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We will discuss the practical aspects of the diagnosis (endoscopy; TW vs. BAL; sample processing; 
shipping samples; staining; etc.) and management of asthmatic horses in the field (environmental 
management – hay steamer, haylage, wetting hay down; nebulization; new therapies; etc.). 

Introduction: 

Recurrent airway obstruction (RAO), also known as heaves and inflammatory airway disease (IAD) are 
the most common chronic inflammatory airway diseases of horses. Although clinical manifestation is 
usually different between RAO and IAD there are similarities in etiology, pathophysiology and therapy. 
Furthermore, because of similarities between these conditions and human asthma, the term equine 
asthma has been coined recently to describe horses with IAD (i.e. mild-moderate asthma) to RAO (i. e. 
severe asthma).1 Differentiating severe from mild equine asthma and infectious respiratory diseases 
may also be challenging in some cases.  Criteria have been proposed to define each disease based on 
historical, clinical and functional tests. The purpose of this presentation is to review the current 
diagnostic tests for equine asthma and main treatments used to manage the disease. The goal is to 
provide veterinary technicians with evidence-based information and practical information to enable 
them to assist veterinarians diagnose and manage equine asthma in the field. 

Diagnostic tests for equine asthma: 

1. Endoscopy: 
1.1. Cervical trachea:   

The trachea is a flexible, non-collapsing tube which extends 70-80 cm (45-55 cm in ponies) from the 
cricoid cartilage of the larynx to the hilus of the lung.  The trachea spans the distance from the first 
or second cervical vertebrae to the sixth intercostal space.  Distally the trachea bifurcates into right 
and left principal bronchi.  The cervical portion of the trachea extends from the larynx to the 
thoracic inlet and the thoracic portion extends from the thoracic inlet to the tracheal bifurcation.  
The thoracic portion of the trachea wall is subjected to pleural pressure but the lumen is near 
atmospheric pressure.  Proximally, the trachea is superficial and is covered ventrally by the 
cutaneous colli and sternothyrohyoideus muscles.  Distally, towards the thoracic inlet, the trachea is 
covered ventrally by the sternocephalicus muscle.   

The horse’s trachea has 48-60 concentric, incomplete hyaline cartilage rings.  The cartilaginous 
rings are rigid and enclosed in a fibrous membrane which prevents collapse, and overlap dorsally to 
provide flexibility.  Because these rings overlap dorsally, the trachea can be collapsed laterally by 
manual pressure or pressure caused by enlarged external structures adjacent to the trachea.  
Dorsally the trachealis muscle is attached to the inner surface of the tracheal rings and helps to 
maintain the patency of the tracheal lumen.   



2 
 

Dr. Laurent Couetil, Purdue University CVM 
 

The tracheal lumen is lined by a mucous membrane consisting of ciliated pseudostratified 
columnar epithelial cells and mucus-producing goblet cells.  A blanket of translucent mucus coats 
the respiratory mucosa giving it a shiny, wet appearance (Fig. 1).  The mucus layer aids in removal of 
particulate foreign material from the respiratory tract.  The submucosa, deep to the mucous 
membrane lining, contains elastic tissue, which adds to the flexibility of the trachea. 

Figure 1: Endoscopic view of the trachea in a healthy horse.  

 

 

 

1.2. Intrathoracic airways: The ventral aspect is the trachea is lowest where it enters the thoracic 
inlet (Fig. 2A). As a result, excess mucous tends to pool at this level (Fib. 2B) and fluid infused 
during tracheal wash will be easily aspirated by advancing the catheter tip in the tracheal 
puddle. The intrathoracic trachea is usually narrower proximal to the carina due to the aorta 
pushing the left side of the tracheal wall inwards. The trachea ends above the heart base at the 
level of the left atrium slightly right of midline. The trachea then gives way to the left and right 
principal bronchi at the carina (Fig. 3). After the carina, airways are divided into lobar, 
segmental and sub-segmental bronchi, bronchioles, and finally terminal bronchioles (Fig. 4).  
The right cranial lobar bronchus originates from the right principal bronchus at approximately 
10 o’clock position (Fig. 3). The accessory lobar bronchus originates from the right principal 
bronchus at the 4 o’clock position next to the first bronchus of the right caudal lung lobe at 7 
o’clock. The right principal bronchus then becomes the right caudal lobar bronchus. The left 
principal bronchus becomes the left caudal lobar bronchus after supplying the left cranial lobar 
bronchus at 2 o’clock (Fig. 3). 

