sensitiv-
ity testing. The same technique can be used to permit flushing of the sinus; as
long as the nasomaxillary drainage aperture is patent, instillation of large vol-
umes of fluid into the sinus will result in drainage out of the nose.

If the horse has long-standing sinus disease and facial swelling, the overly-
ing bone plate is frequently very thin and a 16 gauge needle may be used to
penetrate the bone without prior drilling. The sites for centesis are determined
by clinical and radiographic findings, but in general they are similar for those
used for direct sinus endoscopy. For the caudal maxillary sinus, a site 2.5-3
cm dorsal to the facial crest and 2.5-3 cm rostral to the medial canthus is used.
If the rostral maxillary sinus is to be sampled, a site 3 cm dorsal to the facial
crest and approximately 3 c¢m caudal to the infraorbital foramen is selected
(see Fig. 4.1).

Surgical exploration and biopsy

Even after full endoscopic and radiographic investigations, surgical explo-
ration may be required before a specific diagnosis can been made. Suspect tis-
sues may be biopsied to differentiate neoplastic disorders from other disease
processes.

TREATMENT OBJECTIVES IN NASAL AND
SINUS DISEASE

The treatment objectives for horses with nasal cavity and paranasal sinus dis-
ease can be summarized as follows:
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1. Accurate diagnosis of the primary disorder and removal of diseased tissue
2. Restoration of the normal drainage mechanisms or the creation of alterna-
tive drainage through a sinu-nasal fistula

3. Adequate visibility within the sinuses and nasal meati for accurate diagno-
sis and surgery

. Control hemorrhage during surgery and recovery

. A secured airway during surgery and recovery

. Facilities for topical postoperative treatments and monitoring progress

. Early return to exercise

. An esthetic cosmetic outcome

o NN N \»Li A

MEDICAL MANAGEMENT

Nonsurgical treatments for sinusitis include antibiotics, mucolytics, steam in-
halations, volatile inhalations, and controlled exercise. The objective is the re-
turn of normal mucociliary clearance. Most cases of simple primary sinusitis
will be resolved either naturally or with minimal veterinary assistance, pro-
vided that the necessary supportive management is instituted promptly.

TREPHINATION OF THE PARANASAL SINUSES

Trephination allows limited access to the paranasal sinuses. The procedure can
be performed in the standing, sedated horse to allow direct endoscopic exam-
ination, aspiration, lavage, biopsy, and limited surgical procedures. In cases of
maxillary sinusitis, the bony septum between the rostral and caudal maxillary
sinuses can be broken down via trephine holes, and this improves drainage
from and between the sinus cavities. Irrigation and topical antibiotic infusions
are used to help clearance of stagnant mucus and eliminate secondary infec-
tion. Indwelling balloon catheters provide a means for daily irrigation until
discharge to the nostril ceases. Tooth repulsion can be performed through a
trephine hole with the horse placed under general anesthesia.

For generalized sinusitis, a trephine hole can be placed into the frontal sinus
at a point midway between the medial canthus of the eye and the dorsal mid-
line of the skull (see Fig. 4.1). For specific trephination of the frontal portion
of the frontal sinus, the landmarks are 4 cm from midline on a line joining the
supraorbital processes. For the conchal portion of the frontal sinus, a site 5 cm
from the midline at a level 3-4 ¢cm caudal to the rostral end of the facial crest
can be used. The preferred site for trephination is into the caudal maxillary
sinus in the angle formed between the margin of the bony orbit and the facial
crest. The rostral maxillary sinus is less available for simple trephination, es-
pecially in young horses where the lateral compartment is largely occupied by
the roots and reserve crowns of the 3rd and 4th cheek teeth. A point 2.5 cm
caudal and 3.5 ¢cm dorsal to the rostral limit of the facial crest allows access
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to the rostral maxillary sinus in older horses. In young horses, a site at the level
of the infraorbital foramen and 2 cm caudal to the end of the facial crest al-
lows access to the ventral conchal sinus over the infraorbital canal.

Following routine skin preparation, the chosen site for trephination is infil-
trated subcutaneously with local anesthetic solution. A circle of skin is marked
with the trephine and excised with a scalpel, along with the subcutaneous tis-
sue and fascia. The trocar point of the trephine is used to drill a small hole in
the bone that stabilizes the trephine as it is rotated to cut through the bone.
The plug of bone is removed, thereby allowing direct access to the sinus cav-
ity. The trephine hole will heal by granulation, and usually closes within 21-30
days. To prevent premature closure, the hole can be plugged with a rolled plug
of sterile gauze.

BONE FLAP SURGERY

Bone flap techniques allow greater access to the sinus cavities than can be
achieved via trephine holes. Frontonasal or maxillary flap surgery is required
for extensive excisional procedures, such as the removal of sinus cysts, pro-
gressive ethmoidal hematomas, and selected tumors, as well as for the relief of
chronic sinusitis. In the face of chronic sinusitis, sinus cyst, and progressive
ethmoidal hematoma, the natural drainage system of the sinuses may be phys-
ically obstructed. Fistulae can be made to improve drainage in such cases.
These include removal of the floor of the conchofrontal sinus and the medial
wall of the ventral conchal sinus so that there is free communication between
the sinus cavities and the nasal meati. Additional drainage from the caudal
maxillary sinus is achieved by removal of the septum, dividing it from the ros-
tral maxillary sinus. The bulla of the rostral maxillary sinus may bulge cau-
dally into the caudal maxillary sinus when it is inflated by purulent exudate,
and it can easily be broken down. In older horses, a secondary fistula through
the bone plate ventral to the infraorbital canal provides communication be-
tween the lateral bony compartment and the ventral conchal sinus.

A variety of different surgical techniques for bone plate surgery have been
described, but basically the surgical choice is between a fronto-nasal flap and
a lateral (maxillary) flap (Fig. 4.4). Lesser decisions relate to the size and
shape of the bone flap, the direction in which the skin/periosteal flap is
raised, and whether to reject or preserve the bone flap. A frontonasal flap ap-
proach allows access to the conchofrontal and caudal maxillary sinuses; ad-
ditional dissection will allow access to the rostral maxillary sinus and ventral
conchal sinus. The lateral approach into the maxillary sinuses provides lim-
ited access, and it should be reserved for those instances where the disease
process is restricted to the maxillary compartments; older horses are most
suitable.

Although bone flap surgery is most commonly performed under general
anesthesia, a fronto-nasal flap approach has been described in the standing
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Fig. 4.4. Examrles of different bone flap configurations, showin? the line from the
medial canthus of the eye to the nasoincisive notch: caudally-based frontal flap (A) and
maxillary “up flap” (B).

horse. One advantage of performing this surgery in the standing patient is a
reduction in the amount of hemorrhage.

Incisions are made through skin and periosteum in the same plane before
the periosteum is peeled away from the underlying bone. The bone flap is best
fashioned with an oscillating saw, but handsaws or a series of trephine holes
can also be used. Once the sinus contents are exposed, the disease focus is
identified and removed. Pressure packing of the sinus cavities and nasal cham-
bers is essential to control hemorrhage on completion of the surgery and dur-
ing the initial recovery period. Sock-and-bandage packing consisting of lengths
of cotton bandage packed into tubular stockinette socks is suitable. The open
end of the stockinette is led to the nostril. Closure of the incision can be
achieved with a single layer of mattress sutures, but accurate alignment is re-
quired for the best cosmetic result in horses with natural facial markings.

Temporary bilateral carotid occlusion can reduce hemorrhage and improve
visibility during the intraluminal stages of sinus flap surgery. The advantages
in terms of hemorrhage control must be weighed against the disadvantages of
prolonging the surgery and the risk of iatrogenic damage to the vagosympa-
thetic trunks. A cuffed endotracheal tube is essential to protect the lower air-
ways from the inhalation of blood, purulent exudate, surgical debris, and
irrigation fluids during surgery.

A Foley balloon catheter implanted into the frontal or caudal maxillary si-
nuses offers a convenient route for postsurgical irrigation and medication.
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Blood clots and devitalized tissue are inevitably left after facial flap surgery,
and opportunistic infections, frequently mycoses, are likely. Balloon catheters
are therefore recommended as a routine to permit physical displacement of de-
bris by irrigation. The topical medication should include an antimycotic agent.
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Congenital and Developmental
Malformations of the

Nasal Cavity

Congenital and developmental malformations of the nasal cavity include wry
nose, nasal septal deviation, and choanal atresia/stenosis.

WRY NOSE

Wry nose is a congenital deformity of the nose resulting from gross foreshort-
ening of the premaxilla on one side. There is deviation of the maxilla, nasal
bone, incisive bone, and nasal septum to one side. There may be a correspon-
ding, but milder, deviation of the mandible. Malocclusion of the incisor teeth,
and sometimes premolar teeth, is present, and there may be an abnormal res-
piratory noise. Nursing may or may not be affected. The deformity is not
thought to be genetically transmitted but may be due to abnormal fetal posi-
tioning in utero.

In very mild cases, some spontaneous improvement can be expected with
time. In severe cases, surgical treatment can be considered. However, even rad-
ical surgery is unlikely to render the horse capable of serious exercise. Surgical
correction generally involves at least two procedures. The first stage is aimed
at correcting maxillary alignment by performing an osteotomy in the premax-
illa; Steinmann pins or an external fixator is used to stabilize the repair. A bone
graft may be used to repair the gap left in the maxilla. The second surgery in-
volves realignment of the nasal bone and nasal resection if necessary. The nos-
trils can also be enlarged as necessary.

33
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NASAL SEPTAL DEVIATION

Congenital deviation of the nasal septum is invariably present in cases of wry
nose but may also occur as an independent entity. It may not come to light
until the horse commences training and investigations into the cause of abnor-
mal respiratory noise take place. Permanent damage to the nasal septum has
also been recognized in foals where the halter has not been replaced and the
nose has outgrown the noseband. Occasionally deviation and damage to the
nasal septum may result from external trauma.

Clinical signs include stertorous breathing and dyspnea during exercise,
usually in young horses. The abnormal respiratory noise is usually loudest dur-
ing inspiration.

Digital palpation may indicate an abnormality of the rostral end of the
nasal septum. There may be a history of difficulty in passing a nasogastric tube
through one nasal passage. Although a diagnosis of septal deviation may be
suggested by endoscopy, the diagnosis can be confirmed only by radiography
in the ventro-dorsal plane showing that the septum is deviated away from the
midline position and/or abnormally thickened.

Septal resection is a feasible treatment for septal disorders in horses. Hem-
orrhage is profuse with this surgery, and a compatible blood donor should be
available. The nasal cavity is packed following resection of the septum, so a
temporary tracheotomy must be provided. The standard surgical technique
involves creating a trephine hole into the nasal cavity in the dorsal midline
immediately rostral to the frontal sinus (at the level where the nasal bones di-
verge from a parallel course toward the medial canthus of the eye). The nasal
septum is grasped with forceps inserted through the trephine hole. The ros-
tral end of the nasal septum is then incised in a vertical direction, and a
guarded chisel used to sever the dorsal and ventral attachments back to the
level of the forceps. The septum is then cut with a chisel along the line of the
forceps, and the freed septum is retrieved through the nostrils. The nasal cav-
ity is then packed with sterile gauze. Modifications of this technique involve
cutting the caudal part of the septum at an oblique angle to remove a greater
part of the caudal septum, and using obstetrical wire to make the horizontal
cuts in the septum.

An alternative technique involves resection of the septum via a bone flap.
A rectangular bone flap the same size as the portion of septum to be removed
is created. The dorsal attachments of the septum are cut with a saw. Forceps
are placed at the rostral and caudal limits of the portion of septum to be
removed, and vertical incisions made at these levels with a chisel. The ventral
attachments of the septum are then broken by rocking the septum back and
forth.

Postoperatively, the packing is removed after 48-72 hours. The nasal cav-
ity is lavaged through the trephine hole to remove blood and debris. The tra-
cheotomy tube can be removed at the same time.
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CHOANAL ATRESIA/STENOSIS

Choanal atresia or stenosis is a congenital obstruction or narrowing of the air-
ways at the level where the nasal meati meet the nasopharynx. This site corre-
sponds with location of the bucconasal membrane in the developing fetus.
This membrane should perforate and retract well before term so that the foal
can commence nose breathing immediately after birth. Persistence of the buc-
conasal membrane usually occurs as a membranous septum, and can be uni-
or bilateral. The membrane causes severe obstruction to nose-breathing with
no air movement through the diseased side. Bilateral cases may asphyxiate
rapidly, or the foal may learn to mouth-breathe.

Diagnosis is achieved by physical examination (lack of airflow through the
nostril on the affected side) and endoscopic examination. Contrast radiogra-
phy can also be used to delineate the deformity. Affected horses show limited
athletic capacity. Although surgical removal of the occluding membrane via a
frontonasal bone flap has been described, it is unlikely that the animal will be
capable of intense exercise. Stents may be placed for 6-8 weeks after surgery
to maintain patency of the airway. Repeated bougienage has also been sug-
gested as a possible treatment. Some affected foals will have other, concurrent,
congenital abnormalities, and a careful evaluation should be performed prior
to considering surgical treatment.
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Diseases Affecting the

Nostrils (External Nares)

HYPERTROPHY OF ALAR FOLDS/REDUNDANT
ALAR FOLDS

It is normal for the alar folds that form the floor of the false nostril to vibrate
during exhalation. This is the origin of the vibrant expiratory noise known as
“high blowing.” Occasionally, horses will produce a similar vibrant sound
during inspiration; this is considered to be abnormal. Excessive or thickened
alar folds, or a functional problem involving the transversus nasi muscle
(which normally elevates the alar cartilages and closes the nasal diverticulum
during exercise) have been proposed as causes.

Clinical signs include a biphasic harsh whistling or snoring noise during ex-
ercise. The expiratory noise is louder than the inspiratory noise. In most cases
there is no obvious effect on exercise tolerance, but in a few cases the flaccid
alar folds can cause a partial obstruction and increase upper airway resistance.
Confirmation that the origin of the noise lies at the alar folds is achieved by
placing full thickness mattress sutures from the skin at the dorsal aspect of the
nose across the openings of the false nostrils. The technique is performed
under local anesthesia so that the noise can be compared before and after su-
ture placement.

Treatment of hypertrophied or redundant alar folds consists of bilateral re-
section of the fold. The surgery is performed under general anesthesia.
Although the surgery can be performed through the external nares, the proce-
dure is more easily performed after incision of the lateral wall of the external
nares (i.e., via a rhinotomy). The alar fold is incised at its junction with the
lamina of the alar cartilage and dissected caudally to the caudal limit of the
nasal diverticulum. A second incision is made caudally from the medial attach-
ment of the alar fold to meet the previous incision. This results in resection of
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a portion of the cartilage of the ventral concha (medial accessory cartilage).
Copius hemorrhage is expected. The incision is sutured using a simple contin-
uous pattern with an absorbable suture material.

EPIDERMAL INCLUSION CYST (“ATHEROMA”) OF
THE FALSE NOSTRIL

Epidermal inclusion cysts are fluid-filled cystic structures located at the caudal
aspect of the nasal diverticulum. They are painless and can usually be seen at
the dorsal aspect of the nose, rostral to the naso-maxillary notch (Fig. 6.1).
Although the swellings can be sizable, they do not obstruct respiration and are
of cosmetic significance only. They are usually unilateral.

Cysts may be treated by drainage or surgical removal. However, treatment
is required only for cosmetic reasons. The cyst can be lanced through the nasal
diverticulum and allowed to heal by secondary intention. The cyst cavity may
also be thoroughly swabbed with a counterirritant, such as 2% tincture of io-
dine. Recurrence is common following these treatments. Surgical excision of

Fig. 6.1. Epidermal inclusion cyst (atheroma) located at the caudal aspect of the
nasal diverticulum (false nostril).



6 / Diseases Affecting the Nostrils (External Nares) 39

the cyst can be performed in the standing horse using local anesthetic infiltra-
tion or an infraorbital nerve block. The cyst is carefully dissected out via a lon-
gitudinal dorsal skin incision. Alternatively, the cyst can be removed via a
ventral approach inside the nasal diverticulum. Recurrence is improbable after
surgical excision.

LACERATIONS AND WOUNDS OF THE NOSTRILS

Wounds to the nostrils are common. Wherever possible, first intention healing
should be the primary aim of treatment. Wounds are debrided and wound edges
carefully apposed. Failure to achieve first intention healing may lead to signifi-
cant scarring and stenosis of the nostril. This is likely to have a significant effect
on upper airway resistance and may result in exercise intolerance. Treatment to
enlarge a stenotic nostril can be attempted using a double apposing Z-plasty.

ALAR CARTILAGE NECROSIS

Neglected penetration injuries of the alar cartilages may be followed by the ex-
tension of suppuration into the cartilage matrix. Careful resection of the dis-
eased tissue is required but loss of mechanical stability at this location
represents a serious complication.

PARALYSIS OF THE NOSTRILS

The facial nerve (cranial nerve VII) is predominantly motor innervating the
muscles of facial expression. It innervates the muscles that retract the walls of
the nostrils and collapse the nasal diverticulum. Damage to this nerve there-
fore results in an inability to dilate the nostril during exercise and deep inspi-
ration. Facial paralysis is generally recognized as a drooping of the ear and
lips, ptosis of the upper eyelid, retraction of the nose toward the unaffected
side, and protrusion of the tongue out of the affected side. Facial nerve paral-
ysis can have numerous causes, and may occur as a result of either central or
peripheral damage. The prognosis depends on the underlying cause. In cases
of permanent paralysis, improvement of airflow and exercise tolerance can be
achieved by surgical resection of the skin over the nostrils along the edges of
the nasoincisive notch and removing the alar folds.
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Diseases of the Nasal Cavity

and Paranasal Sinuses

PRIMARY AND SECONDARY SINUSITIS AND
SINUS EMPYEMA

Sinusitis may be primary (associated with stagnation of mucus due to defec-
tive mucociliary clearance) or secondary (most commonly due to dental peri-
apical disease):

¢ (Clinical signs include a unilateral mucopurulent or purulent nasal dis-
charge, which may be malodorous.

¢ Facial swelling and nasal occlusion may occur.

¢ Diagnosis is made on the basis of the clinical signs, endoscopy, and radi-
ography.

¢ Early cases of primary sinusitis may respond to antibiotic therapy.

¢ Established cases of primary sinusitis require irrigation of the sinuses via a
catheter implanted through a trephine hole.

¢ Chronic cases may require facial bone flap surgery to permit evacuation of
inspissated pus, and fistulation to aid drainage into the nasal cavity.

e The primary disease must be treated (usually tooth extraction) in secondary
sinusitis.

Primary sinusitis and empyema result from the stagnation of mucus in the
sinuses due to damage to the dynamic mucociliary clearance system. Most
commonly, this is initiated by infection with upper respiratory tract viral
agents or Streptococcus spp. Initially the dependent portions of the sinuses fill
with mucus that passively spills through the drainage ostia into the nasal
meati. Secondary bacterial infection follows, exacerbating the mucosal inflam-
mation and leading to purulent exudation. Hyperplasia of the sinus lining is a
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feature of sinusitis; this narrows the drainage ostia and further impedes mu-
cociliary clearance. Inspissation of purulent exudate develops in the later
stages, which further occludes the ostia. The conchal walls of the sinuses are
not rigid, and in the face of obstructed drainage there is a tendency for them
to expand and to obstruct the nasal airways.

Secondary (dental) sinusitis is a sequel to dental periapical suppuration. The
roots of the 3rd to 6th maxillary cheek teeth lie within the maxillary sinuses
and are covered by a thin layer of alveolar bone and mucosa. Whenever these
teeth are devitalized by fracture or infundibular necrosis there is the possi-
bility of secondary sinusitis. Older ponies with Cushing’s disease appear to
be predisposed to chronic or recurrent sinusitis, either as a consequence of
periodontitis and/or associated with immunosuppression due to hyperadreno-
corticism.

Clinical signs

In the acute stages, primary sinus empyema produces a mucoid-based, unilat-
eral nasal discharge. As the condition becomes more chronic, the discharge be-
comes more purulent and malodorous. The discharge of secondary (dental)
sinusitis is invariably purulent and often malodorous. It is generally less pro-
fuse than with primary empyema. Occasionally, sinus tracts can extend from
the involved cheek teeth to the overlying skin.

Primary and secondary sinusitis are rarely bilateral conditions. The dis-
charge is occasionally blood-flecked and is often more profuse after exercise.
Facial swelling, over the maxillary sinuses, and nasal obstruction are later fea-
tures of primary empyema, but rarely occur with secondary empyema. Exer-
cise intolerance and abnormal respiratory noises at exercise may occur in
chronic empyema. Submandibular lymphadenopathy is sometimes present,
and epiphora is occasionally seen with or without facial deformity.

Neurological signs associated with extension of infection from the frontal
sinus through the cribiform plate to cause meningoencephalitis occur rarely.
Severe infections involving the sphenopalatine sinus can result in blindness, ex-
ophthalmos, strabismus, pituitary abscess, and meningitis (Fig. 7.1).

Diagnosis
The diagnosis of sinusitis is often based on history and clinical signs. The pres-
ence and nature of nasal discharge and facial deformity should be noted. The
airflow at the external nares is compared; reduced airflow suggests obstruction
of the meati which may be caused by distension of the conchal sinuses.
Percussion may reveal loss of resonance if the sinus spaces are filled by puru-
lent exudate, but this technique is unreliable when filling is incomplete. An
oral inspection is performed to evaluate the cheek teeth for fractures, displace-
ment, infundibular necrosis, or periodontal disease.

Endoscopic examination may show a flow of discharge from the caudal re-
gion of the middle nasal meatus where the sinus drainage ostium is located.
Conchal enlargement and narrowing of the meati may also be identified.
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Fig. 7.1. Sagittal section of the head of a horse with chronic sinusitis involving the
sphenopalatine sinus. The infection has extended into the pituitary gland, causing focal
meningitis and disruption of the endocrine function of the pituitary.

Radiography is used to demonstrate free horizontal gas/fluid interfaces (see
Chapter 4, Fig. 4.2) or, when the sinuses are full, total loss of air contrast.
Mineralization of the sinus contents may be appreciated in chronic cases.
Primary sinusitis usually involves all sinus cavities and causes diffuse fluid
opacification. In some cases, it can be confined to the ventral conchal sinus,
where it forms an abscess that can be difficult to see radiographically. It is im-
portant to assess the possibility of dental suppuration as the cause of second-
ary sinusitis, and oblique views and/or intraoral views are recommended. The
teeth most commonly involved, in decreasing order of frequency, are the 4th
cheek tooth (first molar), 3rd cheek tooth (4th premolar) and 2nd cheek tooth
(3rd premolar).

Treatment
Early cases of primary sinusitis can be treated nonsurgically using systemic an-
tibiotics, volatile or steam inhalations, and continued light exercise. Those
which do not respond to conservative measures should be managed by the
implantation of a catheter into the appropriate sinus compartment(s) via a tre-
phine hole, but this usually means the caudal maxillary sinus, which commu-
nicates with all of the sinuses except for the rostral maxillary sinus. The
catheter is used for topical antibiotic infusion in addition to physical irriga-
tion. A free flow of lavage to the nostrils implies that the drainage ostia are
clear, and this is an optimistic sign.

Refractory cases, typically where there is poor drainage during irrigation
and a putrid nasal discharge, are candidates for facial flap surgery. Endoscopic
and radiological re-assessments are performed to confirm the location of
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empyema and to determine which technique to use. The objectives of surgery
in the management of chronic sinusitis are to break down intercompartmental
barriers, thus converting sinuses into a common air space, and to create gen-
erous fistulae into the nasal meati.

The treatment of secondary sinusitis involves removal of the diseased tooth
or other primary disease process, followed by treatment of the chronic sinusi-
tis as described above. Unsuccessful treatment or recurrence of sinusitis indi-
cates the persistence of diseased tissue, including dental fragments, sequestrae,
or osteitis/osteomyelitis.

Prognosis

The prognosis for primary sinusitis is generally good. Only a minority of cases
of sinus empyema require surgical intervention, and of those which do, the
overwhelming majority are resolved by simple trephination and catheteriza-
tion. The prognosis for secondary empyema and chronic empyema with bony
involvement is less favorable. Repeated surgical procedures are not infre-
quently required to remove all diseased tissue.

PROGRESSIVE ETHMOIDAL HEMATOMA

Progressive ethmoidal hematomas are non-neoplastic masses that usually arise
from the nasal or sinus surfaces of the ethmoidal labyrinth:

e Repeated low-grade epistaxis is the most common presenting sign.

¢ Diagnosis is aided by endoscopic and radiographic examination.

¢ Treatment options include surgical resection, cryogenic ablation, laser abla-
tion, and chemical ablation with intralesional formalin.

Progressive ethmoidal hematomas are slowly progressive, expansive, non-
neoplastic masses that arise beneath the mucosa in the caudal nasal cavity or
paranasal sinuses. The etiology of the lesions is not known, but a congenital
or acquired hemangiomatous lesion has been proposed. It appears that re-
peated submucosal hemorrhages cause these expanding lesions to develop on
the surface of the ethmoidal turbinate labyrinth. Lesions may arise on the
nasal or sinus aspects of the ethmoidal labyrinth, or occasionally elsewhere in
the sinuses. The mucosal capsule splits intermittently, releasing a bloody dis-
charge. The expanding mass may compromise sinus drainage, resulting in a
secondary retention of mucus. Alternatively, the nasal airways may become
obstructed causing dyspnea. In extreme cases the mass may be extruded at the
nares. Lesions occur bilaterally in about 15% of cases.

The lesions are composed of a thick fibrous capsule covered with respira-
tory epithelium. The fibrous stroma is filled with recent and old hemorrhage.
There is an inflammatory infiltrate composed of plasma cells, lymphocytes,
neutrophils, and eosinophils. Some areas show necrosis.
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Clinical signs

Progressive ethmoidal hematomas occur in all age groups, but predominantly
in horses over 4 years of age, with the incidence increasing with age. All breeds
can be affected, but there may be an increased prevalence in Arabians and
Thoroughbreds, and decreased prevalence in Standardbreds. Females appear
to be at greater risk than males.

The most consistent clinical sign is repeated low-grade epistaxis or a non-
odorous sero-hemorrhagic discharge from one nostril. The blood is not fresh
and epistaxis is not related to exercise. Between episodes of hemorrhage, uni-
lateral nasal discharge may be present.

Varying degrees of nasal obstruction occur. An adventitious respiratory
noise may be present at exercise, and in severe cases a stertorous noise and res-
piratory distress may be present at rest. Facial swelling is unusual, but may
occur as a late feature. Large masses may extend as far as the nasopharynx and
cause dysphagia. Rarely the mass can cause pressure on, or infiltrate through,
the cribriform plate (typically ventrally) resulting in central nervous signs in-
cluding blindness. Other less common signs that have been noted in cases of
progressive ethmoidal hematomas include coughing, purulent nasal discharge,
exophthalmos, and headshaking. The lesion rarely extends along the nasal
cavity to become visible at the nares (Fig. 7.2).

Diagnosis

Diagnosis of progressive ethmoidal hematoma is based on the clinical his-
tory, physical examination, endoscopic examination, and radiography. Per-
cussion of the sinuses may identify increased resonance if the walls are
becoming thin. Endoscopic examination per nasum will reveal those pro-
gressive ethmoidal hematomas arising from the nasal surfaces of the eth-

Fig. 7.2. Ethmoidal hematoma projecting out of the right nostril from a 15-year-old
Arabian gelding. The gelding had loss of airflow from the affected nostril for more than
one year.
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Fig. 7.3. Ethmoidal hematoma viewed from the middle meatus and positioned adja-
cent to the greater ethmoid turbinate.

moidal labyrinth. The lesion usually appears as a smooth walled mass
pushing forward from the caudal nasal region (Fig. 7.3). There may be sur-
face hemorrhages and it may appear to be ulcerated. Sometimes, fungal
plaques are present on the surface of the lesion. The color of the lesions is
variable ranging from yellow/orange to grey/green. A large ethmoidal
hematoma may extend caudally around the nasal septum into the contralat-
eral nasal cavity and obscure the contralateral ethmoidal labyrinth. Such a
lesion may initially give the impression that there are bilateral hematomas
present. Both nasal cavities should be examined in all cases because of the
possibility of bilateral involvement. Lesions that arise in the sinuses are usu-
ally not visible per nasum; however, a stream of blood may be seen emerg-
ing from the sinus drainage ostium. Occasionally, a sinus-based lesion will
erode into the nasal cavity or protrude into the nasal cavity through the na-
somaxillary aperture. Direct sinus endoscopy through the caudal maxillary
or frontal sinuses is often required for a definitive diagnosis of lesions within
the sinuses.

Radiographic examination in the standing position (lateral projection) usu-
ally reveals a soft tissue mass extending rostral or dorsal to the ethmoidal
labyrinth into the caudal maxillary sinus or frontal sinus respectively. Fluid
lines may be present due to secondary infection or hemorrhage into the si-
nuses. Small lesions, especially those within the ethmoidal labyrinth may be
obscured by superimposition of the eyes and ethmoidal labyrinth. On the
dorsoventral view, a mass may be seen in the nasal passages impinging on the
nasal septum. A hematoma confined to the sphenopalatine sinus will not be
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visible on radiographs or on endoscopy per nasum; diagnosis can be achieved
by direct sinus endoscopy in such cases. Computed tomographic scanning or
MRI is helpful if available.

Treatment

Treatment options include surgical ablation, laser photoablation, cryogenic
ablation, snare excision, and intralesional injection of formalin, or a combina-
tion of these. The choice of treatment modality is dependent on the size, posi-
tion, and accessibility of the lesion, and available equipment.

Ablation via a frontonasal facial flap can be used for lesions within the
sinus or within the nasal cavity. Lesions within the sinuses are easily accessi-
ble, but nasal lesions require removal of the floor of the conchofrontal sinus.
The lesions are rarely withdrawn without rupture of the mucosal sac, but the
basal area should be subjected to thorough curettage. Severe intraoperative
hemorrhage is likely, and intravenous isotonic fluid therapy is advisable dur-
ing surgery. Facilities for a blood transfusion are recommended.

Cryogenic ablation of small ethmoidal hematomas on the nasal side of the
ethmoidal labyrinth can be performed under endoscopic guidance, with the
horse standing, using liquid nitrogen spray. This treatment can be used to aug-
ment surgical debulking of the mass, by ablating the base of the lesion intra-
operatively. Control of hemorrhage is necessary before the latter technique can
be applied. Care must be taken not to freeze the cribiform plate.

Nd:YAG laser ablation is suitable for small lesions on the nasal portion of
the ethmoidal labyrinth, less than about 5 cm in diameter. The horse is se-
dated, and topical local anesthetic solution applied to the lesion and nasal pas-
sage. A non-contact technique is generally used. Multiple treatments at 7-day
intervals are usually required. Laser excision can also be used in conjunction
with conventional surgery via a frontonasal bone flap. The attachment of the
origin of the lesion is severed with the laser.

Intralesional injection of 10% buffered formalin solution (i.e., 4% aque-
ous solution of formaldehyde gas) can be performed through a flexible endo-
scope. This method avoids the hemorrhage associated with many of the other
treatment options. With the horse standing and sedated, 10-20 ml of forma-
lin can be injected via a catheter passed through the endoscope until the so-
lution is seen leaking out of the mass. With large lesions, more than 20 ml of
formalin may be required. This treatment results in necrosis and sloughing of
the mass over a period of 2-3 weeks. Repeated treatments are necessary every
3-4 weeks until the lesion has resolved. A lesion in the sinus can also be
treated in this way via an endoscope inserted through a trephine hole.
Nonsteroidal antiflammatory therapy is recommended following formalin
treatment. Fatal neurologic complication has been reported after intralesional
formalin administration, whereby the ethmoidal hematoma had been long-
standing and invaded the cribiform plate. Neurologic signs were evident 15
minutes after intralesional injection of the mass, and the horse was eutha-
nized within 24 hours.
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Prognosis

The prognosis following treatment is guarded to good. Reported recurrence
rates after surgical excision have ranged from 14-45%. Recurrence often oc-
curs within 18 months. Repeated endoscopic examinations (6 monthly) after
treatment are recommended to identify recurrence at an early stage. A higher
risk of recurrence is present in horses with bilateral lesions. Recurrence may
be due to regrowth of the original lesion, due to incomplete removal, or a new
lesion may develop.

PARANASAL SINUS CYSTS

Paranasal sinus cysts occur in young horses (<1 year) or older horses (>4 years):

e A fluid-filled cystic lesion develops in the maxillary or ventral conchal sinus.

¢ Clinical signs include facial swelling and nasal obstruction.

¢ Diagnosis is based on history, clinical findings, endoscopic examination,
and radiographic examination.

Paranasal sinus cysts are single- or multiloculated fluid-filled structures
with an epithelial lining that usually develop in the maxillary sinus or ventral
concha. They can extend into the frontal sinus. The etiology of sinus cysts is
not known, but they appear to have features common with progressive eth-
moidal hematomas because the two conditions may occur concurrently and
both show evidence of repeated hemorrhage. Cysts typically contain vivid yel-
low fluid indicative of blood pigment degradation. Sinus cysts usually arise in
the region of the drainage ostium so that expansion either occurs into the sinus
or into the nasal meati.

Clinical signs

Sinus cysts tend to occur either in the first year of life or in horses over 4 years
old. Nasal obstruction and facial swelling are typical presentating signs. Facial
swelling generally occurs over the conchofrontal or maxillary sinuses, but a
small number of cases have midline frontal distension. Nasal discharge may or
may not be present and, rarely, proptosis may be observed.

Diagnosis

The presenting signs, physical examination, endoscopic examination, and ra-
diography provide necessary diagnostic information. Sinus cysts are large
space-occupying lesions and can easily be confused with a neoplastic disease.
However, cysts are more common in horses than nasal tumors.

Physical examination may reveal considerable swelling over the facial region
with or without obstruction to nasal airflow. Increased resonance on percussion
can be expected if there is thinning of the nasal bones. Cysts that have expanded
in a nasal direction can be seen via endoscopy as discrete rounded masses, typi-
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cally in the middle meatus. Those that are confined to the sinuses cause diffuse
narrowing of the nasal airways to the point where passage of the endoscope to
the nasopharynx is obstructed. Needle aspiration of the cyst provides definitive
confirmation of the diagnosis by the release of characteristic vivid yellow fluid.

Radiographic evaluation reveals a homogeneous soft tissue density with rel-
atively well-demarcated margins. On lateral standing projections, free gas/
fluid lines may be observed, which indicate impeded sinus drainage. There
may be dental distortion and displacement, flattening of the tooth roots, and
soft tissue mineralization. Ventrodorsal projections demonstrate the limits of
the lesion in a rostrocaudal dimension, as well as the extent of any nasal sep-
tum or vomer bone deviation. Computed tomographic scanning or MRI may
provide additional information if available.

Treatment

Frontonasal flap surgery is generally effective. The cyst wall is peeled away
from the inside of the sinuses. In the event of incomplete ablation, small areas
of residual cyst tissue do not appear to cause complications.

Prognosis

The prognosis for successful surgical ablation is excellent and recurrence is not
likely. Facial deformity often resolves following surgery, especially in young
horses.

FUNGAL RHINITIS AND SINUSITIS

Fungal infections of the upper respiratory tract include primary infections by
specific fungal species, such as cryptococcosis, rhinosporidiosis, phycomyco-
sis, and coccidioidomycosis. These are rare and have a distinct geographical
distribution. Some may have a zoonotic potential. Mycotic rhinitis caused by
Aspergillus spp. infection has a wider geographical distribution, and in many
cases, is considered to be a secondary opportunistic infection.

Cryptococcosis

Cryptococcus neoformans can infect the upper respiratory tract causing gran-
ulomas and an invasive rhinitis and sinusitis, often accompanied by draining
tracts through the facial bones. A mucopurulent, foul-smelling, blood-tinged
unilateral nasal discharge is produced. Infection can be diagnosed by histology
of biopsies, cytology, and culture.

Rhinosporidiosis

Rbhinosporidium seeberi has been described as a cause of granuloma formation
around the nares and nasal septum. Granulomatous polyps may reach suffi-
cient size to cause obstructive dyspnea. Surgical removal of the masses is fre-
quently followed by recurrence.
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Phycomycosis

Phycomycosis includes infection by Pythium insidiosum or Entomophthora
coronata (Conidiobolus coronatus). Entomophthora coronata has a high af-
finity for the tissues around the nares and lips, causing a condition called
rhinophycomycosis. The lesions include granulomatous and ulcerated masses
with cores of necrotic material known as “leeches” or “kunkers.” Lesions
occur around the rostral nasal cavity, nares, and lips. They are often pruritic,
resulting in self-trauma. The lesions may expand into the oral cavity, resulting
in dysphagia and weight loss. Surgical excision coupled with topical treatment
with amphoteracin B is often successful.

Coccidioidomycosis

Coccidioides immitis appears to be endemic in some semiarid areas of North
and South America. Infection can result in a generalized disease or localized
granuloma formation. Lesions often develop in the caudal nasal cavity result-
ing in mucopurulent nasal discharge, epistaxis, abnormal respiratory noise,
and exercise intolerance. Diagnosis is made by endoscopic examination and
biopsy. The extent of the granulomatous mass may be identified by radi-
ographic examination. Surgical excision may be possible in some cases, but
should be followed by ketoconazole or intraconazole therapy.

Aspergillosis

Although Aspergillus sp infection is common after nasal surgery or secondary
to other suppurative conditions, such as dental periapical abscessation, horses
are encountered where these infections arise on the sinu-nasal tissues without
obvious underlying disease. The etiology is not known but the infection
consists of a destructive rhinitis/sinusitis, occasionally producing sinu-nasal
fistulae.

Horses with Aspergillus infections in the nasal region usually show a low-
grade unilateral purulent discharge, which may be malodorous or sero-
sanguinous. The presence of mycotic plaques can be identified via endoscopy
either per nasum or directly into the caudal maxillary sinus.

Topical medication with enilconazole provides an effective and simple rem-
edy. A Foley balloon catheter is placed into the caudal maxillary sinus, and the
sinus cavity acts as a reservoir for the medication, which is infused twice daily.
Resolution may require prolonged treatment for up to 6 weeks.