 

Figure 2: the white arrow indicates the lowest point of the trachea where mucus tends to 
accumulate (A). Endoscopy view of the lower third of the trachea with muco-purulent secretions 
pooling at the thoracic inlet (2B) 
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Figure 3: Endoscopic view of the carina. AccLB: accessory lobe bronchus; LCaLB1: first left caudal 
lobar bronchus; LCrLB: left cranial lobar bronchus; RCaLB1: first right caudal lobar bronchus; 
RCrLB: right cranial lobar bronchus 

 
 
Figure 4: Ventral view of the horse trachea-bronchial tree (adapted from Nakakuki et al. 1993). 

 
 

Left side of the horse 
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2. Tracheal wash (TW) 
1.2. Indications and when to choose TW vs. BAL 

The main indication for TW is diagnosis of infectious diseases (bacterial, fungal or viral) of the lower 
respiratory tract, such as bronchopneumonia, pleuropneumonia or lung abscess. Collection of 
bronchoalveolar lavage (BAL) fluid is most useful to diagnose diffuse lung disease, such as equine 
asthma (RAO or IAD), exercise-induced pulmonary hemorrhage, and certain infectious diseases (e.g. 
Equine Herpesvirus-5). 

Infectious lung disease, such as bacterial pneumonia, often leads to focal (e.g. cranio-ventral lung in 
case pneumonia) or multifocal disease and affected areas are often adjacent to unaffected areas.  
Secretions originating from affected lung segments will eventually collect in the trachea. In these 
cases, cytological analysis and microbiological culture of TW fluid is likely to yield an etiologic 
diagnosis. In contrast, fluid collected by BAL is only representative of the lung region distal to the 
bronchus where the tube or endoscope was wedged (usually the right caudal lung lobe with blind 
placement). Even with endoscopic guidance it is difficult to follow airways down to an affected lung 
segment.  As a result, it is common to obtain BAL samples with normal cytologic findings from 
horses with pulmonary infection.2  In cases of diffuse lung disease, such as equine asthma, BAL fluid 
cytological results correlate well with lung inflammation histologically with the exception of some 
severe cases that may show relatively few BAL neutrophils compared to the severity of lung tissue 
inflammation.3  Consequently, those horses with severe equine asthma but BAL neutrophilia < 20% 
are considered to have paucigranulocytic asthma.  

In cases of uncertain cause, it is best to perform both tests in order to maximize diagnostic yield.  If 
both diagnostic techniques are used, TW is performed first to avoid cross contamination. 

2.2 TW procedure 

There are two main techniques to collect tracheal secretions: 1) Transcutaneous catheterization in 
the mid-cervical region (transtracheal wash [TTW], https://youtu.be/gWRz-ecjGUs);  2) Through the 
working channel of an endoscope (tracheal wash [TW], https://youtu.be/PuhvtmXCGZ4).  The 
transcutaneous route is the most economical method and it allows bypassing of potential upper 
airway contamination of the sample. However, this method carries a risk of subcutaneous abscess 
formation at the puncture site because of seeding of tissue with infectious agents as the sampling 
catheter and needle are withdrawn. Otherwise, both TW and TTW methods are considered similar 
regarding cytological and bacteriological findings. 

Potential complication of TTW is pharyngeal contamination if the needle and catheter were directed 
upward or if the horse coughed during the procedure. Also, cutting off the catheter at the needle tip 
and loss into the airways is possible, particularly when the catheter is pulled out through the needle.  
Usually, the catheter is rapidly coughed out. Local cellulitis or abscess formation is particularly 
common with bacterial respiratory diseases. Subcutaneous emphysema at the incision site is 
uncommon. Tracheal trauma resulting in hemorrhage or a damaged tracheal ring with subsequent 
chondroma formation are rare complications. 