SINUS AND NASAL NEOPLASIA AND POLYPS
Primary tumors of the sinus and nasal regions are rare in the horse:
¢ Neoplasia of the nasal cavity and paranasal sinuses is rare.

e Clinical signs can include putrid nasal discharge, epistaxis, and nasal
obstruction.
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® Diagnosis is aided by radiographic, endoscopic, and histopathologic exam-
ination.
¢ Nasal polyps are benign growths that often arise secondary to dental disease.

Squamous cell carcinoma, adenocarcinoma, fibroma, chondroma, lym-
phoma, mast cell tumor, hemangiosarcoma, osteoma, and osteosarcoma have
been reported. Odontogenic tumors (i.e., tumors derived from the tooth-
forming tissues) are rarely encountered in young horses. Polyps (i.e., peduncu-
lated inflammatory proliferations enclosed in mucous membrane) sometimes
arise as a complication of dental periapical disease.

Clinical signs

The clinical signs may be similar to those of a chronic primary sinus
empyema, cyst, or progressive ethmoidal hematoma—i.e., a putrid nasal dis-
charge possibly mixed with blood, nasal obstruction, and facial swelling. In
addition there may be proptosis when the tumor has infiltrated the bony orbit
and displaced the globe outward. Some tumors and nasal polyps protrude to
the nostrils.

Diagnosis
Diagnosis is achieved by physical examination, endoscopic, radiographic, and
histopathologic examination of biopsy specimens. Computed tomographic
scanning provides additional information regarding the location and extent of
the mass and the damage/invasion of adjacent structures (see Chapter 4, Fig.
4.3). In horses with proptosis, transocular ultrasonography is used to assess
the integrity of the bony orbit. Attempts to aspirate fluid from the lesion will
fail to produce exudate or fluid, but needle aspiration can be a means to ob-
tain biopsy material—for example, after exploratory trephination.
Radiographic examination may identify a solid mass with an outline less
well-demarcated than with a cyst or empyema. Identifiable mineralized dental
tissue may be evident in cases of well-differentiated odontogenic tumors. In
cases of suspected polyp, the dental arcade should be reviewed via radi-
ographic examination and oral inspection.

Treatment

Frontonasal flap surgery may be used on an exploratory basis, and this may
or may not permit surgical excision. Nasal polyps can be treated by excision.
Electrosurgical excision offers advantages in terms of hemostasis. Small polyps
may be removed by snare, transendoscopic electrosurgery, or transendoscopic
laser ablation. Any underlying dental disorder should also be treated.

Prognosis

The prognosis for sinu-nasal tumors in horses is highly variable, and each case
must be treated on its merits. Well-circumscribed benign lesions often lend
themselves to successful removal by frontonasal flap surgery, and the size of
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the lesion need not be a deterrent. The prognosis for nasal polyps is generally
good, but recurrence following surgical removal may occur.

AMYLOIDOSIS

Amyloidosis is a rare disease that involves the deposition of amyloid (a glyco-
protein) as a result of some form of chronic antigenic stimulation. The upper
respiratory tract appears to be a common site of amyloid deposition in the
horse. Amyloid deposition in the nasal cavity may occur alone or in associa-
tion with amyloid deposition in the skin. Deposits can occur on the nostrils,
alar folds, nasal septum, and conchae; occasionally, they may occur in the na-
sopharynx and guttural pouches.

Clinical signs include nasal discharge, epistaxis, nasal obstruction, abnor-
mal respiratory noise, and exercise intolerance. Weight loss may be evident as
a result of an underlying primary disease. Diagnosis is achieved by identifica-
tion of the raised, hemorrhagic nodules at the nostrils or in the nasal cavity.
Confirmation of the diagnosis is achieved by biopsy. Treatment should be
aimed at identifying and treating any underlying primary disease. Local exci-
sion or laser ablation can be used to treat individual deposits.

CONCHAL NECROSIS AND METAPLASIA

Metaplastic calcification of the conchal cartilages usually occurs as an end
stage of dental suppuration that has extended into the nasal tissues. Alterna-
tively, the condition can arise secondary to chronic infection in the ventral con-
chal sinus. Horses afflicted with this condition present with a fetid nasal
discharge; signs directly referable to an underlying dental disease may or may
not be evident. Endoscopy shows necrotic debris on the surfaces of the con-
chal scrolls. Radiography provides the definitive diagnosis in the form of
turbinate “coral” formation and loss of the normal turbinate pattern. Treat-
ment involves removal of necrotic and diseased tissue followed by lavage. In
addition, underlying dental disease is treated to resolution.

INTRANASAL FOREIGN BODIES

Intranasal foreign bodies are uncommon. Foreign bodies—such as grass seeds,
twigs, and thorns—can occasionally lodge in the nasal cavity. The sudden
onset of acute nasal discomfort with intense sneezing and facial rubbing are
the likely signs, particularly if there has been recent epistaxis. Some foreign
bodies are visible as soon as the alar margins are raised, but others are identi-
fied only during endoscopic examination. Radiographic examination may be
used in the diagnosis of larger or metallic foreign bodies.
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FACIAL AND SINUS TRAUMA

Facial trauma is common. Traumatic injury can arise as a result of kicks, falls,
collisions, and competition injuries, and both open and closed injuries are
observed.

Closed depression fractures over the paranasal sinuses frequently result in
epistaxis. Initially there may be surprisingly little deformation of the profile of
the face because the space between the depressed fracture and the skin fills
with blood. However, as healing progresses a depression in the facial profile
may result. In nondisplaced fractures, organization of the hematoma and the
fracture callus may leave a firm swelling at the site.

Diagnosis is made by a combination of history, physical examination, radi-
ographic examination, and ultrasonographic examination. Radiographic ex-
amination can document sinus fractures, but it can provide only a
two-dimensional image, and therefore limited information about the extent of
the fracture. Treatment in the acute stage should be aimed at control of hem-
orrhage and preservation of vital functions. Subsequently, treatment directed
toward anatomical restoration may be attempted for functional or cosmetic
reasons. Depressed fracture fragments may be elevated, and, if necessary, su-
tured in place. Occasionally sinusitis develops after trauma, in which case an-
tibiotic therapy and irrigation procedures are necessary to eliminate infection.
In cases of healed depression fractures with facial deformity, fluorocarbon
polymer and carbon fiber can be used to restore the facial contour.
Alternatively, a healed fragment can be cut with a saw and elevated into a nor-
mal position.

SUBCUTANEOUS EMPHYSEMA

The presence of air in the subcutaneous tissues suggests one of three events:

e Leakage of air from within the respiratory tract
* Repeated entrapment of air in an external wound
¢ The presence of gas-forming organisms

Trauma and surgery of the upper respiratory tract—including the paranasal
sinuses, larynx, and trachea—may lead to air being forced between the skin and
the underlying layers. Emphysema typically arises when the air cannot move
freely to the nares during expiration and is therefore forced through a defect in
the wall of the tract into the subcutaneous tissues. Edema and spasm after la-
ryngeal surgery and nasal packing after frontonasal surgery are examples of
iatrogenic causes of emphysema. Wounds in the axillary region frequently cause
progressive entrapment of air with each movement of the forelimb. Clostridial
(gas gangrene) infections typically stem from the deep inoculation of the infec-
tive agent and, unless identified promptly, are rapidly fatal.
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The objectives in treatment of subcutaneous emphysema are to prevent fur-
ther air entering the subcutaneous space by closure of the defect, or to allow
the air to escape more easily by an alternative route. Facilities for emergency
tracheotomy or laryngotomy should be readily available in establishments
where airway surgery is performed. Neglected subcutaneous emphysema can
lead to pneumothorax and fatal pulmonary collapse if air enters the thoracic
cavity by way of the mediastinum.
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The Gutteral Pouches

Diseases of the guttural pouches are relatively uncommon, but they are impor-
tant differentials for horses with signs of upper respiratory tract disease, cra-
nial nerve dysfunction, predominantly (not exclusively) unilateral discharge,
and spontaneous epistaxis.

ANATOMY AND FUNCTION OF THE GUTTURAL
POUCHES

The guttural pouches are the balloon-like caudoventral diverticulae of the eu-
stachian tubes (auditory tubes). Guttural pouches are present in perisso-
dactyls, including all equids. They are located between the base of the cranium
dorsally and the pharynx and esophagus ventrally. The two pouches do not
communicate, but contact each other medially, being separated rostrally only
by a thin layer of areolar tissue; caudally they are separated by the rectus capi-
tis ventralis and longus capitis muscles. The stylohyoid bone divides each
pouch into a small lateral and a larger medial compartment (Fig. 8.1). Each
guttural pouch has a capacity of about 300-500 ml. The stylohyoid bone trav-
els in a caudodorsal direction to the temporohyoid joint; the distal opening of
the eustachian tube opens just lateral to this joint.

The pharyngeal drainage ostia are obliquely directed slit-like openings that
lie on the dorso-lateral wall of the pharynx, rostroventral to the pharyngeal re-
cess. A plate of fibrocartilage is located in the mucosa of the flap-like medial
wall of each ostium. The pharyngeal drainage ostia are located at the dorsal
aspect of the pouches, and thus drainage from the pouch is poor unless the
head is lowered. The two ostia lie close to each other, so, although discharge
from one pouch may produce a predominantly unilateral nasal discharge,
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Fig. 8.1. Endoscopic view of melanosis of the left guttural pouch. Note the black dis-
colored masses over the external carotid artery and the caudodorsal aspect of the lat-
eral guttural pouch. The stylohyoid bone separates the lateral from medial
compartments, and the internal carotid artery can be seen coursing through the cau-
dal aspect of the medial guttural pouch. (See also color section.)

more copious discharge from one pouch may cause a bilateral nasal discharge.
The pharyngeal orifice of the guttural pouch is a funnel-shaped vestibule that
is wider rostrally than caudally. The caudal narrowing is due to a transverse
fold of mucous membrane, the plica salpingopharyngea, which connects the
medial wall of the eustachian tube to the lateral wall of the pharynx.

The mucosal lining of the guttural pouches is composed of ciliated pseudo-
stratified columnar epithelium. Mucus-producing goblet cells and seromucous
glands produce a mixture of mucus and surface-active agents that form a pro-
tective layer over the mucosa. A dynamic clearance system removes mucus and
particulate debris. Aggregates of lymphoid cells lie in the subepithelial tissues.

Each pouch is in contact with the base of the skull, and those structures that
enter and leave the cranium through the foramen lacerum cross the pouch. A
fold of mucous membrane that extends from the roof of the guttural pouch
along the caudal aspect of the medial compartment contains the internal
carotid artery, cervical sympathetic trunk, cranial cervical ganglion, and cra-
nial nerves IX (glossopharyngeal), X (vagus), XI (accessory), and XII (hy-
poglossal). The pharyngeal branch of the vagus nerve (X) and the cranial
laryngeal nerve lie in the ventral aspect of the medial compartment. The
retropharyngeal lymph nodes also lie beneath the mucosa on the floor of the
medial compartment. The facial nerve (VII) emerges from the stylomastoid
foramen and courses in the submucosa of the lateral compartment caudodor-
sally before passing between the mandible and parotid gland. The mandibular
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nerve (branch of the trigeminal nerve, V) emerges from the foramen lacerum
and passes rostrally along the roof of the lateral compartment. The external
carotid artery passes rostrally along the ventral surface of the lateral compart-
ment, accompanied in part of its course by cranial nerves IX (glossopharyn-
geal) and XII (hypoglossal) (see Fig. 8.1). It then turns dorsally to continue as
the internal maxillary artery, which is accompanied by the maxillary vein and
crosses the wall of the lateral compartment. The maxillary artery gives off the
caudal auricular artery and the superficial temporal artery in this area; here,
the pouch lies beneath Viborg’s triangle.

The precise functions of the guttural pouches remain uncertain. The eu-
stachian tube is believed to equalize air pressure on both sides of the tympanic
membrane. The pharyngeal drainage ostia dilate during swallowing, and there
is an exchange of air during respiration. Ventilation of the pouch results in a
cooling of the blood within the internal carotid artery, and it has been pro-
posed that this may represent a brain-cooling device to dissipate heat produced
by muscular activity. Other proposed functions include a resonating chamber
for vocalization and a flotation device.

SIGNS OF GUTTURAL POUCH DISEASES

The major presenting signs of diseases of the guttural pouches result from ei-
ther compression of adjacent organs when the pouches become distended, or
damage to the structures which lie in their walls. Swellings of the guttural
pouches may be visible externally at the parotid region, or may partially ob-
struct the pharynx leading to dyspnea and/or dysphagia. Erosion of the inter-
nal carotid artery causes spontaneous hemorrhage to the nares (epistaxis)
which can result in fatal exsanguination. Guttural pouch disorders provide po-
tential for a wide range of neuropathies, including paralysis of cranial nerves
VII, IX, X, XI, and XII, and Horner’s syndrome.

EXAMINATION OF THE GUTTURAL POUCHES

Examination of the gutteral pouches can include several approaches, including
palpation, endoscopic examination, radiographic examination, cytology, ad-
vanced diagnostic imaging techniques, and surgical exploration.

Palpation

External palpation in the parotid area may detect swelling produced by tym-
pany, empyema, abscessation of adjacent lymph glands or neoplasia. The gut-
tural pouch lies in close contact with the auricular cartilage, and palpation
deep to the base of the ear may cause pain, especially in cases of guttural
pouch mycosis that have resulted in damage to the head of the stylohyoid bone
or the temporohyoid articulation.
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Endoscopic examination

The guttural pouches are amenable to direct endoscopic examination using
flexible fibreoptic- or video-endoscopes. Once the endoscope is passed into the
nasopharynx, the pharyngeal drainage ostia should be inspected for evidence
of blood or exudate draining from the pouch (Fig. 8.2). A small quantity of
clear mucus draining from the pouch is not abnormal, especially after exercise.

Fig. 8.2. Endoscopic view of the guttural pouch openings in a horse with unilateral
purulent exudate (empyema)(A) and bilateral hemorrhage originating from the guttural
pouch openings (B). (See also color section.)
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The simplest way to pass an endoscope into the pouch is by using a wire leader
passed through the biopsy channel of the endoscope. This channel is usually
eccentric, and thus, the wire can be used to raise the cartilage flap before ad-
vancing the endoscope into the duct beyond. Alternatively, a stiff metal or
plastic catheter can be inserted into the guttural pouch under endoscopic con-
trol and used to open the ostium to permit entry of the endoscope. The endo-
scope can be passed via each ipsilateral nostril to examine the pouches.
Alternatively, both pouches may be examined with the endoscope introduced
through the same nostril. The normal guttural pouch has a thin, translucent
mucosa that allows inspection of the underlying structures. In addition to in-
spection within the guttural pouches, endoscopic examination should include
assessment of cranial nerve function, particularly laryngeal and pharyngeal
function. Depression of the roof of the nasopharynx at the pharyngeal recess,
and an obscured view of the larynx may result from distension of the guttural
pouch (Fig. 8.3).

Radiographic examination

The guttural pouches are normally air-filled, and radiographic examination
can be helpful to identify abnormalities within one or both pouches.
Radiography is particularly useful in cases where endoscopic examination is
unhelpful (e.g., where discharge within the pouch obscures the endoscopic
view). The lateral projection is most commonly used to provide information
regarding the dimensions and content of the guttural pouches. Radiographic
abnormalities in disease may include distension by air/gas, gas-fluid interfaces,
and loss of air contrast through replacement by inspissated pus or soft tissue
substitution. Complete obliteration of the normal gas density of a pouch can

Fig. 8.3. Endoscopic view of the nasopharynx of a horse with right unilateral guttural
pouch empyema, showing depression of the roof of the nasopharynx caused by dis-
tension of the affected pouch.
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occur in cases of chronic empyema or chondroid formation. Masses imping-
ing on the guttural pouch and fractures/exostoses of the stylohyoid bone can
be detected.

Arteriography can be used to identify the affected vessel in cases of guttural
pouch mycosis. The common carotid artery or selected branches can be as-
sessed by injecting 20-30 ml of warmed contrast agent as a bolus with the
horse under general anesthesia.

Cytology
Differential nucleated cell counts of guttural pouch lavages may be helpful in
some situations. Less than 5% neutrophils is considered normal, and more

than 25% neutrophils is associated with infection.

Other diagnostic imaging techniques

Diagnostic ultrasonography via the parotid region may identify lym-
phadenopathy and neoplastic masses in the retropharyngeal area and lateral
wall of the guttural pouch. Advanced diagnostic imaging modalities, including
CT scanning and MRI, can also provide anatomical detail and orientation of
abnormalities within and surrounding the guttural pouch.

Surgical approaches to the guttural pouches

The complex anatomy of the guttural pouches and surrounding tissues make
surgical treatment difficult. Iatrogenic damage to one or more of the neurovas-
cular structures can have serious and life-threatening consequences. Surgical
access to the guttural pouch may be required for removal of purulent material,
chondroids, mycotic plaques, and foreign bodies, or to establish drainage. The
following surgical approaches can be used (Fig. 8.4):

Hyovertebrotomy

A 10 cm incision is made parallel and 2 cm cranial to the wing of the atlas.
The dense fascia is incised, and the parotid salivary gland and overlying paro-
tidoauricularis muscle are reflected forward. The fascia and second cervical
nerve are reflected caudally. An endoscope introduced into the guttural pouch
per nasum serves to illuminate the membranous lining deep in the surgical site
once the loose connective tissue has been bluntly separated. The lining of the
guttural pouch can be grasped and punctured with the closed tips of scissors
or a hemostat. This site is close to the internal carotid artery, the hypoglossal
and glossopharyngeal nerves, and the cranial laryngeal and pharyngeal
branches of the vagus nerve, so extreme care must be taken when making the
opening in the pouch lining. Following completion of the surgery, the hyover-
tebrotomy incision can be closed or left partly open to provide access for
ingress and egress of lavage fluids. However, drainage from the hyovertebro-
tomy incision is relatively poor, so an additional opening into the pouch via
Viborg’s triangle can be helpful.
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Fig. 8.4. Lline drawing of the surgical approaches to the larynx and pharynx. 1 = hy-
overtebrotomy; 2 = Viborg's triangle defined by the tendon of the sternocephalicus
muscle, the ramus of the mandible, and the linguofacial vein; 3 = modified Whitehouse
approach; 4 = Whitehouse approach.

Viborg's triangle

Viborg’s triangle is the area bounded by the tendon of the sternocephalicus
muscle, the linguofacial vein, and the vertical ramus of the mandible. Access
to the guttural pouch by this approach is very restricted except in conditions
where there has been stretching of the tissues through distension of the pouch,
which increases the overall size of Viborg’s triangle. A vertical or horizontal
incision is made, taking care to avoid the parotid duct and branches of the
vagus nerve along the floor of the pouch. The incision is usually left open to
heal by secondary intention.