Potential complication of TW via endoscope is pharyngeal contamination if the horse coughs during 
the procedure. It may be difficult to aspirate fluid through the double-lumen catheter if secretions 
are particularly thick. Choosing a catheter with a larger lumen helps as does infusing additional 
sterile solution to unplug the catheter followed by gentle aspiration.  Direct aspiration of tracheal 
secretions via the instrument channel of the endoscope will result in contamination from proximal 

https://youtu.be/gWRz-ecjGUs
https://youtu.be/PuhvtmXCGZ4
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airways and will be inappropriate for microbiologic culture. If TW is performed to investigate non-
septic respiratory disease then, infusion and aspiration of sterile fluid using a sterile single-lumen 
catheter via the working channel of the endoscope is acceptable. 

2.3. Handling and preparation of TW fluid 

Large particles or chunks of mucus that are seen on gross examination of the fluid may be removed 
by passing the fluid through gauze, followed by preparation of cytocentrifuged smears. 
Alternatively, direct or centrifuged smears (using a regular table top centrifuge) are prepared from 
the fluid, depending on gross turbidity, using the squash technique between two slides. Slides are 
then air dried quickly, because TW fluid contains mucus and dries slowly. Once smears have been 
prepared, they are stained for microscopic examination. Alternatively, TW fluid may be shipped to a 
clinical pathology laboratory in an EDTA tube accompanied with unstained smears of fresh samples. 

2.4. Tracheal wash cytology: 

Normal TW fluid cytology should contain scant amount of mucus, a predominance of pulmonary 
alveolar macrophages (PAMs; 40-80%) and epithelial cells with (20-50%) with lower numbers of 
neutrophils (< 20%), lymphocytes (< 10%), and eosinophils (<1%). Mast cells are typically not 
detected in TW cytology. 

Cytology specimen demonstrating predominance of neutrophils with various degrees of 
degenerative changes (karyolysis and cytoplasmic vacuolation) and presence of intracellular or 
extracellular bacteria are consistent with infection and should prompt microbiologic culture of the 
fluid.  Coughing during TW procedure may lead to oropharyngeal contamination recognized by 
presence of squamous epithelial cells laden with bacteria.  Improper handling of TW fluid may also 
lead to degenerative changes of neutrophils in cases of non-infectious purulent inflammation.  The 
absence of bacteria or degenerative neutrophils does not rule out the possibility of an infectious 
disease.  Aerobic and anaerobic cultures are recommended in febrile horses or in animals with a 
history suggestive of infectious disease.  A Gram stain may help guide antibiotic therapy while 
waiting for culture results.  Culture of TW fluid from infectious cases resulting in no growth may be 
due to an insufficient number of bacteria, prior antimicrobial therapy, inappropriate culture medium 
(e.g. mycoplasma and fungal infections), or viral infection without secondary bacterial infection. 
Alternatively, a bacterial isolate should be considered significant if it is a known pathogen, fluid 
cytology is consistent with infection and clinical examination is suggestive of an infectious process. 

 

3. Bronchoalveolar lavage (BAL):  

3.1. BAL procedure:  

There are two main techniques to perform a BAL: Using an endoscope or performing it blindly using 
a BAL catheter (https://youtu.be/qwZOAZ5-xFM).  Pretreatment of horses with severe equine 
asthma (RAO or heaves) with a bronchodilator (e.g. inhaled albuterol 1 µg/kg or Buscopan 0.3 mg/kg 
IV) helps increase BAL fluid volume yield during the procedure.  

A volume of approximately 250 ml of warm sterile saline solution is infused (one bolus for 250 ml 
pressurized fluid bag or 4x60ml syringes). BAL fluid yield may be higher when using gentle suction 
with 60-ml syringes as compared to suction pump. Larger infusion volume may also be used (e.g. 
500 ml) however, it should be administered in 2 boluses with aspiration after the first infusion. The 

https://youtu.be/qwZOAZ5-xFM
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extra dilution needs to be taken in consideration when interpreting cell counts therefore, it is 
important to use the same infusion volume to obtain consistent interpretation.  