Paralaryngeal (Whitehouse) approach

With the horse in dorsal recumbency, a ventral midline incision is made over
the larynx. The dissection is continued through the sternohyoideus and omo-
hyoideus muscles, and passes lateral to the larynx, trachea, and cricopharynx
to reach the pouch ventro-medially. Entry to the guttural pouch is made me-
dial to the stylohyoid bone, the external carotid artery, the glossopharyngeal
nerve, and the hypoglossal nerve. The pharyngeal branch of the vagus and cra-
nial laryngeal nerves is close to the incision, and must be avoided. The depth
of incision limits the value of this approach.
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Modified Whitehouse approach

Although the surgery is again performed with the patient in dorsal recumbency,
the site of the incision corresponds to that used for prosthetic laryngoplasty—
i.e., it lies ventral to the linguo-facial vein and then follows the same route to
enter the pouch. This approach avoids the necessity to divide the sternohy-
oideus and omohyoideus muscles.

The Whitehouse approaches are advocated because they allow access to the
roof of the guttural pouch, the possibility to explore the lateral compartment
digitally, and access to both guttural pouches through the same incision. They
also provide good ventral drainage. However, both approaches require deep
dissection, and there is believed to be a higher rate of complications, such as
dysphagia.

TOPICAL TREATMENT OF THE GUTTURAL POUCHES

Topical treatments of guttural pouch diseases are commonly employed either
as the sole treatment, or, more commonly, as an adjunct to other (surgical)
treatments. A 35 cm or longer 30 ml Foley balloon catheter offers a suitable
indwelling device for repeated topical infusion of medication. Alternatively,
commercial guttural pouch catheters are available. The catheter is passed up
the ventral nasal meatus using a metal stylet, slightly bent at the leading end.
This is rotated 180° under the cartilage flap of the ostium, which lies on the
lateral pharyngeal wall at the same level as the eye. The catheter can be passed
blindly or under endoscopic guidance. It should be noted that long-term
catheterization can lead to weakening of the ostium and erosion of the carti-
lage flap.

Irrigation of the pouch with isotonic crystalloid solutions can be used to
dislodge and remove purulent exudate, debris, and inflammatory mediators.
Infusions can be repeated once or twice a day as necessary. The horse should
be sedated for the first infusion so that the head is lowered, and the risk of as-
piration of fluid is reduced. Irritating solutions, such as hydrogen peroxide or
concentrated antiseptics, should not be used because they can result in serious
neuritis of the cranial nerves in the guttural pouch.

GUTTURAL POUCH TYMPANY

Guttural pouch tympany is an infrequently encountered condition where there
is excessive accumulation of air in the guttural pouch:

e It is seen predominantly in foals.

e The cause is a congenital dysfunction of the pharyngeal opening of the
pouch.

e Clinical signs include swelling, dyspnea, and dysphagia.
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¢ Diagnosis is made by physical examination, endoscopy, and radiography.

e Treatments include chronic catheterization of the affected pouch, fistulation
of the median septum between the two pouches, or enlargement of the pha-
ryngeal drainage ostium.

Guttural pouch tympany involves the accumulation of a large quantity of
air within a guttural pouch, probably as a result of a malfunction of the pha-
ryngeal drainage ostium. It has been suggested that air may enter the pouch
normally during expiration, but then cannot leave because the plica salpin-
gopharyngea acts as a one-way valve and collapses across the pharyngeal ori-
fice as air is expelled. In most cases there is no obvious anatomical abnor-
mality of the guttural pouch ostium, and a functional rather than a structural
abnormality is involved. The condition occurs most commonly as a congeni-
tal abnormality in young foals. Inflammation from an upper airway infection,
persistent coughing, and muscle dysfunction have been proposed as alternative
causes.

Clinical signs and diagnosis

This is a condition of foals that usually manifests itself within a few days of
birth, although occasionally the condition may arise in older foals up to 20
months of age. The disorder appears to be more common in fillies than colts,
and is usually unilateral. Rarely, guttural pouch tympany may occur as an ac-
quired disorder of the mature horse.

Air accumulates in the pouch and produces tympanitic swelling in the
parotid region, which is initially nonpainful and noninflammatory. The degree
of swelling is variable. Most affected foals appear clinically normal apart from
the swelling, but in some cases the size of the swelling may cause stertorous or
stridorous breathing and dyspnea. Coughing, dysphagia, and aspiration may
occur, and there may be nasal return of milk or food. Established cases invari-
ably show evidence of opportunistic infection, because a mucopurulent nasal
discharge is generally present by the time afflicted foals are submitted for cor-
rective surgery. The laxity of the medial septum between the guttural pouches
may lead to swelling on the normal side, and hence false diagnosis of bilateral
tympany may be made.

Lateral radiographs show an enlarged, gas-filled guttural pouch (Fig. 8.5)
that may extend beyond the second cervical vertebra. The opposite normal
pouch may be visible, or it may be too compressed to be identified. The dis-
tended pouch may cause compression of the nasopharynx, and the larynx and
proximal trachea may be displaced. Air-fluid interfaces in the guttural pouch
compartments may be visible in cases with accumulation of milk or exudate in
the guttural pouch. Ventro-dorsal views can be useful to differentiate unilat-
eral and bilateral cases.

Endoscopy usually reveals a normal-appearing pharyngeal drainage ostium.
The dorsal roof of the nasopharynx may appear collapsed. Catheterization of
the guttural pouches using a Foley catheter or Chambers’ urinary catheter de-
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Fig. 8.5. Lateral radiographic projection of a é-month-old Standardbred foal with
unilateral guttural pouch tympany. Note the dorsal compression of the pharynx and the
caudal extension of the guttural pouch to the level of the C,—C5 articulation.

flates the affected pouch, and this helps determine which pouch is involved.
Alternatively, percutaneous centesis may be used to confirm a unilateral disor-
der. A needle can be inserted percutaneously at the point of greatest distension;
there is some risk of iatrogenic damage to the nerves and blood vessels in the
pouch with this procedure. Endoscopy should include examination of the tra-
chea in foals that have a history of coughing or dysphagia to ascertain whether
there has been aspiration of milk or feed material.

Treatment
Temporary alleviation of tympany can be achieved by catheterization of the af-
fected pouch or percutaneous needle centesis. Concurrent use of antibacterial
and anti-inflammatory drugs is recommended. However, the guttural pouch
rapidly refills when these measures are discontinued.

The choice of treatment is determined by whether the condition is unilat-
eral or bilateral, and by the equipment and expertise available. Treatment op-
tions include

1. Dilation of the pharyngeal ostium on the affected side

2. The creation of a fistula between the normal and distended pouches by the
removal of a section of the medial septum

3. Fistulation between the guttural pouch and the pharyngeal recess

Dilation of the pharyngeal ostium can be achieved by excising a 2.5 cm x
1.5 cm segment of the medial lamina within the guttural pouch orifice (via an
approach through Viborg’s triangle) or excising the excess plica salpingopha-
ryngea. A simpler conservative technique to remedy the disorder consists of
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the long-term implantation of an indwelling Foley catheter placed through the
defective pharyngeal ostium per nasum and left in place for up to 8 weeks.

The purpose of the medial wall fistulation technique is to facilitate the
egress of air from the tympanitic guttural pouch through the pharyngeal os-
tium of the normal side. The procedure can be performed via an approach
through Viborg’s triangle or a modified Whitehouse approach. During surgery,
passage of an endoscope into the opposite pouch transilluminates the medial
septum and makes the identification of an area free of vessels or nerves easier.
A 2 cm? section of septum is removed. Minimally invasive surgical techniques
(transendoscopic laser surgery or electrosurgery) can also be used to perform
fenestration of the medial septum. These techniques can also be used to create
a fistula between the tympanitic pouch and the pharyngeal recess. A site just
dorsal and caudal to the nasopharyngeal drainage ostium is chosen for this
technique. An indwelling Foley catheter should be placed in the fistula for 14
days postoperatively to prevent closure of the fistula.

If both pouches are tympanitic, fenestration of the medial septum can be
combined with resection of one nasopharyngeal drainage ostium.

Prognosis

The prognosis for guttural pouch tympany is usually favorable regardless of
whether the catherization or fistulation technique is used. Secondary infections
of the pouch usually resolve spontaneously following successful treatment.
The medial wall fistulation technique can fail if the hole seals over or if the
condition is bilateral. Resection of the mucosal fold can fail if swelling and in-
flammation occludes the pharyngeal orifice. Recurrence of tympany is re-
ported to occur in 10-30% of foals following surgical treatment.

DIVERTICULITIS OF THE GUTTURAL POUCH

A variety of different conditions associated with inflammation of the mucous
membrane lining of the guttural pouches can occur, which can loosely be
termed “diverticulitis.” They include strangles abscessation in the lymphoid
tissue of the walls of the pouches, empyema, chondroid formation, and
chronic diverticulitis:

¢ Diverticulitis of the guttural pouch may occur during strangles infection.

e Chronic diverticulitis and empyema of the pouch occur because of a chronic
defect of mucociliary clearance, usually secondary to an upper airway in-
fection.

¢ Swelling of the pouch can cause dyspnea and an abnormal respiratory
noise.

® A bilateral mucopurulent nasal discharge is usually present.

* Diagnosis is achieved by physical, endoscopic, and radiographic examination.

¢ Treatment involves drainage and lavage of the affected pouch.



68 Il / Noncontagious Diseases of the Upper Respiratory Tract

¢ Chronic empyema may result in the accumulation of caseous inspissated ex-
udate or concretions (chondroids) that may require surgical removal.

e Chronic diverticulitis results in chronic inflammation of the pouch lining
and potentially cranial neuropathies.

A mild self-limiting catarrhal inflammation of the guttural pouch mucosa
probably accompanies most upper respiratory tract bacterial and viral infec-
tions. Guttural pouch tympany is also commonly accompanied by inflamma-
tory changes.

Strangles

This is an infectious condition of horses caused by Streptococcus equ var equii
that consists of a suppurative lymphadenitis of the lymph nodes associated
with the upper respiratory tract, including the retropharyngeal lymph nodes in
the wall of the guttural pouch. Rupture of retropharyngeal lymph nodes com-
monly occurs into the guttural pouch, resulting in infection and inflammation
of the pouch. Chronic empyema and chondroid formation may ensue (see
below). Occasionally the free movement of air through the drainage ostia of
the guttural pouches is obstructed by the physical presence of the lymphade-
nopathy, and a variable degree of tympany and empyema may result. Tem-
porary tracheotomy is indicated for those horses that show life-threatening
airway obstruction. Strangles is discussed in greater detail in Chapter 14.

Chronic guttural pouch empyema and chondroids

Empyema refers to the accumulation of exudate within the guttural pouch.
Empyema occurs when mucus and/or purulent exudate accumulates within the
pouches because it is failing to drain satisfactorily. The primary etiological fac-
tor in guttural pouch empyema is a dysfunction of mucociliary clearance fol-
lowed by stagnation of mucus, opportunist bacterial infection, and finally
purulent exudation. There is a possible etiological association with tympany.
Guttural pouch empyema may occur in horses of all ages, but is most common
in young horses. Many cases follow an upper respiratory tract infection, espe-
cially those associated with S~hemolytic streptococci and strangles. In view of
the association between strangles and chronic empyema, all cases of guttural
pouch empyema should be considered as potentially contagious for
Streptococcus equi until the results of culture are available.

Regardless of the precise etiology of empyema, purulent exudate that is
stagnant within the pouch eventually becomes inspissated and progressively
leads to the formation of solid concretions called chondroids (Fig. 8.6).

The clinical signs of empyema include a bilateral purulent nasal discharge,
with or without swelling of the parotid region and fever. Distension of the af-
fected pouch into the pharynx may produce obstructive dyspnea and an ab-
normal respiratory noise. Nasal discharge is commonly white and mucoid, and
is usually nonodorous (Fig. 8.7). It may be intermittent or continuous. Occa-
sionally, blood may be mixed with the discharge. Although it is usually bilat-



Fig. 8.6. Post-mortem examination of chondroid material in the guttural pouch.

Fig. 8.7. Typical white, mucoid nasal discharge due to guttural pouch empyema.
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eral, the discharge is frequently more voluminous at the nostril on the same
side as the affected pouch. The discharge is greatest when the head is lowered,
and may be increased when external pressure is applied to the parotid region
on the affected side. In chronic cases, the exudate may become inspissated
(“cottage cheese” consistency), which fails to drain, resulting in greater disten-
sion of the pouch, more external swelling, and adoption of an extended head
carriage. Compression of the nasopharynx by the distended guttural pouch
may result in dyspnea, stridor, and dysphagia. In chronic cases, cranial nerve
involvement may occur, resulting most commonly in dysphagia.

Endoscopic examination frequently demonstrates mucopurulent exudate
draining from the pharyngeal drainage ostium of the affected pouch (see Fig.
8.2A). However, absence of such a finding does not preclude the diagnosis of
empyema. Distension of the pouch may cause compression of the nasophar-
ynx on the affected side (see Fig. 8.3). Drainage from the pouch may be pro-
moted by passing a catheter or the endoscope into the pouch. Endoscopic
examination of the internal aspects of the pouch may be impeded by the pres-
ence of exudate. However, following drainage of liquid exudate, the inflamed
and thickened mucosa lining can be examined. If the exudate is inspissated
and caseous in nature, transendoscopic lavage will not be successful. A nested
basket may be used to remove chondroid material from the guttural pouch in
instances where 1/3 of the pouch or less is filled with chondroid material. Both
pouches should be examined endoscopically, because bilateral disease is not
uncommon. The pharyngeal drainage ostia should be carefully assessed for the
presence of adhesions or deformity which might predispose to empyema, and
which might complicate treatment. To confirm obstruction of the drainage os-
tium, manipulation of the flap and vestibule of the pouch may be performed
using a Chambers mare catheter or similar instrument passed through the op-
posite nasal passage while viewing the area endoscopically.

Lateral radiographs confirm the loss of air contrast within the guttural
pouch, and if the purulent material is still fluid, an air/fluid interface will be
demonstrable. If the affected pouch is completely filled with exudate, there
will be loss of the normal air contrast of the pouch. Because both pouches
overlie each other in the lateral projection, oblique views or the instillation of
a radiographic contrast agent into one pouch may be required to determine
which pouch is diseased.

Samples of exudate can be submitted for bacterial culture and sensitivity.
Lavage of the pouch can be performed if fluid exudate cannot be retrieved.
Samples can also be obtained by percutaneous centesis, but the risk of neu-
rovascular damage needs to be considered.

Treatment of guttural pouch empyema can be achieved in most cases by the
insertion of an indwelling self-retaining Foley balloon catheter into the pouch
via the pharyngeal drainage ostium. Alternatively a catheter with a coiled dis-
tal end (in the pouch) can be sutured to the alar fold. Irrigation with 500-1000
ml of normal saline or very dilute antiseptic solution (e.g., 1% povidone-
iodine) should be performed once or twice a day for 7-10 days. More concen-
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trated antiseptic solutions must not be used, because they are irritant and can
cause nerve damage. Sedation is used to lower the head and reduce the risk of
aspiration during lavage. Care must be taken if Streptococcus equi is cultured
from the discharge to prevent environmental contamination. Systemic antibi-
otics (e.g., penicillin) are usually administered concurrently, although the effi-
cacy or necessity of this treatment is undefined. If the horse is dysphagic,
antibiotics are indicated to prevent or treat aspiration pneumonia. Feeding
should be performed on the ground to allow drainage from the pouch.

The removal of inspissated caseous exudate is difficult using conservative
means, and surgery may be required, especially to extirpate chondroids.
Lavage with 20-60 ml of 20% (w/v) acetyl cysteine solution can sometimes be
effective at breaking up viscous discharges and inspissated concretions, but
treatment four times a day for many weeks is often required. Acetyl cysteine
solutions are irritating, and assessment of cranial nerve function should be per-
formed for the duration of treatment with this drug. Endoscopic removal of
chondroids may also be possible using basket forceps, but the quantity of ma-
terial accumulated in the pouch may make this procedure difficult and time-
consuming. Recently, the use of a memory-helical polyp retrieval basket
through the biopsy channel of the endoscope has proved to be a more effec-
tive nonsurgical treatment option.

Surgical drainage may be indicated for the evacuation of chondroids and in
cases where there is loss of patency of the drainage ostium. Surgery is gener-
ally performed via a hyovertebrotomy or a modified Whitehouse incision. All
purulent material should be removed; otherwise, recurrence of the problem
may occur. Intraoperative endoscopic examination is helpful to check that
complete removal of all chondroids has been attained. A spoon or curette is
used to gently remove the inspissated material. Damage to the walls of the
pouch and the neurovascular structures must be avoided. If the empyema is bi-
lateral, a ventral Whitehouse approach is preferred so that both pouches can
be entered through the same incision.

Fistulation of the guttural pouch to the nasopharynx dorsal and caudal to
the pharyngeal drainage ostium should be considered in horses with impaired
drainage due to loss of patency of the ostium. Laser or electrosurgery can be
used to create the fistula. Alternatively, the cartilaginous flap can be resected
through a modified Whitehouse approach. An indwelling Foley catheter should
be placed into the fistula for about 14 days post-surgery to prevent it from heal-
ing over.

The prognosis for guttural pouch empyema is generally good. If the horse
is dysphagic due to cranial nerve damage, nutritional support may be required.

Chronic diverticulitis

Chronic diverticulitis without the presence of empyema may occur, possibly
associated with a previous episode of strangles. Clinically, it presents as a col-
lection of neuropathies where any combination of deficits of the glossopharyn-
geal, vagus, facial, spinal accessory, and sympathetic nerves may be present. It
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is assumed that the nervous pathways are damaged as an extension of the in-
flammatory process in the guttural pouch walls.

The diagnosis is established by a functional assessment of the cranial nerves
mentioned, combined with the endoscopic identification of a roughened thick-
ening of the guttural pouch lining.

The nervous form of diverticulitis carries a poor prognosis, especially if the
horse presents with dysphagia associated with damage to the glossopharyngeal
or vagus nerves. Treatment includes antimicrobial and anti-inflammatory ther-
apy coupled with lavage of the affected pouch(es), and supportive treatment.

GUTTURAL POUCH MYCOSIS
Guttural pouch mycosis is a fungal infection of the wall of the guttural pouch:

¢ Mycotic plaques form on the wall, usually over the internal or external
carotid arteries.

e Epistaxis can occur due to invasion of the arterial wall, and fatal hemor-
rhage may result.

e Other potential signs include cranial neuropathies, especially pharyngeal
paralysis, and Horner’s syndrome.

¢ Diagnosis is achieved by endoscopic examination.

¢ Treatment involves arterial occlusion to prevent hemorrhage.

¢ The prognosis for horses with pharyngeal paralysis is poor.

There is no apparent age, gender, breed or geographical predisposition for
guttural pouch mycosis, although the condition appears to most commonly af-
fect stabled horses during the warmer months of the year. Aspergillus spp. are
usually involved. The lesions consist of diphtheritic plaques of variable size,
composed of necrotic tissue, cell debris, bacteria, and fungal mycelia. The
plaques are closely attached to the underlying tissues. They are typically
brown, yellow, or black and white, and vary from a small focal nodule to an
extensive lesion covering a large part of the lining of the pouch (Fig. 8.8). The
fungal plaques are usually found in one of two characteristic sites:

® The majority are on the roof of the medial compartment, caudal and me-
dial to the temporohyoid articulation.
e Others occur on the lateral wall of the lateral compartment.

There is a close association between the predilection sites and the underly-
ing internal carotid artery, and the external carotid or maxillary arteries, re-
spectively.

On histopathological examination, fungal mycelia are found throughout
the diphtheritic plaque but also invading the underlying wall of the guttural
pouch and associated structures (including arteries and nerves). Erosion of the
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Fig. 8.8. Guttural pouch mycosis of the caudodorsal aspect of the medial compart-
ment of the right guttural pouch over the internal carotid artery (A). Note the stylohy-
oid bone to the left of the mycotic plaque. The endoscopic image in (B) demonstrates
blood clots interspersed with the mycotic plaque from a horse with an extensive my-
cotic plaque involving the entire pouch. (See also color section.)

wall of the internal carotid artery can result in aneurysmal dilation and even-
tual rupture. The underlying bone may also be affected, resulting in exostoses.
Erosion and fistula formation may occur in the median septum between the
two guttural pouches, and into the nasopharynx.
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The precise cause of guttural pouch mycosis is unknown. Aspergillus spp
are likely to be opportunist invaders rather than primary pathogens. An un-
derlying lesion of the arterial wall, such as an aneurysmal dilatation, has been
suggested as a predisposing factor. However, aneurysms may also occur sec-
ondary to the mycosis.

Most cases of guttural pouch mycosis are unilateral, although bilateral
cases can occasionally occur. The mycosis may erode through the median sep-
tum and invade the opposite pouch in chronic cases.

Clinical signs

The development of an invasive fungal plaque on the mucosal wall of the gut-
tural pouch can result in a variety of signs with consequences ranging from oc-
cult to fatal. The major presenting signs relate to arterial and neurological
damage.

Spontaneous epistaxis at rest is the most frequently observed sign. Often
this consists of a small quantity of fresh blood at one nostril in the first in-
stance. Mucus and dark changed blood may continue to appear at the affected
nostril for several days following the episode of epistaxis as blood that has ac-
cumulated in the pouch slowly drains out. A number of further minor hemor-
rhages may follow but, if untreated, a severe episode of bilateral epistaxis and
exsanguination may follow. It is unusual for the first episode of epistaxis to be
fatal, but the course of the disease from first to final hemorrhage rarely spans
more than 3 weeks.

Pharyngeal paralysis is the most frequent neuropathy that accompanies gut-
tural pouch mycosis. This results in dysphagia and the presence of ingesta in the
nasal discharge. Coughing and free return of water out of the nostrils while
drinking may be noted. Endoscopic evidence of pharyngeal paralysis includes
persistent dorsal displacement of the palatal arch, the presence of saliva and in-
gesta in the nasopharynx, weak pharyngeal contractions and a failure of one or
both of the pharyngeal ostia of the guttural pouches to dilate during deglutition.

Laryngeal hemiplegia is the next most frequent cranial nerve deficit encoun-
tered in horses with guttural pouch mycosis. However, this is unlikely to pro-
duce overt clinical signs noted by the owner.

Guttural pouch mycosis may produce a wide range of other signs referable
to the head and upper neck. These include facial paralysis and Horner’s syn-
drome, reluctance to lower the head to the ground and stiffness in the upper
neck, parotid pain, otorrhea, epiphora, and photophobia. An abnormal head
posture may be associated with pain in the atlanto-occipital joint when the
mycosis has extended into this joint. Rarely, inflammation or mycotic infection
may spread to the brain resulting in central defects such as blindness and
ataxia.

Diagnosis
Diagnosis of guttural pouch mycosis is made on the basis of the clinical signs,
history, and endoscopic examination. Clinical signs are not specific, but when-
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ever a horse is presented with spontaneous epistaxis, the possibility of guttural
pouch mycosis should be considered, because delayed treatment may result in
a fatal outcome.

Endoscopic examination usually reveals blood or mucus draining from the
pharyngeal ostium of the affected pouch (see Fig. 8.2B). A definitive endo-
scopic diagnosis of a mycotic plaque inside the guttural pouch is not always
straightforward. It must be recognized that the stress of handling the horse
may precipitate a fatal hemorrhage. In addition, endoscopic visibility within
the affected pouch may be poor after a recent hemorrhage (see Fig. 8.8B), and
accurate location of the lesion may not be possible. Care is required when ex-
amining the internal aspects of the guttural pouch, because dislodging a blood
clot could result in further hemorrhage. If the epistaxis has been recent, it is
sufficient to identify the stream of blood flowing from the pharyngeal drainage
ostium. In all cases of mycosis, the contralateral pouch should be checked for
extension of the disease through the medial septum and for concurrent bilat-
eral mycosis. A full endoscopic assessment of laryngeal and pharyngeal func-
tion is required for an accurate prognosis.

In cases where surgical occlusion of the affected artery is to be undertaken,
an attempt should be made to determine which artery is involved (i.e., inter-
nal carotid or external carotid/maxillary arteries). Endoscopic examination
may permit this assessment. The mycotic plaque or the adjacent inflammatory
reaction in the mucosa is identified.

Radiographic examination of the guttural pouches may show partial or
complete filling of the affected pouch by fluid. Although radiographs are not
required for diagnosis, occasionally a mycotic plaque can be visualized radi-
ographically. Bony exostoses or lysis of the stylohyoid bone may also be iden-
tified. Angiography can be used to demonstrate aneurysms of the internal or
external carotid arteries; this procedure must be performed under general anes-
thesia and is necessary only if the source of hemorrhage (i.e., which artery is in-
volved) cannot be determined by other means prior to surgical intervention.

Treatment

Both medical and surgical treatments for guttural pouch mycosis can be used.
The response to topical medication is usually very slow, and in view of the risk
of fatal hemorrhage, surgical occlusion of the affected artery is generally rec-
ommended. However, medical treatment may be attempted in cases where
there is no apparent imminent risk of hemorrhage. Topical antimycotic med-
ication (itraconazole) can be administered via a catheter placed into the pouch
in the same way as treatment for guttural pouch empyema. Direct placement
of the medication on the lesions via endoscopic guidance is the preferred
method of administration. Topical antifungal medication is frequently used as
an adjunct to arterial occlusion. If topical medical therapy alone is to be at-
tempted, treatment for several months is likely to be necessary. Systemic anti-
fungal treatment may also be effective, but the treatment is usually very
expensive. During any medical treatment there is a risk of hemorrhage. Horses
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that are dysphagic may require enteral support via nasogastric intubation or
esophagostomy.

Surgical removal of the diphtheritic membrane is not recommended because
it can precipitate fatal hemorrhage or severe cranial nerve deficits. If surgical
occlusion of the affected artery is performed, spontaneous remission of the
mycotic lesion is likely, and debulking the plaque is unnecessary. Surgical treat-
ment aims to occlude the artery over which the mycotic plaque is situated.
Prior endoscopic examination is generally adequate to identify which artery or
arteries are affected. If the lesion is extensive and overlies both the internal and
external carotid arteries, both arteries can be occluded simultaneously.
Anomalies of the arterial anatomy sometimes occur, and these can result in
failure of the surgery due to failure to prevent back-bleeding from the circle of
Willis. Angiography may be helpful to identify anomalies of the arteries if this
is suspected.

The major blood supply to the brain of a horse is the basilar artery. Thus,
occlusion of both internal carotid arteries or of the common carotid artery can
be undertaken without risk of cerebral ischemia. Retrograde blood flow from
the contralateral internal carotid artery and from the basilar artery means that
occlusion of the common carotid artery does not significantly affect blood pres-
sure in the internal carotid artery. Thus, emergency ligation of the common
carotid artery would not prevent hemorrhage from guttural pouch mycosis.

The internal carotid artery can be ligated immediately distal to its origin
from the common carotid artery, outside the guttural pouch. The surgical ap-
proach is similar to that used in the hyovertebrotomy approach to the guttural
pouch, but is placed more ventrally. The internal carotid artery usually origi-
nates on the cardiac side of the occipital artery and travels deep to that vessel
in a more rostral direction. In some horses it can be difficult to distinguish be-
tween the internal carotid artery and the occipital artery, and both arteries
may originate from a single trunk; in these cases, both arteries can be safely
ligated together.

The internal carotid is not an end-artery and therefore the placement of a
simple ligature on the cardiac side of the lesion will not always be successful,
because retrograde hemorrhage (from the cerebral arterial circle of Willis) may
occur. The placement of a single ligature does not reduce the blood pressure in
the vessel distal to the ligature. However, in many cases, thrombosis of the ves-
sel occurs following ligation, and this prevents serious hemorrhage. In order
to prevent retrograde flow in the internal carotid artery distal to the site of lig-
ature placement, a balloon-tipped silicone rubber catheter (4-8-French gauge),
detachable latex balloon, or a 6-French gauge venous thrombectomy catheter
can be placed into the internal carotid artery. The catheter is advanced about
13 c¢m to occlude the artery distal to the mycotic lesion; the catheter tip usu-
ally impacts at this distance, being the site of the second flexure of the sigmoid
at the roof of the guttural pouch. The catheter is inflated with sterile saline and
secured by ligation. The redundant part of the catheter is folded over and
buried in the deeper tissues prior to wound closure.
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The external carotid artery can be ligated at the same time as ligation of
the internal carotid artery via the same incision. However, numerous collat-
eral vessels are present that can result in retrograde flow to the lesion. The
most likely of these is the major palatine artery. A balloon-tipped catheter
or 6-F venous thrombectomy catheter can be inserted into the major pala-
tine artery via an incision 3 cm caudal to the corner incisor tooth. The
catheter is advanced in retrograde fashion 40-44 c¢m until its tip can be in-
flated in the maxillary artery immediately caudal to the caudal alar foramen.
The mucosal incision is closed and the redundant portion of the catheter is
brought out between the commissures of the lips, and tied inside a stock-
inette hood fashioned around the horse’s head. The catheter is removed after
10 days.

If the internal carotid artery is not being occluded at the same time as the
external carotid artery, a second balloon-tipped catheter needs to be placed.
The catheter or venous thrombectomy catheter is inserted 12 c¢m into the
transverse facial artery and directed in a retrograde fashion into the external
carotid artery. The balloon is partly inflated, and the catheter withdrawn until
resistance is met, at which point the balloon will be impacted against the ori-
gin of the superficial temporal artery. The balloon is deflated and advanced
2-3 cm in retrograde fashion into the external carotid artery, and then fully in-
flated. The wound is closed and the redundant portion of catheter fixed to the
hood as above. The major potential complication of external carotid artery oc-
clusion is blindness, especially when it is combined with internal carotid artery
occlusion.

The use of long balloon-tipped catheters has been associated with a high
complication rate due to incisional infection and catheter breakage. If wound
infection occurs, the catheter can be removed by a simple cut-down procedure,
performed under local anesthesia. These potential complications can be
avoided if a detachable balloon is used for distal arterial occlusion. Emboliza-
tion microcoils can also be used to produce arterial occlusion, but the proce-
dure requires fluoroscopy, specialized equipment, and expertise.

Prognosis
The prognosis for cases of guttural pouch mycosis not showing neurological
deficits is generally good following arterial occlusion surgery. Although a small
proportion of horses showing pharyngeal paralysis recover normal swallow-
ing function, destruction on humane grounds is a more likely outcome and is
indicated as soon as the patient shows signs of dehydration or aspiration pneu-
monia. Modest improvement of pharyngeal function can continue for more
than a year after resolution of the infection. Laryngeal hemiplegia resulting
from guttural pouch mycosis can be managed as for the idiopathic form recur-
rent laryngeal neuropathy.

Serious neurological complications, including cerebral abscessation, can
occur several days following apparent successful arterial occlusion in a small
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percentage of horses. The flow of septic emboli or fungi to the brain may have
been induced by the surgical manipulation of the artery in these cases.

OTHER DISORDERS OF THE GUTTURAL POUCHES

Other disorders of the guttural pouches include rupture of the longus capitis
and rectus capitis ventralis muscles, and avulsion fractures of the basioccipital
and basisphenoid bones. The longus capitis and rectus capitis ventralis mus-
cles insert onto the basisphenoid and occipital bones. Fractures at the junction
of the basisphenoid and occipital bones may occur as an avulsion injury in
horses that have reared over backwards. Affected horses usually present with
epistaxis and variable degrees of neurological damage of the brainstem; signs
of vestibular disease (including head tilt, nystagmus, and ataxia) are common.
Endoscopic examination can be used to confirm that the origin of the epistaxis
lies in the guttural pouches. There may be pharyngeal collapse, and blood is
seen draining from the guttural pouch drainage ostium. Hemorrhage, blood
clots, and submucosal hematoma formation may be seen in the rostral part of
the pouch, compressing the pouch medially. This endoscopic appearance dif-
ferentiates the condition from guttural pouch mycosis. The submucosal
hematoma may be seen in the median septum in both guttural pouches, but it
tends to be larger on one side. Radiographic examination identifies free fluid
in the floor of the guttural pouches, avulsed bony fragments ventral to the ba-
sisphenoid bone, and a step in the base of the skull indicative of a fracture of
the basisphenoid and basioccipital bones (Fig. 8.9). There is no effective treat-
ment apart from symptomatic therapies, and the prognosis depends on the de-
gree of neurological damage. The hematoma usually resolves spontaneously;
antibiotic treatment is indicated to prevent abscess formation.

Foreign bodies

Wire foreign bodies can penetrate into the retropharyngeal tissues and guttural
pouch, where they may damage the neurovascular structures. The clinical
signs include epistaxis, nasal discharge, dyspnea, dysphagia, and pain in the
upper neck with restricted movement. The diagnosis is determined by radi-
ographic examination. Although the radiographic identification of metallic
material in the caudal wall of the guttural pouch is easy, projections in two
planes are required for an accurate stereotactic location of the object.

Neoplasia

Neoplasia of the guttural pouches is rare. Ectopic melanosis (see Fig. 8.1) is a
common feature of the mucosa of the guttural pouches of grey horses, and pri-
mary melanomas can arise here. All regions of the horse richly endowed with
lymphoreticular tissue are potential sites for development of lymphoma, and
this tumor can arise in the tissues abutting onto the guttural pouches. Other
reported tumors at this site include squamous cell carcinoma, fibrosarcoma,
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Fig. 8.9. Lateral radiographic projection of a horse with vestibular dysfunction after
a traumatic head injury (flipped over backward). Note the evidence of hemorrhage
(soft tissue opacity) dorsal to the guttural pouch and the presence of bony fragments
from avulsion of bone by the longus capitus mm.

hemangioma, and hemangiosarcoma. Clinical signs can include parotid swell-
ing, epistaxis, cranial nerve dysfunction, dyspnea, and dysphagia.
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The Pharynx

ANATOMY

The pharynx is a funnel-shaped musculomembranous sac that represents both
a part of the digestive tract and a part of the respiratory tract. The tube con-
nects the nasal cavity to the larynx. It is wider and larger rostrally than cau-
dally. Its long axis is directed obliquely ventrad and caudad. The pharynx is
attached by its muscles to the palatine, pterygoid, and hyoid bones, and to the
cricoid and thyroid cartilages.

The cavity of the pharynx has seven openings: the two choanae (posterior
nares), two pharyngeal openings of the auditory tubes (Eustachian tubes), the
oral opening (isthmus faucium), the laryngeal opening (aditus laryngis) and
the esophageal opening (aditus esophagi). Caudal to the openings of the audi-
tory tubes, there is a median cul-de-sac (the pharyngeal recess). The dorsal
part of the pharynx (nasopharynx) is lined by ciliated epithelium, and the sub-
mucosa contains numerous lymphoid aggregates, especially around the pha-
ryngeal recess. The ventral part (oropharynx) is lined by stratified squamous
epithelium. The two parts of the pharynx are separated by the soft palate.

The soft palate extends caudally from the hard palate to the base of the lar-
ynx. The soft palate has an oral mucous membrane on its ventral surface, and
a respiratory mucosa on its dorsal surface. Within the substance of the soft
palate are located the palatine glands, the palatine aponeurosis, and the palat-
inus and palatopharyngeus muscles.

Several different muscles alter and control the size and configuration of the
nasopharynx, including muscles that control the position of the tongue, mus-
cles that control the position of the hyoid apparatus, a constrictor group of
muscles in the dorsal pharynx, and muscles that control the position of the soft
palate.
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The position of the soft palate is determined by the activity of different
groups of antagonistic muscles, including the levator veli palatini, tensor veli
palatini, palatinus, and palatopharyngeus muscles. The levator veli palatini
muscle elevates the soft palate during swallowing and vocalization. The tensor
veli palatini muscle expands the nasopharynx during inspiration by tensing the
palatine aponeurosis, depressing the rostral part of the soft palate toward the
tongue. The palatinus and palatopharyngeus muscles control the position of
the caudal half of the soft palate. Contraction of the palatinus and palatopha-
ryngeus muscles shortens the soft palate and depresses the caudal part toward
the tongue. The innervation of the soft palate is through the pharyngeal
branch of the vagus nerve, mandibular branch of the trigeminal nerve, and the
glossopharyngeal nerve. The caudal free margin of the soft palate continues
dorsally on either side of the larynx to form the palatopharyngeal arch.

DORSAL DISPLACEMENT OF THE SOFT PALATE
Dorsal displacement of the soft palate (Fig. 9.1) can be intermittent or persistent:

¢ Intermittent dorsal displacement of the soft palate occurs during exercise,
and is a cause of severe exercise intolerance, usually associated with an ab-
normal respiratory noise.

¢ The caudal border of the soft palate dislocates from its normal subepiglot-
tic position to obstruct the airway.

¢ The condition commonly arises secondary to other diseases of the respira-
tory tract, including inflammatory diseases affecting the pharynx, or dis-
eases that promote fatigue.

¢ Intermittent dorsal displacement of the soft palate generally occurs when a
horse reaches the point of maximum exertion.

¢ The diagnosis is based on the history, clinical signs, and endoscopic exam-
ination.

¢ Endoscopy during exercise on a high-speed treadmill may be necessary to
confirm the diagnosis.

¢ Conservative treatments include tack modifications, rest, and treatment of
underlying pharyngeal inflammation.

¢ Surgical treatments include staphylectomy, strap (sternothyrohyoid) muscle
resection, the Llewellyn procedure, epiglottic augmentation, tension palato-
plasty, and laryngeal tie-forward.

The function of the palatopharyngeal arch is to provide an airtight seal that
locks the larynx into the caudal wall of the nasopharynx. There is no commu-
nication between the nasopharynx and oropharynx. Thus, the larynx can be
thought of as being like a “collar stud” that fits through a “buttonhole” in the
soft palate. This mechanism renders the horse at exercise an obligatory nose-
breather. The intranarial siting of the larynx provides streamlining of the air-
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g l o y
Fig. 9.1. Dorsal displacement of the soft palate. The epiglottis is not visible, and the
soft palate is billowing dorsally during exhalation.

way. The larynx is suspended and held in place by the hyoid apparatus.
Rostrally the palatal arch passes ventral to the epiglottis; laterally, it passes lat-
eral to the aryepiglottic folds; and posteriorly, it runs caudal to the corniculate
processes of the arytenoid cartilages. Thus, the free border of the palate is not
visible by endoscopy when the larynx occupies its normal intranarial position.
The conformation and position of the hyoid apparatus not only affects the po-
sition of the larynx, but also may influence the size and configuration of the
pharynx.