Average BAL fluid return is 40-70% of the infused volume. Lower return may be anticipated in horses 
with severe airway inflammation. Poor sample return (<20 ml) or clear fluid with no foam 
(surfactant) suggest incorrect tube placement (e.g. tube retroflexion, improper wedge, or placement 
in esophagus). If it is the case. the tube should be removed and the procedure repeated with  a new 
BAL tube. Low sample return with little foam is also common is horses with severe asthma. Is such 
cases, pretreatment with bronchodilator may improve yield and instilling a second fluid bolus (250 
ml) is helpful to obtain at least 40-50 ml of BALF (tube dead space ~ 20 ml). Coughing is expected as 
the tube is advanced into the airways and wedged. However, it usually stops promptly as soon as 
saline is infused. Therefore, lavage fluid should be administered as soon as possible after wedging 
and cuff inflation. Rarely, a horse may cough continuously during the procedure and in such case, 
the procedure should be aborted. Local, mild neutrophilic inflammation develops following the BAL 
but spontaneously resolves within 48 h. Normal training in performance horses may resume the 
next day. Transient pyrexia is very rare and usually resolves within 24 hours without treatment. 

 

3.2. Bronchoalveolar lavage cytology: 

Normal BAL fluid cytology should have mainly lymphocytes (20-40 %) and pulmonary alveolar 
macrophages (40-70 %), with < 5 % neutrophils, < 2 % mast cells and < 1 % eosinophils. 

 

A volume of 250-500 ml of warm sterile saline solution is infused (in one or two boluses) under 
pressure followed by immediate but gentle aspiration of the fluid using 60-ml syringes or a suction 
pump.  It is important to use always the same technique because the volume of fluid used as well as 
the number of boluses administered have a significant effect of cell count and differential.  Infusion 
of at least 250 ml is required to collect an appropriate BAL sample. On average, 50-70% of the 
infused volume can be aspirated.  Smaller volumes are retrieved from horses with collapsible 
airways such as moderate to severe asthma. Fluid samples should be processed within 1 to 2 hours 
or stored on ice or at 4°C if sample shipping to the laboratory is to be delayed.  Normal BAL fluid 
should appear slightly turbid with a layer of white foam on the surface (Fig. 5) and contain <400 
cells/µl. 

Figure 5: Appearance of normal BAL fluid. 

 

  

3.3. Handling and preparation of BAL fluid 
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Interpretation of BAL cytology requires expertise and experience therefore, it is not recommended 
that practitioners attempt to read their own slides. However, it is important to process and submit 
BAL appropriately to optimize cell preservation and interpretation by the laboratory. Ideally, the 
sample should be processed immediately; however, logistically, this is often not feasible. Storage 
time should be minimized for best cell preservation and restricting bacterial growth. If a short delay 
(<8 hours) is anticipated, refrigeration or placing the sample on ice is ideal. A delay of up to 48 hours 
is acceptable if the sample is refrigerated.   

 If large particles or chunks are seen on gross examination of the BAL, these can be removed by 
passing the fluid through gauze, although this is usually done in the laboratory. An aliquot of well-
mixed BAL should be submitted to the laboratory in EDTA (5-10 ml) to prevent cell clumping or the 
entire sample can be submitted in a sealed container kept cool if processing in-house. Do not add 
formalin or alcohol as it changes cell morphologic features dramatically. If submitting the sample to 
a referral laboratory, it should shipped overnight on an icepack in an insulated container, ideally 
with a smear prepared from the fresh fluid. To make a smear from the cell pellet, an aliquot of BAL 
(e.g. 20 ml) can be processed using a table-top centrifuge (e.g. around 328 x g for 6 minutes). The 
supernatant is decanted with subsequent resuspension of the pellet with remaining fluid (< 0.5 ml). 
Ten microliters (or a small drop) of equine serum can be added to the resuspended pellet to help 
preserve cells. The pellet is then smeared onto a slide using the traditional technique for making a 
blood smear and air-dried quickly (e.g. fan or hair dryer). This technique produces smears that are 
adequately diagnostic for neutrophilic pulmonary disease; however, the cells do not spread as well 
as smears made with a cytocentrifuge in referral clinical pathology laboratories and it is difficult to 
differentiate macrophages and lymphocytes. Most laboratories will make their own smears but 
submitting smears of fresh BAL helps interpretation due to storage-associated changes in cells. In 
this case, it is recommended to let the laboratory know how the smear was made. 
Cytocentrifugation is ideal for BAL cytologic analysis but the equipment is expensive and typically 
only available in laboratories.  

 Most clinical pathologic laboratories prefer to use their own equipment to stain slides, so 
submission of unstained smears is preferable. If in-house staining is desired, rapid Romanowsky 
stains such as Diff-Quik™ are widely available and convenient. A drawback to these stains is the lack 
of, or poor, staining of mast cell granules, leading to gross underestimation of the mast cell 
percentage. To avoid this problem, it is recommended that other stains, such as Leishman’s, Wright-
Giemsa, or May-Grünwald,Giemsa be used. 

 The total nucleated cell count (TNCC) and red blood cell (RBC) count in BAL can be determined 
with a hemocytometer (some laboratories will first filter the BAL before doing counts and smears). 
Directions are available from the manufacturer and involve mixing the fluid with a diluent (can lyse 
erythrocytes), loading the hemocytometer, counting nucleated cells within a prescribed area, then 
applying a mathematical formula to account for the dilution and volume analyzed. If a sample is free 
from mucus strands and grossly visible particles, it can be evaluated with an automated hematology 
analyzer to produce a TNCC and RBC count; however, no studies have been performed to evaluate 
this practice and it may be analyzer dependent. For example, manual and automated nucleated cell 
counts correlate poorly in pleural and peritoneal fluid samples with TNCC < 1000/µl and in most BAL 
samples, the TNCC is < 500/µl. The TNCC and proportion of cell types can be influenced by the 
volume of wash fluid needed to obtain the sample.  One study showed a lower percentage of 
neutrophils when 500 mL versus 250 mL of saline was used for collection, which could affect 
interpretation. Therefore, it is important to always use the same volume of fluid to perform a BAL 
(e.g. 250 ml). 
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Management of asthmatic horses in the field 

Treatment of equine asthma should combine environmental changes and medical therapy.  The 
goals of medical therapy are to control airway inflammation and relieve airflow obstruction using mainly 
corticosteroids and bronchodilators or antimicrobials when infection is suspected.   There are few peer-
reviewed clinical trials published regarding therapy of mild equine asthma. Most of the drugs and 
dosages recommended are based on studies performed on horses with severe asthma (RAO), however 
good clinical response has been observed using those guidelines.  Both systemic and aerosolized drugs 
are effective, however the potential for adverse effects and prolonged elimination times is greater with 
systemic administration.  The advantages of aerosol therapy are ease of administration and safety.  The 
disadvantages are cost of delivery devices and drugs (metered-dose inhalers).  Non-steroidal anti-
inflammatory and anti-histamine drugs are ineffective for the treatment of equine asthma. 

1. Environmental management: 
Inhaled dust particles play an important role in the pathophysiology of equine asthma and 
treatment should always include recommendation to decrease exposure to environmental 
irritants to airways.  Two main approaches help reduce exposure of the horse’s airways to 
respirable particles.  The first approach is to use feedstuff and bedding that generate low dust 
levels.  The second approach is to increase removal of airborne particles by improving 
ventilation in the barn or stall. The ideal environment for horses with severe asthma (RAO) is 
pasture because exposure to dust is significantly less than in stalls. If for practical reasons the 
horse cannot be kept on pasture, ventilation in the barn and stall, the type of bedding, feedstuff, 
and general management should be scrutinized in order to minimize allergen exposure. Most 
horses improve clinically 1 to 2 weeks after being turned outside on pasture.  Horses that only 
improve partially after being placed on pasture would benefit from medical therapy. Once the 
horse becomes free of clinical disease (remission), medication can be discontinued.  Because of 
the nature of the disease, susceptible horses may suffer another bout of the disease when 
exposed to allergens. 
Horses with summer pasture-associated asthma are generally affected between June and 
September.  The recommended environment for these horses during the summer is low-dust 
indoor housing.  The management of affected horses may be complicated by the fact that some 
animals suffer both from classic and summer pasture-associated asthma.  
Studies have demonstrated effective reduction in dust exposure when horses where fed haylage 
or soaked hay instead of dry hay. Supplementation of the diet with omega-3 polyunsaturated 
fatty acids in combination with low-dust feed is further effective in resolving clinical signs over a 
shorter period of time in horses with both moderate and severe asthma.  
 