The nasopharynx must withstand large changes in intraluminal pressure,
from 30-60 cm H,O during inspiration and expiration, without cartilage or
bony support. In addition, the nasopharynx is exposed to turbulent airflow at
peak velocities of 90-100 liters/second, which causes vibration of the soft tis-
sues within the nasopharynx that tend to lift the soft palate during expiration.
The stability of the nasopharynx during these large changes in intraluminal
pressure, and airflow is achieved by the contraction of skeletal muscles. Two
mechanisms may help resist the collapsing inspiratory pressure and the uplift-
ing expiratory pressure: extrinsic factors, including the muscles affecting hyoid
and laryngeal positioning and the resulting geometry and tension on the
nasopharynx; and intrinsic factors, such as dynamic nasopharyngeal muscle
activity.

Extrinsic factors
Historically, the epiglottis has been considered to play an important role in sta-
bilizing the soft palate, and a relationship between epiglottic hypoplasia and
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dorsal displacement of the soft palate has been recognized. A theory was pro-
posed that the epiglottis functions to hold the soft palate down, thereby pre-
venting dorsal displacement. However, this theory seems unlikely, because
horses with epiglottic retroversion and horses that have had the epiglottis sur-
gically removed do not demonstrate dorsal displacement of the soft palate.

In addition to the muscles that are part of the nasopharyngeal walls, the
hyoid apparatus, larynx, and muscles that affect the interrelationship between
the larynx and the hyoid apparatus may tense the soft palate and nasophar-
ynx. The muscles thought to play an important role in the position of the
hyoid apparatus include the geniohyoid, genioglossus, omohyoid, and ster-
nohyoid. Dysfunction of one or more of these muscles could result in an un-
stable nasopharynx.

Intrinsic factors
The coordinated function of four muscles determines the soft palate position:

e Tensor veli palatini muscle (innervated by the mandibular branch of the
trigeminal nerve)

e Levator veli palatini muscle (innervated by the pharyngeal branch of the
vagus nerve)

¢ Palatinus muscle (innervated by the pharyngeal branch of the vagus nerve)

¢ Palatopharyngeus muscle (innervated by the pharyngeal branch of the
vagus nerve)

Dorsal displacement of the soft palate can be persistent or, more commonly,
intermittent. Horses with persistent dorsal displacement of the soft palate
present with severe exercise intolerance and abnormal respiratory noise; there
may also be dysphagia and coughing. Persistent dorsal displacement of the soft
palate may be associated with concurrent epiglottal entrapment or with neu-
rological deficits.

Intermittent dorsal displacement of the soft palate arises as an acute respi-
ratory obstruction that occurs during fast exercise. The free border of the
palatal arch becomes dislodged from its normal subepiglottic position (i.e., the
collar stud disengages from the buttonhole), and the unsupported soft tissue is
inhaled into the rima glottidis. The condition can occur secondary to underly-
ing conditions, and may be a symptom rather than a disease in its own right.
The underlying causes which have been proposed include

¢ Conditions causing fatigue—e.g., unfitness; primary cardiovascular disor-
ders; primary pulmonary diseases, particularly small airway inflammation;
and other concurrent obstructions of the conducting airways, such as recur-
rent laryngeal neuropathy

¢ Disorders of the palate itself or which compromise its function—e.g., con-
genital and iatrogenic defects, ulceration of the free border, intrapalatal
cysts, and pharyngeal paralysis
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¢ Disorders of the epiglottis—e.g., hypoplasia, deformity, entrapment, sub-
epiglottic cysts, and epiglottitis

¢ Conditions causing mouth breathing—e.g., neglected dental enamel points;
retained temporary premolar caps; bits which are too harsh for the patient’s
mouth; and excessive flexion of the neck when being ridden, typically seen
in dressage and show horses

* Conditions provoking pharyngeal discomfort—e.g., pharyngeal lymphoid
hyperplasia, pharyngitis, pharyngeal cysts, current upper respiratory tract
infections, the presence of excessive discharges including mucopus or blood,
and neoplasia

¢ Neuromuscular dysfunction involving the extrinsic and/or intrinsic muscles

Studies of the condition using high-speed treadmill endoscopy suggest that
different forms of intermittent dorsal displacement of the soft palate can occur,
and some are associated with other dynamic respiratory abnormalities.

Clinical signs

Intermittent dorsal displacement of the soft palate affects horses during exer-
cise. The abrupt respiratory obstruction that accompanies intermittent dorsal
displacement of the soft palate not only causes a loud vibrant noise (“gur-
gling”) but precipitates a serious interference with the progress of the horse
(“choking up,” «
stride rhythm as it makes gulping attempts to restore the larynx into the intra-
narial position. Occasionally a horse will continue running noisily but with the
severe handicap produced by partial asphyxiation. As soon as the normal
anatomical configuration is restored, the horse is able to resume galloping and
will not appear distressed thereafter.

Intermittent dorsal displacement of the soft palate generally occurs when a
horse reaches the point of maximum exertion, typically in the later stages of a
race or during a competitive gallop in training. Racehorses (including trotters
and pacers) are mostly affected, but the dysfunction can occur in other occu-
pations, such as eventing.

The noise is due to vibration of the caudal edge of the soft palate during ex-
halation. In some affected horses (up to 30%) no noise will be heard.
Billowing of the cheeks may also be observed because of airflow diverted into
the oral cavity.

choking down”). In most cases, the horse completely loses its

Diagnosis
The diagnosis is based on the history, clinical signs, and endoscopic examina-
tion. If there is any doubt, endoscopic examination during exercise on a high-
speed treadmill may be necessary. Although a ridden exercise test should be
included for cases of suspected intermittent dorsal displacement of the soft
palate, it is unusual for a choking up episode to occur without the exertion of
a race or competitive gallop.

Intermittent dorsal displacement of the soft palate during resting endoscopy
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is frequently observed in normal horses and should not be regarded as an in-
dication of potential dynamic dysfunction during exercise. However, endo-
scopic confirmation of displacement of the soft palate dorsal to the epiglottis
despite multiple (two or more) swallows during an examination immediately
after exercise is suggestive of the diagnosis. Persistent dorsal displacement of
the soft palate should always be regarded as significant, and is an indication
for further investigation, such as radiography or endoscopy per os. Endoscopic
findings at rest are poorly correlated with those during exercise on a high-
speed treadmill. Endoscopy during exercise is currently the most effective way
of diagnosing intermittent dorsal displacement of the soft palate. If endoscopy
during exercise is performed, displacement of the palate may be observed at
different stages during the exercise protocol, as well as at different phases of
the respiratory cycle (i.e., inspiration, expiration, or swallowing). Displace-
ment of the palate that persists for 8 seconds or longer is considered signifi-
cant. Horses that are prone to dorsal displacement of the soft palate may
demonstrate displacement during a standing endoscopic examination when
the external nares are occluded; this procedure creates a negative pressure in
the pharynx that is comparable to that occurring during exercise (see Fig. 9.1).

Ulceration of the free border of the soft palate is a not uncommon observa-
tion during standing endoscopy. In the past it had been assumed that such ul-
ceration occurs as a result of repeated displacement and replacement of the
soft palate, but a recent study suggests that there is no significant correlation
between ulceration and displacement of the palate during high-speed treadmill
exercise. The significance of ulceration is, therefore, uncertain, and it should
not be assumed to be indirect evidence of intermittent dorsal displacement of
the soft palate.

In addition to diagnosing dorsal displacement of the soft palate, attempts
must be made to identify any predisposing factor(s). Even when a physical
evaluation is combined with endoscopy, radiography, bronchoalveolar lavage
and detailed clinical pathology, there are frequent cases where a specific cause
is not found.

Treatment

Every attempt should be made to eliminate the predisposing factors, including
unfitness, or, alternatively, to provide additional time or medication for recov-
ery from respiratory tract infections.

Conservative measures and medical treatments

Routine dental attention should be directed to the removal of enamel points
from the cheek teeth and to displace loose temporary premolar caps.
Noninfectious inflammatory airway disease should be treated.

Devices aimed to prevent the horse from retracting the tongue and opening
the mouth during exercise can be helpful. These include the tongue-tie or
tongue-strap, and the figure-eight or Australian noseband. Other tack modifi-
cations to decrease head flexion may also be tried.
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The pharyngeal branch of the vagus nerve is known to control the action of
three of the four intrinsic soft palate muscles. This nerve traverses the medial
wall of the guttural pouch and may, conceivably, be affected by inflammatory
lesions affecting the mucosa at this site. The high prevalence of pharyngeal
lymphoid hyperplasia, which also usually involves the walls of the guttural
pouches, in young horses may explain why intermittent dorsal displacement of
the soft palate is common in this age group. Owners of affected 2-year-olds may
consider waiting until the following year before considering surgical treatments
since the pharyngitis may resolve during the intervening time period.

Surgical treatments

Various surgical treatments are available. These include staphylectomy, strap
(sternothyrohyoid) muscle resection, the Llewellyn procedure, epiglottic aug-
mentation, tension palatoplasty and laryngeal tie-forward. In cases of persist-
ent dorsal displacement of the soft palate associated with epiglottal entrapment,
surgical treatment of the epiglottal entrapment should be undertaken.

Staphylectomy

Historically, it was believed that intermittent dorsal displacement of the soft
palate was due to elongation of the soft palate. Treatments were therefore de-
vised to reduce the length or “tighten” the free border of the palate. Attempts
to stiffen or thicken the free border of the palatal arch have included chemical
and physical cautery. However, the most frequent technique comprises resec-
tion of the edge of the palate, staphylectomy. This technique appears to be il-
logical inasmuch as the effect of the surgery is to increase the size of the
intrapharyngeal ostium so that the intranarial configuration of the larynx
would be expected to be less stable. However, there is agreement that a pro-
portion of horses are improved by staphylectomy—359% in one survey—and
it has been suggested that the improvement arises through a reduction in the
bulk of the tissues available to obstruct the rima glottidis.

Staphylectomy is performed under general anesthesia and through a con-
ventional laryngotomy incision at the cricothyroid membrane. The caudal free
edge of the soft palate is identified, and a crescent-shaped section of the soft
palate (0.75 cm at the midline, tapering to each side) is resected. The laryngo-
tomy wound can be partially or completely closed, or left open to heal by sec-
ondary intention. Dysphagia is a major complication of staphylectomy and
occurs if too much tissue is resected, resulting in loss of the seal between the
oropharynx and nasopharynx. Nd:YAG or diode laser augmentation of the
free border of the soft palate has also been used to induce scar tissue forma-
tion and to discourage palatal displacement.

Strap muscle resection

Inhibition of the laryngeal retraction that precedes dorsal displacement of
the soft palate may be achieved by section of the strap muscles—sterno-
thyrohyoideus myectomy. The procedure can be performed on the standing
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horse under local analgesia, but is more safely and more accurately carried out
under general anesthesia.

In the standing sedated horse, the head is elevated in cross-ties, and local
anesthetic solution is infiltrated at the junction of the mid and proximal cervi-
cal area. A 10 cm ventral midline incision is made, and curved forceps are used
to undermine each sternohyoid muscle. Following transection of the muscles
proximally, the distal segment of muscle is grasped and pulled cranially prior
to transection distally so that a 15 cm segment is removed. The smaller ster-
nothyroid muscles are then exposed on the ventral surface of the trachea, and
a section of each of these muscles is similarly resected. The skin is apposed in
an appropriate manner.

The same procedure can be performed with the horse placed under general
anesthesia. The omohyoid muscle can also be resected. Careful ligation of all
vessels should be undertaken prior to subcutaneous and skin closure with
placement of Penrose drains.

The complications of strap muscle resection are usually minor. Seroma or
abscess formation is sometimes seen, usually after omohyoid resection. The
overall success rate is reported to be around 60%, and is similar to that
achieved by staphylectomy. On the basis that myectomy and staphylectomy
performed independently produce approximately 60% success, some surgeons
hold that the two techniques performed together increase the possibility of in-
hibiting dorsal displacement of the soft palate.

Llewellyn procedure — Sternothyroid muscle resection and staphylectomy

The horse is placed under general anesthesia in dorsal recumbency. A 10 cm
ventral midline incision is made centred on the cricothyroid membrane. The
paired sternohyoid muscles are bluntly separated on the midline, and the ten-
don of insertion of the sternothyroid muscle on the thyroid cartilage is ex-
posed. Removal of a section of the muscle and its tendon is then performed
bilaterally. A laryngotomy and staphylectomy are then performed. Some sur-
geons also perform a sternohyoid myectomy (removing a 5 cm portion) or
epiglottic augmentation at the same time.

Epiglottic augmentation

With the horse in dorsal recumbency, a laryngotomy is performed and the
epiglottis inverted into the lumen of the larynx by grasping the aryepiglottic
fold on one side. Polytetrafluoroethylene (Teflon) is injected submucosally
along the ventral surface of the epiglottis. Three injections are usually made,
one along each side and one in the midline. A total of 3-7 ml is used. Alterna-
tively, one midline injection of 3 ml can be made, followed by digital redistri-
bution on the ventral surface of the epiglottis. The Teflon results in thickening
of the epiglottis by 30-50% due to sterile granuloma formation and fibrosis.

Tension palatoplasty
The oral palato-pharyngoplasty (Ahern procedure) is performed with the
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horse under general anesthesia and placed in dorsal or lateral recumbency.
Through an oral approach with long-handled scissors, an elliptical incision is
made in the oral palatine mucosa starting 1-2 ¢cm caudal to the hard palate
and extending caudally 1 cm past the palatopharyngeal arch. The palatine mu-
cosa and submucosa down to the aponeurosis of the soft palate is resected.
Care must be taken not to invade the aponeurosis; otherwise, a palatal fistula
may result. The palatine mucosa is reapposed with simple interrupted sutures
of absorbable material. This procedure reduces flaccidity of the soft palate at
the point where the prodromal billowing arises. Excision of a section of glos-
soepiglottic tissue is often performed via a ventral laryngotomy incsion con-
currently with the palatopharyngoplasty.

An alternative procedure involves cautery of the same area of the oral sur-
face of the palate. Similar success rates have been reported. Cautery of the
nasal surface of the soft palate can also be undertaken using transendoscopic
laser surgery in standing horses.

Laryngeal tie-forward

This is an experimental treatment that is currently being investigated. With the
horse under general anesthesia, sutures are used to displace the thyroid carti-
lage rostrally by 3-4 cm.

Prognosis

A cautious prognosis must be given for all horses in which intermittent dis-
placement of the soft palate is diagnosed. The results of the surgical treatments
outlined above are, at best, unpredictable.

PHARYNGEAL LYMPHOID HYPERPLASIA

Pharyngeal lymphoid hyperplasia, also known as follicular pharyngitis, is a
common and normal condition in young horses, especially those less than 2
years old (Fig. 9.2):

¢ Resolution of hyperplasia occurs as the horse ages, and it is unusual in
horses older than 5 years of age.

e Extensive pharyngeal lymphoid hyperplasia could affect performance and
cause an abnormal respiratory noise.

¢ Diagnosis is achieved by endoscopic examination.

® Most cases do not require specific treatment.

Pharyngeal lymphoid hyperplasia is probably the result of exposure to
novel antigens, including bacteria, viruses, organic dusts, and other allergens.
It affects virtually all young horses, and as such is considered a normal matu-
ration process. Resolution of the hyperplasia occurs as the horse ages and the
immune system matures. It is unusual in horses older than 5 years of age. The
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Fig. 9.2. Endoscopic view of the pharynx of two young horses with Grade Il (A) and
Grade Il (B) lymphoid pharyngeal hyperplasia. (See also color section.)

condition is characterized by extensive follicles of lymphoid hyperplasia on the
walls of the nasopharynx and pharyngeal recess.

Clinical signs
In most cases, there appears to be little interference with the performance of
young horses with pharyngeal lymphoid hyperplasia. However, some clini-



9 / The Pharynx 91

cians believe that extensive pharyngeal lymphoid hyperplasia might affect per-
formance because of a disturbance of normal laminar airflow and a reduction
of pharyngeal diameter. An abnormal respiratory noise may be heard in such
cases. In addition, inflammation of the pharynx and discomfort associated
with engorged follicles has been proposed to lead to dynamic collapse and dor-
sal displacement of the soft palate.

Diagnosis
Diagnosis is determined by endoscopic examination. The degree of pharyngeal
lymphoid hyperplasia can be classified using the following grading system:

¢ Grade 1: A few small inactive whitish follicles over the dorsal wall (normal)

® Grade 2: Numerous small inactive follicles, with occasional hyperemic
follicles, extending downward over the lateral pharyngeal walls (see Fig.
9.2A)

e Grade 3: More active follicles located close together, covering the entire
dorsal and lateral walls of the pharynx (see Fig. 9.2B)

¢ Grade 4: Large edematous follicles, frequently coalesced into broad-based
and polypoid structures

Grade 1 and 2 lesions are not associated with clinical signs. Grade 3 and 4
lesions might be associated with an abnormal respiratory noise, and possibly
with exercise intolerance. However, the precise relationship between pharyn-
geal lymphoid hyperplasia and exercise intolerance is difficult to establish.

Treatment

A variety of different treatments have been used for pharyngeal lymphoid hy-
perplasia. However, since this reaction is believed to be a normal maturation
process, most cases do not require specific treatment. Treatment should be
confined to the rare cases where a significant clinical problem exists.

Medical treatments have included intensive vaccination against equine in-
fluenza and equine herpesviruses 1 and 4. Pharyngeal sprays containing an-
timicrobial and anti-inflammatory agents can also be applied to the affected
region once or twice a day for 7-14 days. Rest may also be necessary in severe
cases.

Grade 4 pharyngeal lymphoid hyperplasia, which is refractory to medical
management, has been treated surgically with 50% trichloracetic acid, electro-
cautery, and cryotherapy. Topical treatment with trichloracetic acid and
cryotherapy can be performed under endoscopic control in standing horses.
Electrocautery is performed via a laryngotomy incision with the horse in dor-
sal recumbency. Laser photovaporization could also be used.

In addition to generalized lymphoid hyperplasia, large discrete polypoid ag-
gregates can arise. These are more likely to be clinically significant by virtue
of their size. These masses may be resected via a laryngotomy incision, or ex-
cised transendoscopically with an Nd:YAG laser.



92 Il / Noncontagious Diseases of the Upper Respiratory Tract

Surgical treatments are rarely necessary for pharyngeal lymphoid hyperpla-
sia and should be undertaken cautiously. A possible untoward sequela might
be the development of a pharyngeal cicatrix.

NASOPHARYNGEAL CICATRICES

A nasopharyngeal cicatrix is a transverse stricturing web of fibrous tissue in
the nasopharynx:

¢ Nasopharyngeal cicatrices occur most commonly in horses older than §
years of age.

* Most cases present with signs of exercise intolerance, abnormal respiratory
noise, or dyspnea.

e The diagnosis is achieved by endoscopy.

e Surgical treatments have been described for severe lesions.

Nasopharyngeal cicatrices have been reported most commonly in Texas,
and appear to be rare elsewhere. The cicatrix is frequently associated with la-
ryngeal abnormalities.

Clinical signs

Nasopharyngeal cicatrices occur most commonly in horses older than 5 years
of age. Females are reported to be affected more commonly than males. No
breed predeliction has been reported. Most cases present with signs of exercise
intolerance, abnormal respiratory noise, or dyspnea, although some cases have
been identified as an incidental finding during routine endoscopic examination
in asymptomatic horses.