2. Medical therapy: 
2.1 Antibiotics  
A large proportion of racehorses suspected of respiratory disease because of poor performance, 
cough, or nasal discharge are treated with antimicrobials usually without supportive evidence of 
bacterial infection. However, there is currently no controlled study reporting the efficacy of 
antimicrobials in the treatment of mild asthma. Available data shows no association between 
response to treatment and the type of antimicrobial used, duration of treatment or time 
elapsed between repeated examinations. Only 50 % of racehorses diagnosed with mild asthma 
based on excess tracheal mucus respond favorably to a single course of antibiotic therapy. 
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Therefore, there is currently no evidence-based data supporting the use of antimicrobials in 
horses with mild asthma. 
Some horses with asthma that develop exacerbation of clinical signs secondary to bacterial 
infection documented based on tracheal wash cytology and culture would benefit from 
antimicrobial therapy. But complete resolution would require following up with appropriate 
therapy aimed at controlling airway inflammation once infection is resolved. 
 
2.2 Systemic corticosteroids 

Corticosteroids are potent inflammation inhibitors proven to be effective for the treatment of 
severe asthma.  Recommended dosages are summarized in Table 1. Triamcinolone acetonide is a 
long-acting corticosteroid that may improve lung function for 2 to 4 weeks after administration of a 
single dose but administration should not be repeated at less than 3 months interval because of the 
risk of complications such as laminitis.   
Dexamethasone induces a marked improvement in clinical within hours of treatment but maximal 
benefit may take a week.  A reduction in BALF neutrophilia is evident within 3 days of therapy.  
Dexamethasone has good oral bioavailability however, it may be impaired by feeding. Oral 
administration of the drug may require high dosages (0.16 mg/kg) and be given after fasting to 
achieve consistent results.  Treatment of severely asthmatic horses with dexamethasone 21-
isonicotinate reduces airway obstruction within 3 days after treatment initiation with a maximum 
effect obtained after 7 days.  Isoflupredone acetate has similar efficacy as dexamethasone. 
 
Prednisone is poorly absorbed after oral administration of tablets or liquid forms.  Conversely, both 
liquid and tablet forms of prednisolone are well absorbed in the horse with a bioavailability > 50 %.  
Recommended dose is 0.5-1 mg/kg, once a day. 
 
Deleterious side effects associated with corticosteroid therapy depend on drug potency, dose used, 
and treatment duration.  Adrenal suppression may be minimized by giving medication in the 
morning when using alternate-day therapy.  Long acting and potent corticosteroids (e.g. 
triamcinolone, dexamethasone) are more likely to cause adverse effects such as immune 
suppression, iatrogenic Cushing’s disease, adrenal cortex suppression and laminitis. Discontinuation 
of dexamethasone after an extended treatment period (> 3 weeks) should be done carefully to avoid 
acute adrenocortical insufficiency.  Dexamethasone results in adrenal suppression for up to 3 days 
as compared to < 24 hours for prednisolone.  Therefore, discontinuation of prolonged 
dexamethasone therapy should be performed by slowly and gradually decreasing the dose until the 
least suppressive amount (0.01 mg/kg) is given every fourth day for a minimum of 2 weeks.  
Alternatively, dexamethasone therapy may be replaced by an equipotent dose of prednisolone (1 
mg dexamethasone ≈ 8 mg prednisolone) that will be tapered down to alternate day treatment.  
Before treatment is discontinued, an ACTH stimulation test should be performed to assess the 
adrenocortical reserve necessary for the horse to cope with stress. 
 

2.3 Inhaled corticosteroids 
Administration of therapeutic substances via inhalation has the advantage of delivering high 
concentration of the drug directly into the lungs while minimizing the amount absorbed systemically 
and therefore, reducing the risk of adverse effects.  In addition, systemic side effects and drug 
residue are decreased.  At least five different inhaled corticosteroids are available to treat 
inflammatory lung diseases in humans: Beclomethasone dipropionate, budesonide, flunisolide, 
fluticasone proprionate, and triamcinolone acetonide.  A common test of potency for inhaled 
corticosteroids called the McKenzie skin blanching test allows relative ranking of the compounds 
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from least to most potent (relative to dexamethasone potency = 1): flunisolide = triamcinolone 
acetonide (330) < beclomethasone dipropionate (600) < budesonide (980) < fluticasone propionate 
(1200).  Recommended dosages for these off-label inhaled corticosteroids are summarized in Table 
2. The latest and only inhaled corticosteroid approved for the treatment of equine asthma is 
ciclesonide (Aservo Equihaler; Boehringer Ingelheim). 
Clinical experience suggests that a combination of environmental measures aimed at decreasing 
dust exposure coupled with inhalation therapy using the same drugs effective against severe asthma 
is also beneficial for mild disease. Currently available aerosol delivery devices used to administer 
drugs packaged in metered-dose inhalers (MDI) provide similar clinical efficacy (AeroHippus™ and 
Equine Haler™). The Aservo Equihaler includes both the canister with inhalable drug and the aerosol 
delivery device in one handheld device. Improved clinical signs, decreased airway 
hyperresponsiveness, and reduced pulmonary inflammation are usually detectable within 2 weeks 
of therapy. Therapy with inhaled corticosteroids results in faster improvement of clinical signs and 
lung function as compared to environmental management alone.  
 

2.4 Systemic bronchodilators 
Bronchodilators are indicated to relax airway smooth muscle and relieve airflow obstruction, but 
they should not be used alone for extended periods of time because they have no anti-inflammatory 
properties and do not reduce airway hyperresponsiveness.  In addition, prolonged use of certain 
type of bronchodilators (e.g. beta2-agonists) as solo medication induces airway receptor down 
regulation and renders the drug less effective.  This phenomenon is prevented by combined use of 
beta2-agonists with corticosteroids.   
The three classes of substances available as systemic bronchodilators are anticholinergic, beta2-
agonist, and methylxanthine drugs (Table 1). Atropine is an anticholinergic drug that provides rapid 
and marked improvement in lung function however, potentially serious side effects such as ileus and 
abdominal pain can develop when high doses are used (22 – 88 mg) or with repeated 
administration.  Another anticholinergic drug, glycopyrrolate, has similar efficacy as atropine but 
without deleterious effects on gut motility. These drugs may be used as a single dose for the rapid 
relief of severe airway obstruction and for diagnostic purposes. 
Clenbuterol hydrochloride syrup (Ventipulmin®) is approved for the treatment of severe equine 
asthma.  Treatment should be initiated at the low end of the dose and increased progressively if no 
clinical response is noted.  Some horses (25 %) may not respond to clenbuterol even at the high end 
of the dose.  Clenbuterol has also anti-inflammatory properties and may help airway mucociliary 
clearance.  Mild side effects such as sweating, muscle tremors, and excitement occur in less than 10 
% of horses treated with oral clenbuterol.  Albuterol (beta2-receptor agonist) is poorly absorbed 
orally however, inhalation therapy results in rapid but short lived improvement in lung function (~1 
hour). 
Methylxanthine and derivatives may be beneficial in horses with asthma, however plasma levels 
necessary for bronchodilation vary widely between horses and the range between effective and 
toxic concentration is narrow.  Aminophylline and theophylline administered every 12 hours 
improve lung function and clinical signs in up to 50 % of affected horses.  Common side effects are 
hyperesthesia, hyperexcitability, and muscle tremors.  Pentoxifylline administered to horses with 
severe asthma results in significant improvement in lung function and is not associated with adverse 
effects. 