Diagnosis

The diagnosis is achieved by endoscopic examination. A constriction is pres-
ent in the nasopharynx, involving only the soft palate or involving the whole
circumference of the pharynx (i.e., soft palate, walls, and roof of the pharynx).
Other abnormalities are commonly present, including arytenoid chondropa-
thy, epiglottic deformity, and deformity of the pharyngeal ostia of the guttural
pouches.

Treatment

Treatment may not be required if there is no respiratory impairment. Success-
ful treatment of cicatrices has been described in three horses; the cicatrix was
cut in one or more places in all three horses, and in one horse a cuffed orotra-
cheal tube was passed nasally to dilate the stricture. The nasopharynx ap-
peared to regain about 75% of its normal diameter in all three horses. Other
proposed treatments include laser ablation or bougie dilation. Treatment of
any associated lesion, such as arytenoid chondropathy, may be required.
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CLEFT PALATE (PALATOSCHISIS)

Cleft palate is an uncommon congenital deformity of unknown etiology:

* Most defects affect the caudal aspect of the soft palate (Fig. 9.3A).
¢ Acquired cleft palates can occur as a complication of dental or upper air-
way surgery (Fig. 9.3B).

A

Fig. 9.3. Congenital cleft palate (A) from a é-month-old Arabian foal with dysphagia
since birth. The lateral aspect of the soft palate is absent and the oral mucosa is visi-
ble from the nasopharynx. Also shown, an iatrogenic cleft palate (B), which occurred
during surgical correction of an epiglottic entfrapment using an oral hook.

y
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* Most affected animals present within the first few weeks of life with signs
of the appearance of milk at the nostrils, coughing after nursing and un-
thriftiness.

¢ Aspiration pneumonia is a common and serious complication.

¢ Diagnosis is confirmed by digital and visual examination of the oral cavity,
and endoscopy.

e Surgical treatment via a mandibular symphysiotomy and/or transhyoid
pharyngotomy can be attempted.

Defects of the hard and soft palates may be congenital or iatrogenic (see Fig.
9.3). The hard palate is formed by the fusion of the palatine processes of the
incisive and maxillae bones and the horizontal plates of the palatine bone.
These palatine processes normally fuse during embryological life in a rostral
to caudal plane around day 47 of gestation. Cleft palate is an uncommon con-
genital deformity. Most defects preferentially affect the caudal aspect of the
soft palate, but can rarely extend to the hard palate. Midline clefts are more
common than lateral defects. Hard palate cleft results from a failure of the lat-
eral palatine processes of these bones to fuse during embryonic development.
The etiology of soft palate congenital cleft is unknown, but the condition is
heritable in other species.

Acquired cleft palates are a complication of dental or upper airway surgery
(see Fig 9.3B). Hard palate clefts (oronasal fistulae) result from inadvertent
fracture of the palate by a tooth punch during repulsion of upper cheek teeth.
Soft palate clefts can result from using a hook knife through a nasal approach
for treatment of epiglottal entrapment.

The hard palate has a static role in separating the respiratory and digestive
tracts, and the soft palate dynamically closes the choanae during swallowing.
Failure of this separation between airway and digestive tract leads to contam-
ination of the nasal cavity and tracheal aspiration of feed material. The degree
of nasal and airway contamination is dependent on the size and location of the
cleft. A cleft rostral to the levator veli palatini muscle on the soft palate results
in nasal or nasopharyngeal contamination. Clefts caudal to levator veli pala-
tini muscles cause less consistent airway contamination.

A cleft soft palate leads to dorsal displacement of the soft palate during ex-
ercise and, therefore, an increase in expiratory impedance. This expiratory re-
sistive load appears to be due to the soft palate’s inability to form a proper
laryngopalatal seal around the epiglottis and arytenoid cartilages. During ex-
halation, this results in airflow being directed to the oropharynx, thus lifting
the soft palate into the nasopharynx and partially occluding its lumen, caus-
ing an expiratory obstruction.

Clinical signs

There is no breed or gender predisposition for congenital cleft palate. Most af-
fected animals present within the first few weeks of life with signs of the ap-
pearance of milk at the nostrils, coughing after nursing, unthriftiness, stunted
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growth, purulent nasal discharge, fever, depression, and signs of aspiration
pneumonia. Some horses with more caudal and shorter clefts go unnoticed for
many months and are presented with a history of recurrent lower airway in-
fection, stunted growth, and an occasional observation of feed material at the
nostrils. Cleft palate can also occur in association with wry nose and other
congenital abnormalities.

Acquired cleft palate usually presents clinical signs shortly after a surgical
procedure for treatment of upper airway disease or, more rarely, after treat-
ment of dental disease.

Diagnosis

A presumptive diagnosis of congenital cleft palate can be made on the basis of
the typical clinical signs. The definitive diagnosis is made by a combination of
an oral examination and endoscopic evaluation of the nasal cavity and na-
sopharynx. In young foals, digital palpation can assess the integrity of the hard
palate. The endoscopic diagnosis of cleft palate is made through observation
of a lack of palate continuity or by observation of oral structures, including
the pale oropharynx mucosa with its numerous folds and rounded elevations
containing the tonsils and the glossoepiglottic fold at the base of the epiglot-
tis. Congenital hard palate cleft is always on the midline, and soft palate cleft
may be on the midline (axial) or to one side (abaxial).

Treatment
The treatment of choice for cleft palate is one-stage surgical correction of the de-
fect, but the high complication rates (dehiscence of the repair site, chronic nasal
discharge, and high mortality rates) and frequent need for revisions have limited
the number of horses receiving surgical treatment. The status of the lower air-
way influences the anesthetic risk to the patient. Delay in repair increases the
chance of lower airway infection and poor growth, but the size of the oral cav-
ity and nasopharynx in young foals limits exposure for surgical manipulation.
Mandibular symphysiotomy and/or transhyoid pharyngotomy are the most
widely described surgical approaches. Both approaches allow acceptable ac-
cess with long instruments so primary repair of the cleft palate is possible. A
mucosa-periosteal sliding flap is used to close the hard palate. If adequate soft
palate tissue is available for repair with minimal tension on the incision site,
the standard method for closure of the soft palate in horses involves a three-
layer closure of the defect, using a combination of vertical and horizontal mat-
tress patterns. However, if significant soft palate tissue is missing so that palate
repair without tension is impossible, buccal mucosal flaps can be used. This
technique can be done only via a mandibular symphysiotomy.

Prognosis

The rate of successful healing of a repaired cleft palate may be as high as 70%
after one or more surgeries. It is not uncommon for one or two revisions to be
needed to obtain sufficient healing to resolve clinical signs.
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Reported complications associated with mandibular symphysiotomy include
dehiscence of the lip, osteomyelitis of the mandibular pin tracts, and sub-
mandibular abscesses. In addition, tongue paralysis can result from damage to
the hypoglossal or lingual nerves during surgery. One potential long-term
complication following transhyoid pharyngotomy is epiglottic retroversion at
exercise, because this approach has the potential to cause trauma to the hy-
oepiglotticus muscle and/or its innervation.

SUBEPIGLOTTIC, PHARYNGEAL, AND PALATAL
CYSTS

Developmental cysts are occasionally recognized in the pharynx as a cause of
dyspnea and/or dysphagia:

e Pharyngeal cysts may occur in the subepiglottic position (most common),
dorsal pharynx, or soft palate.

¢ Subepiglottic cysts (Fig. 9.4) are thought to be derived from the embryolog-
ical remnants of the thyroglossal duct.

e Large subepiglottic cysts can cause dysphagia and respiratory obstruction
in foals.

¢ In older horses, pharyngeal cysts present with signs of nasal discharge, dys-
phagia, poor performance, and abnormal respiratory sounds at exercise.

Fig. 9.4. Subepiglottic cyst in a 5-day-old foal presenting for dysphagia. The cyst
was intermittently visible in the nasopharynx (as seen in this picture), and was prima-
rily hidden under the soft palate in the oropharynx. (See also color section.)
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e Diagnosis is made by endoscopic and/or radiographic examination.
e Surgical treatment is recommended.

As mentioned, the most frequently encountered of these lesions is the
subepiglottic cyst which is thought to be derived from the embryological rem-
nants of the thyroglossal duct, a structure which runs from the level of the
epiglottis to the anterior mediastinum. Trauma or inflammation has also been
proposed as a potential cause of subepiglottic cysts. Less commonly, cysts may
occur in the dorsal pharynx, the walls of the pharynx and in the soft palate.
Cysts in the dorsal pharynx may represent remnants of the craniopharyngeal
duct or Rathke’s pouch, and palatal cysts may be of salivary origin.

Although cysts have been recognized in all breeds, they are most commonly
reported in Thoroughbreds and Standardbreds. It is believed that most sub-
epiglottic cysts are present from birth, but they may not be discovered until the
horse is mature and commences training.

Subepiglottic cysts consist of smooth-walled, sometimes multilobular, struc-
tures filled with straw-colored slightly tenacious fluid. They arise from within
the loose glossoepiglottic mucosa lying between the base of the tongue and the
epiglottis. They are covered by stratified squamous, pseudostratified, or cuboi-
dal epithelium. It is very rare for a subepiglottic cyst to be found that is not lo-
cated within an epiglottal entrapment.

Clinical signs

The age and manner by which the cysts cause clinical signs are dependent on
their size. Large cysts can cause dysphagia and respiratory obstruction in foals.
Such foals may present within a few days of birth with reflux of milk from the
nares. These cases require endoscopic examination for differentiation from
foals with palatal clefts or laryngeal dysfunction. They may also show clinical
signs of coughing, bilateral mucopurulent nasal discharge, and aspiration
pneumonia.

In older horses, pharyngeal cysts may present with a variety of signs, includ-
ing nasal discharge, dysphagia, poor performance, and abnormal respiratory
sounds at exercise. The nature and severity of the clinical signs varies with the
size of the cysts. Unlike foals, aspiration pneumonia is rare in older horses.
Horses with small subepiglottic cysts may present with a history of choking up
at exercise and will require differentiation from dorsal displacement of the soft
palate.

Diagnosis

The diagnosis of pharyngeal cysts is easily established by endoscopic exami-
nation, provided that the cystic lesions are available to be seen. Subepiglottic
cysts vary in size from 1-5 cm in diameter. They appear as smooth-walled
cystic masses situated under or slightly lateral to the epiglottis and above the
caudal margin of the soft palate. In some cases the cyst may be hidden from
view by the caudal edge of the soft palate; in such cases the area should be
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observed for several minutes and the horse made to swallow, which should
allow the cyst to become visible (often in association with an epiglottal
entrapment).

Occasionally horses with subepiglottic cysts have concurrent persistent dor-
sal displacement of the soft palate; in these cases, the cyst will not be visible
by nasal endoscopy and the horse will fail to return the soft palate to a
subepiglottic position despite numerous swallowing attempts. Other diagnos-
tic procedures, such as plain and contrast radiography, can help to identify a
soft tissue mass in the subepiglottic position in these cases. Alternatively, the
cyst may be visualised by endoscopy performed through the mouth with the
horse placed under general anesthesia. Soft palate cysts may also not be easily
identified by nasal endoscopy, and contrast radiography of the oropharynx
can be helpful to outline them.

Treatment

Surgical resection of subepiglottic cysts can be performed in several ways. A
snare of stainless steel or obstetrical wire, or an ecraseur can be passed
through the mouth of the horse placed under general anesthesia. The cyst is
placed into the loop of the snare with one hand, and then the snare is pulled
tight to amputate the cyst. Care is needed to ensure that only the cyst and its
mucosal lining are incorporated in the snare. Healing is usually rapid, and the
horse can be returned to work in 1-2 weeks.

Surgical resection can also be performed through a standard laryngotomy
incision with the horse in dorsal recumbency. The epiglottis is everted into the
larynx, and the cyst brought into view by applying traction to the aryepiglot-
tic folds and the subepiglottic tissues, using Alice tissue forceps. The cyst is dis-
sected away from the surrounding tissues and excised through its stalk at the
base of the epiglottis. The mucosal defect can be sutured or left to heal by sec-
ondary intention. Treatment for concurrent epiglottal entrapment, if present,
should be performed at the same time. In foals, where the cyst may have an in-
flammatory etiology, the aryepiglottic and glossoepiglottic mucosa around the
cyst should be excised to prevent recurrence. Rest for 4—6 weeks is recom-
mended following surgical resection.

If available, an Nd:YAG laser passed through an endoscope inserted via the
mouth can also be used to dissect the cyst free. Access for surgical dissection
of other pharyngeal and soft palate cysts is difficult but ventral laryngotomy
offers the best option. Iatrogenic fenestration of the soft palate is a likely sur-
gical complication when excision of palatal cysts is attempted. Non-contact
laser ablation can also be used.

Prognosis

Subepiglottic cystic lesions can often be excised intact and a favorable progno-
sis can be given. Recurrence is unlikely. Prognosis for other pharyngeal cysts
depends on their size and accessibility for surgical resection. The prognosis for
horses with soft palate cysts is generally poor.
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PHARYNGEAL PARALYSIS

Pharyngeal paralysis causes dysphagia, with food and water exiting via the
nostrils. Although dynamic collapse of the pharyngeal walls and intractable
dorsal displacement of the soft palate would lead to partial asphyxiation dur-
ing exercise, this is most unlikely to be a major presenting sign. Paralysis may
result from a brain-stem lesion involving the pharyngeal nuclear regions of the
glossopharyngeal (IX) and vagus (X) nerves, or a lesion affecting the periph-
eral parts of these nerves. Guttural pouch mycosis is the most common cause
of pharyngeal paralysis (hemiplegia). Other causes of pharyngeal paralysis in-
clude heavy metal poisoning (such as lead) and botulism.

PHARYNGEAL NEOPLASIA

Neoplasia of the nasopharynx is rare. However, all tissues that are rich in lym-
phoreticular elements are susceptible to lymphoma development, and this
tumor occasionally arises in the nasopharynx. Squamous cell carcinoma (Fig.
9.5) may invade the nasopharynx from the nasal cavity, or it may metastasize
to the retropharyngeal lymph nodes from a primary site in the oral cavity.
Other tumors at this location are very rare.

Signs relate to the size and location of the tumor masses. Dyspnea due to
airway obstruction, dysphagia, nasal discharge, and enlargement of subman-
dibular lymph nodes are likely. Neoplastic destruction of the palate may lead
to the formation of an oronasal fistula and ingesta-stained nasal discharge.

Diagnosis is achieved by endoscopic, radiographic, and histopathologic ex-
amination. Computed tomographic scanning provides information regarding
the size and extent of the tumor. Treatment is rarely possible. Radiotherapy
can be used to treat some tumors in this area. Alternatively, treatment by in-
tralesional chemotherapy or laser excision might be considered in appropriate
cases.

PHARYNGEAL TRAUMA

Iatrogenic injury to the pharynx may occur as a result of nasogastric intuba-
tion and as a result of surgical treatments of other upper airway diseases. The
use of an indwelling nasogastric tube in horses with gastric reflux has rarely
been associated with pressure necrosis and rupture of the pharyngeal wall.
Retropharyngeal emphysema and cellulitis, and descending sepsis along the
fascial planes of the neck can result.

Iatrogenic palatal defects can arise through overenthusiastic resection sur-
gery or laser surgery for dorsal displacement of the soft palate, and damage
from treatment of epiglottal entrapment. Excessive resection surgery of the
caudal border of the soft palate often leads to chronic palatal instability lead-
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Fig. 9.5. Endoscopic views of a squamous cell carcinoma originating from the oral
cavity partially obstructing the nasopharynx (A) and a giant cell tumor originating from
the dorsal pharyngeal recess completely obstructing the nasopharynx (B). The giant cell
tumor is vieweric retrograde examination through the trocﬁeotomy incision. The slits
on either side of the mass are the guttural pouch openings. (See also color section.)

ing to more severe signs of dorsal displacement of the soft palate. Horses with
an iatrogenically induced palatal defect may be subjected to treatment via a
mandibular symphysiotomy or an oral approach, depending on the size and
location of the defect.
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PHARYNGEAL AND RETROPHARYNGEAL FOREIGN
BODIES

Foreign bodies, including metal objects, twigs and thorns can occasionally
cause penetrating wounds to the pharynx and initiate infection in the retro-
pharyngeal tissues and/or guttural pouch:

¢ Foreign bodies in the pharynx or retropharyngeal area are a rare cause of
dysphagia and dyspnea.

e Swelling of the parotid region may be present.

¢ Diagnosis is made by endoscopic and radiographic examination.

¢ Endoscopic or surgical removal may be possible.

Clinical signs

Affected horses usually present with a combination of dysphagia, dyspnea,
swelling in the parotid region, purulent or bloody nasal discharge, and pain in
the throat region with reluctance to flex the poll.

Diagnosis

The diagnosis is confirmed and the location of the foreign body established by
a combination of endoscopy, radiography, and ultrasonography. Computed
tomographic scanning provides precise information regarding the extent and
location of the foreign body and damage to tissues.

Treatment

Treatment involves removal of the foreign body and elimination of infection.
The approach to removal of the foreign body is dependent on the location of
the object. Perioperatively, antibiotics and nonsteroidal anti-inflammatory
drugs should be administered. A temporary tracheotomy may be required if
there is severe dyspnea.

RETROPHARYNGEAL ABSCESS

A retropharyngeal abscess may develop as a result of septic lymphadenopathy
(e.g., Streptococcus equi infection) or following trauma to the pharynx:

® Streptococcus equi is the most common reason for retropharyngeal abscess
formation.

e Parotid swelling is accompanied by signs of dysphagia and dyspnea.

¢ Swelling/impingement of the medial compartment of the guttural pouch
may be seen via endoscopic examination.

¢ Diagnostic ultrasonography and percutaneous centesis are valuable diag-
nostic procedures.
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¢ Treatment options include prolonged antibiotic therapy, surgical drainage,
and percutaneous needle drainage.

Clinical signs

A unilateral retropharyngeal swelling develops, which causes lateral and dor-
sal compression of the nasopharynx, ventral compression of the guttural
pouch, compression of the larynx and esophagus, and lateral swelling of the
parotid region (Fig. 9.6). Dyspnea, inspiratory stertor, dysphagia, fever, in-
creased salivation, nasal discharge, and coughing may be noted.

Diagnosis

Diagnosis is determined by a combination of the physical examination, en-
doscopy, radiography, ultrasonography, and hematology. External palpation
over the parotid region of the affected side frequently produces a pain re-
sponse. Hematology reveals leukocytosis and hyperfibrinogenemia. On endo-
scopic examination per nasum, the nasopharynx appears constricted on the
affected side. The swelling may also cause distortion of the larynx, with me-
dial displacement of the corniculate process on the affected side. Endoscopic
examination of the guttural pouch often shows compression of the medial
compartment, often with a mass projecting from a caudoventral direction. In
some cases, purulent exudate may be observed draining into the guttural
pouch. Occasionally, an abscess may rupture into the nasopharynx, in which
case exudate will be seen draining from this site.

Lateral radiographic projection identifies a soft tissue mass that impinges on
the caudoventral aspect of the guttural pouch and causes a ventral depression
of the roof of the pharynx. The roof of the pharynx appears thickened.
Transcutaneous ultrasonography can be used to identify the abscess in some
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cases. Percutaneous needle aspiration is challenging due to the depth of the ab-
scess and the presence of vital structures. Ultrasonographic guidance may allow
the clinican to obtain an adequate sample for bacterial culture and sensitivity.

Treatment

Treatment options include medical therapy with broad spectrum antibiotics
and nonsteroidal anti-inflammatory drugs, surgical drainage of the abscess, or
percutaneous needle aspiration and instillation of antibiotics directly into the
abscess cavity. The latter technique is performed under ultrasound guidance.
In some cases a tracheotomy may be necessary, and nasogastric tube feeding
may be required in cases affected by severe dysphagia. Surgical drainage can
be achieved via an approach similar to the modified Whitehouse approach for
guttural pouch surgery or via Viborg’s triangle. Drainage via Viborg’s triangle
can be undertaken in the standing horse using regional infiltration with local
anesthetic solution. An 18-gauge needle can be inserted in the middle of
Viborg’s triangle and directed dorsally and cranially at an angle of about 45°.
When pus can be aspirated, a scalpel is advanced along the line of the needle
until the abscess cavity is opened.

Prognosis
The prognosis is usually good. Surgical treatment provides rapid resolution of
the problem, whereas medical treatment alone may take many weeks.
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The Larynx

The larynx is a short tubular structure that connects the pharynx to the tra-
chea. It functions as a valve, regulating airflow and preventing aspiration of
food, and is the major organ of the voice.

ANATOMY AND FUNCTION

The larynx, trachea, and lungs develop embryologically from the ventral wall
of the foregut, as a respiratory diverticulum. The epithelium and glandular
structures are derived from endoderm, but the cartilages and muscles originate
from mesenchyme of the fourth and sixth branchial arches.

The larynx is related dorsally to the pharynx and the proximal esophagus.
Ventrally, it is covered by the sternohyoid and omohyoid muscles, fascia, and
skin. Laterally it is related to the parotid and mandibular glands, the medial
pterygoid, digastricus, stylohyoid, and pharyngeal constrictor muscles. It is at-
tached to the basihyoid and thyrohyoid, and to the first tracheal ring by the
cricotracheal ligament.

The skeleton of the larynx consists of a framework of cartilages, that are
connected by joints (diarthrodial) and ligaments, and moved by extrinsic and
intrinsic muscles. There are three single cartilages—the cricoid, thyroid, and
epiglottis—and one paired cartilage—the arytenoids. The thyroid, cricoid,
and most of the arytenoids are composed of hyaline cartilage. The epiglottis
and parts of the arytenoids are composed of elastic cartilage. The thyroid and
cricoid cartilages frequently become mineralized with age.

The joints of the larynx include the cricothyroid, cricoarytenoid, and thy-
rohyoid joints. Ligaments include the cricothyroid, thyrohyoid, hyoepiglottic,
thyroepiglottic, and vocal ligaments. The extrinsic muscles consist of the ster-
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nothyrohyoideus, thyrohyoideus, and hyoepiglotticus muscles. The intrinsic
muscles include the cricothyroideus, cricoarytenoideus dorsalis and lateralis,
arytenoideus transversus, thyroarytenoideus (including vocalis and vestibu-
laris), thyroarytenoideus accessorius, and tensor ventriculi lateralis.

The cricothyroid muscles, which tense the vocal ligaments and folds, and
thereby adduct the vocal folds, are supplied by branches of the cranial laryn-
geal nerves. The other intrinsic muscles receive their motor innervation from
the recurrent laryngeal nerve. Abduction of the arytenoids is produced by con-
traction of the cricoarytenoideus dorsalis, and adduction is produced by the
thyroarytenoideus, arytenoideus transversus, and cricoarytenoideus lateralis
muscles.

The epithelial lining of the larynx changes at the level of the vocal folds
from stratified squamous rostrally to pseudostratified columnar ciliated cau-
dally. The mucous membrane is gathered into discrete folds where it passes be-
tween the arytenoids and the epiglottis; here it forms the aryepiglottic folds. It
forms the vocal folds (or “true vocal cords”) where it covers the vocal liga-
ments and muscles, and it forms the vestibular folds (or “false vocal cords”)
where it covers the vestibular ligaments and muscles. Between the vocal and
vestibular folds is a shallow depression, the lateral ventricle, which opens into
the laryngeal saccule. The laryngeal saccule is a blind-ending mucosal sac,
2.5-3 cm long, that extends dorsocaudally between the medial surface of the
thyroid and the lateral surface of the arytenoid.

The aditus laryngis, or pharyngeal aperture of the larynx, is a large oval
opening bounded by the epiglottis, the aryepiglottic folds, and the corniculate
processes of the arytenoids. Between the aditus laryngis and the vocal folds is
the vestibule of the larynx, which has the vestibular folds and laryngeal ven-
tricles as its lateral walls. The middle, narrow part of the cavity of the larynx
is called the glottis or rima glottidis. It is bounded by the vocal cords and me-
dial surface of the arytenoids. The posterior compartment of the laryngeal cav-
ity continues with the trachea. It is enclosed by the cricoid cartilage and
cricothyroid membrane, and has a transverse diameter of about 4-5 cm.

The blood supply to the larynx comes from the caudal laryngeal artery and
branches of the ascending pharyngeal artery.

During swallowing, the airway is closed off by adduction of the arytenoid
cartilages and caudal movement of the epiglottis. The caudal movement of the
epiglottis occurs passively as a result of rostral movement of the larynx. Solid
food passes over the epiglottis, and liquid material is diverted laterally around
the aryepiglottic folds.

IDIOPATHIC LARYNGEAL HEMIPLEGIA/RECURRENT
LARYNGEAL NEUROPATHY

Laryngeal hemiplegia due to recurrent laryngeal neuropathy is the most com-
mon cause of abnormal respiratory noise in the exercising horse:
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e The left side of the larynx is almost invariably involved.

® Recurrent laryngeal neuropathy leads to dysfunction and atrophy of the in-
trinsic laryngeal muscles, particularly the cricoarytenoideus dorsalis, which
leads to a failure of abductory function of the left arytenoid cartilage.

® Exercise intolerance occurs as a result of reduced cross-sectional area of the
rima glottidis, decreased inspiratory flow, hypercapnia, and hypoxemia.

¢ Diagnosis is based on the history, palpation of the larynx, endoscopic ex-
amination, and exercise tests.

¢ Endoscopic evaluation during exercise on a high-speed treadmill may be re-
quired to determine the significance of hemiparesis.

e Treatment is not always required in performance or pleasure horses.

¢ Exercise intolerance is most likely in racehorses.

e Surgical treatments include ventriculocordectomy, prosthetic laryngoplasty,
and arytenoidectomy.

¢ Improvement in exercise tolerance is easier to achieve with surgery than
abolition of abnormal noise.

Idiopathic laryngeal hemiplegia (recurrent laryngeal neuropathy) is caused
by damage to the recurrent laryngeal branch of the vagus nerve. It results in a
permanent dysfunction of the intrinsic muscles of the larynx. This causes par-
tial obstruction of the airway during exercise (Fig. 10.1) and compromised
athletic performance due to hypoxia. The condition almost invariably involves
the left side of the larynx, but very rarely right-sided or bilateral cases are en-
countered. The disease manifests itself as a failure to achieve or to maintain
full symmetrical arytenoid abduction under conditions of greatest respiratory
demand. The resistance to normal airflow causes turbulence in the airstream
that is the source of the characteristic abnormal inspiratory sounds—
“whistling” or “roaring.” Recurrent laryngeal neuropathy is the most com-
mon cause of abnormal respiratory noise in the exercising horse.

Although the condition is commonly referred to as laryngeal hemiplegia, in
fact there is a wide variation of disease severity from mild hemiparesis to
marked hemiparesis to hemiplegia. As a result, the clinical signs and clinical
significance are variable. Pathological changes can be found in the left recur-
rent laryngeal nerve and the muscles it supplies in some normal horses, indi-
cating subclinical disease can occur.

The underlying neurological disease, recurrent laryngeal neuropathy, con-
sists of a distal axonopathy whereby the larger myelinated nerve fibres degen-
erate from the motor end-plate proximally toward the cell body of the
neurone. The effect is atrophy of those muscles predominantly supplied by
the large myelinated fibers (Fig. 10.2), and for this reason the major adductor,
the cricoarytenoideus lateralis is afflicted before the major dilator of the rima
glottidis, the cricoarytenoideus dorsalis. However, defects of adduction rarely
provide overt clinical signs.

The structural changes in the nerves are believed to arise through an under-
lying defect of axonal transport. The condition may be related to the absolute
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Fig. 10.1. Grade 4 left laryngeal hemiplegia prior to surgical correction (A) and
after prosthetic laryngoplasty (B). Note the position of the left arytenoid at rest after sur-
gical intervention. (See also color section.)

length of the recurrent laryngeal nerve fibers, which are the longest lower
motor neurones in the horse. The left nerve is significantly longer than the
right. Although the disease is most severe in the left recurrent laryngeal nerve,
milder lesions can also be found in the right recurrent nerve and in some long
peripheral nerves of the distal hindlimb. It is possible that the distal axonopa-
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Fig. 10.2. Postmortem appearance of the larynx of a horse affected by Grade 4 left
laryngeal hemiplegia showing atrophy of the intrinsic laryngeal musculature on the left
side.

thy of recurrent laryngeal neuropathy has an inherited basis; however, the pre-
cise mode of inheritance is unknown. Other, less common causes of recurrent
laryngeal neuropathy include trauma to the recurrent nerve by perivascular in-
jection of irritant drugs; damage to the vagal trunk by guttural pouch mycosis
or strangles abscessation; toxicity by heavy metals, such as lead, or organo-
phosphates; and nutritional deficiencies, such as thiamine.

Clinical signs of recurrent laryngeal neuropathy, including exercise intoler-
ance and stridor at exercise, are caused by failure of the principal abductor of
the larynx, the cricoarytenoideus dorsalis muscle. The degree of neurogenic
myopathy correlates with the severity of the nerve lesion. During exercise, the
arytenoid cartilages are normally held in full symmetrical abduction, which is
sustained throughout all stages of the respiratory cycle. Prolonged and con-
stant dilatation is necessary to prevent dynamic collapse of the larynx in the
face of increased negative inspiratory pressures. Failure of the neuromuscular
unit results in partial obstruction of the airway. As the cross-sectional area of
the rima glottidis is reduced, the pressure differentials within the larynx in-
crease to maintain the airflow necessary to sustain exercise. The collapsing
forces rise and the paralyzed cord is drawn even further across the airway
(Venturi effect). When the demands for inspiratory flow reach their peak, af-
fected horses show flow limitation, increased inspiratory resistance, inability
to maintain normal coupling between respiration and stride, and depression of
arterial oxygen tension. The abnormal inspiratory noise produced with exer-
cise is the result of air turbulence created by the asymmetric larynx.

Prevalence
Recurrent laryngeal neuropathy has been identified in foals and fetuses.
Clinically, horses of any age from birth onward may be affected. However, it
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is not clear whether the disorder is invariably present from birth or whether it
is progressive.

Horses over 16 hands tall are most susceptible, and the condition is rare in
ponies. It is estimated that about 50% of horses more than 17 hands tall are
clinically affected. Stallions and geldings appear to be at increased risk com-
pared to mares.

The prevalence of idiopathic laryngeal hemiplegia in the Thoroughbred is
not known and there are widely varying estimates (0.96-95%) in the litera-
ture. The frequency of true hemiplegia—i.e., where there are no active abduc-
tory or adductory movements by the left arytenoid cartilage and vocal fold, is
in the order of 2%. The clinical signs of laryngeal hemiplegia in racehorses
usually appear before the horse is 6 years old. However, in the performance
horse, the signs may not appear until later.

Clinical signs

Affected horses usually produce consistent inspiratory sounds that can be
heard throughout the period of exertion at the canter and gallop. The sounds
range from a low-grade musical whistle to a harsh roaring noise. The sound
usually gets louder the longer and harder the horse works. Disappearance of
the noise usually occurs within a short time of pulling up, and a resting respi-
ratory rate is attained in a normal time period.

Some horses with laryngeal hemiplegia produce adventitious respiratory
noises only under extreme exertion, and examination by endoscopy during
high-speed treadmill exercise may be necessary to determine whether the noise
stems from abrupt dynamic collapse of the paralyzed arytenoid cartilage or
from secondary dorsal displacement of the soft palate.

Exercise intolerance or poor performance in addition to an abnormal noise
is common in racehorses. Event and steeplechase horses can also experience ex-
ercise intolerance because they compete at high exertional levels over significant
distances. The effect on exercise tolerance in horses performing less strenuous
exercise can be very difficult to estimate. In many competition horses, hunters,
and pleasure horses, the disease manifests simply as an adventitious noise with
little or no effect on performance or exercise tolerance. However, head and
neck position can influence the performance-limiting effects of laryngeal hemi-
plegia. Head and neck flexion alone can cause upper airway obstruction by de-
creasing the cross-sectional area of the respiratory tract; this increase in
respiratory impedance can compound the effects of laryngeal dysfunction.

Diagnosis
Diagnosis is determined by a combination of physical examination, en-
doscopy, and exercise tests. In some cases, endoscopic examination during
high-speed treadmill exercise may be necessary to determine the clinical signif-
icance of the lesion.

Palpation of the larynx is performed to identify atrophy of the intrinsic la-
ryngeal musculature, evidenced by prominence of the muscular process, espe-
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cially on the left side. The muscular process is palpated as a distinct “knuckle”
cranial to the dorsal border of the thyroid cartilage on the affected side.
Palpation should seek evidence of a cicatrix from previous surgery. Both jugu-
lar veins are examined for evidence of thrombosis. In addition, an assessment
of the strength of the slap response is performed, which is more accurately
judged by palpation than endoscopic examination. The horse is slapped over
the saddle area to induce a thoracolaryngeal reflex, which results in an adduc-
tory flicker of the contralateral arytenoid. The test is performed with the horse
breathing quietly and during the expiratory phase of respiration. The response
to slapping over both sides of the thorax is compared.

The arytenoid depression test is performed immediately after exercise. The
right side of the larynx is forced to adduct by digital pressure on the right ary-
tenoid muscular process. If the horse has left laryngeal hemiplegia, the addi-
tional obstruction caused by forced adduction of the right side results in a
notable increase in stridor.

The Grunt-to-the-Stick test depends upon startling the horse by threatening
with a stick. Laryngeal fixation in an incompletely closed position together with
a rapid rise in pressure within the airway produces a low-pitched grunt. This is
a test of the competence of laryngeal adduction, but the results are inconsistent.

Endoscopic examination at rest is the standard method of assessing laryn-
geal function. A rhythmic bilaterally symmetrical abductory movement of the
arytenoids occurring during inspiration is observed in the resting horse.
Asymmetry of the rima glottidis in cases of true left laryngeal hemiplegia is
usually obvious (see Fig. 10.1), but in cases of hemiparesis the asymmetry may
be more subtle and difficult to assess. Distortion of the image that arises from
the eccentric position of the endoscope in the nasopharynx must be taken into
account. Thus, when the endoscope is introduced through the right nostril,
false negative diagnoses are possible, but from the left side the left arytenoid
cartilage may give the false impression of inadequate abduction. Whenever
doubt exists, the endoscopy should be performed through each nostril in turn.

Nasal occlusion and induced swallowing (such as instilling water through
the endoscope) are used to induce abduction of the arytenoids so that dynamic
evaluation of arytenoid function is improved. A rapid abduction of the ary-
tenoids occurs immediately after swallowing. A comparison should be made
between the left and right sides.

Difficulties in interpreting the results of endoscopy are made worse by the
fact that many “normal” horses demonstrate some degree of asynchronous
abduction of the arytenoids at rest. A grading system with reproducible pa-
rameters is very helpful to eliminate the subjectivity of assessing laryngeal
function. Several different grading systems exist. A commonly used grading
system is summarized by the following:

e Grade 1: Normal. All movements, both adductory and abductory are syn-
chronized at rest and after exercise. Complete synchronous arytenoid ab-
duction is present.
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¢ Grade 2: Asynchronous movement, such as hesitation, flutters, adductor
weakness of the left arytenoid during inspiration or expiration, or both, but
full abduction is induced by swallowing or nasal occlusion.

¢ Grade 3: Asynchronous movement of the left arytenoid is present during in-
spiration or expiration, or both. The left arytenoid is no longer capable of
full abduction, and during adduction compensation by the right arytenoid
crossing the midline may be evident.

e Grade 4: Marked asymmetry of the larynx at rest, and there is lack of sub-
stantial movement of the left arytenoid.

Grades 1 and 2 are considered to be within the acceptable limits of clinical
normality; Grade 4 is considered abnormal, and affected horses would be ex-
pected to produce abnormal inspiratory noises during the exercise test. Grade
3 comprises equivocal dysfunction; some horses show no untoward inspira-
tory sounds at exercise, and others produce a characteristic whistle.

Endoscopic examination during high-speed treadmill exercise is necessary
to provide a complete assessment of laryngeal function, because the interpre-
tation at rest may be misleading. Treadmill testing is particularly helpful to
clarify the significance of Grade 3 motility. If possible, treadmill endoscopy is
performed with the horse wearing its usual tack, and with its head carriage
simulating the usual position during competition.

Treatment
Treatment is not required in all cases. Many competition horses and pleasure
horses perform adequately with the disease. Allowing horses to work with
less head and neck flexion can sometimes resolve problems associated with
exercise intolerance in performance horses without necessitating surgical
intervention.

A number of different surgical procedures have been used to treat the ob-
structive effects of recurrent laryngeal neuropathy. These include various ven-
triculectomy and cordectomy procedures, prosthetic laryngoplasty, temporary
and permanent tracheostomy, subtotal arytenoidectomy, and laryngeal rein-
nervation (nerve/muscle pedicle grafting).

Ventriculectomy and cordectomy

Ventriculectomy (also known as sacculectomy, or Hobday or Williams proce-
dure) involves removal of the mucous membrane lining from the laryngeal
ventricle and saccule. The procedure is often combined with excision of the
vocal fold (i.e., cordectomy). The benefits of the ventriculocordectomy proce-
dures are at best slight. It was originally believed that the ventriculectomy
would abduct and stabilize the arytenoid and vocal cord, and prevent dynamic
collapse of these structures during exercise. However, recent studies suggest
that the procedure has little effect on airflow. Despite these findings, the laryn-
geal saccule is known to be a resonator and is a major source of the abnormal
noise associated with laryngeal hemiplegia. Removal of the saccule, therefore,
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will remove a source of turbulent airflow and may improve exercise tolerance
in a small number of cases. Concurrent removal of the vocal cord provides a
larger airway and appears to be more effective at decreasing respiratory noise.

Despite the limitations, ventriculectomy or ventriculocordectomy is still
commonly performed. It is often done concurrently with laryngeal prosthesis
surgery. Some clinicians favor the use of ventriculocordectomy alone in mild
cases of recurrent laryngeal neuropathy. Unlike the laryngeal prosthesis surgery,
complications from the ventriculocordectomy are very rare. The procedure is
also indicated in those horses which, on the treadmill, are obstructed by the dy-
namic collapse of the vocal fold