2.5 Inhaled bronchodilators 
Two main classes of inhaled bronchodilators have been used in the horse: beta2-agonist and 
anticholinergic drugs (Table 2).  Beta2-agonists induce airway smooth muscle relaxation regardless 
of bronchoconstriction mechanism and also inhibit mast cell degranulation.  Albuterol, levalbuterol, 
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pirbuterol, and fenoterol are short acting bronchodilators (1-2 hours) with rapid onset of action (5 
minutes).  Some horses may benefit from the effects of albuterol for up to 7 hours.  Salmeterol and 
formoterol are long-acting beta2-agonists (6-8 hours) suitable for twice daily dosing but with slow 
onset of action (15 minutes). Salmeterol is currently only available as a dry powder “diskus” that 
cannot be administered to horses. Albuterol results in maximal bronchodilation with 540 µg from 
metered-dose inhaler (~ 1 µg/kg) using an AeroHippus or Equine Haler delivery device but only 150 
µg (~ 0.3 µg/kg) when administered with ultrasonic nebulizer (e.g. Sahoma or Flexineb). 
 
Ipratropium bromide is an anticholinergic drug chemically derived from atropine but devoid of side 
effects when administered by inhalation.  Nebulization of 2 μg/kg causes bronchodilation for 
approximately 6 hours with a maximum effect obtained one hour after administration.  The effects 
of anticholinergic drugs on airway smooth muscle are additive to beta2-agonists. 
 

2.6 Other therapies 
Supplementation of diet with omega-3 polyunsaturated fatty acids (e.g. DHA and EPA; Aleira®) in 
combination with reducing exposure to dust results in improved clinical signs and lung function, as 
well as reduced airway inflammation. 
 
Sodium cromoglycate (cromolyn) improves clinical signs and decreases bronchial 
hyperresponsiveness when administered to horses with mild asthma characterized by a high mast 
cell count in BAL fluid.9  However, it is ineffective for the treatment of mild asthma with other 
inflammatory profiles. 
 
Oral administration of low-dose (50 – 150 U q24 hours) interferon alpha (IFNα) for five days reduces 
neutrophil, macrophage, lymphocyte, and total nucleated cell counts in the BALF of racehorses with 
mild asthma as well as cough for at least two weeks.10  Higher doses of IFNα (450 U) appear to be 
less effective.  Endoscopic scores based on respiratory exudate, cough, and pharyngeal lymphoid 
hyperplasia were significantly reduced after one week of therapy but were not different from 
placebo at 2 weeks. 
 

Table 1: Medications used systemically for severe equine asthma therapy. 

Medication Dosage Frequency of administration 

Corticosteroids   

Dexamethasone 0.04 – 0.1 mg/kg, IV or IM 

0.08 – 0.165 mg/kg PO 

Once per day or every 2 days 

Dexamethasone 21-
isonicotinate 

0.04 mg/kg, IM Every third day 

Isoflupredone acetate 0.03 mg/kg, IM  Once per day 

Prednisolone 1.1 – 2.2 mg/kg, PO Once per day 

Triamcinolone acetonide 0.04-0.09 mg/kg, IM No less than 3 months interval 
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Bronchodilators   

Aminophylline 5-12 mg/kg IV 

6 mg/kg, PO 

Every 12 hours 

Clenbuterol 0.8 – 3.2 μg/kg, PO  Every 12 hours 

Furosemide 0.5 – 1 mg/kg IV Every 8-12 hours 

Glycopyrrolate 0.0022 – 0.007 mg/kg, IV Once 

Isoproterenol 0.1 – 0.2 mg/kg, IV Once 

N-butyl scopolammonium 0.3 mg/kg, IV Once 

Pentoxifylline 35 mg/kg, PO Every 12 hours 

Theophylline 5-10 mg/kg, PO Every 12 hours 

 

 

 

Table 2: Medications used for aerosoltherapy of RAO in the horse. a Equine aerosol delivery device 
(not commercially available). b Aeromask and AeroHippus (Trudell Medical International, Ontario, 
Canada). c  Equine Haler (Jorgensen Laboratories). d EquiPoudre (Agritronics Int., Meux, Belgium). 

Drug Dose 
delivered per 
actuation 

Propella
nt 

Device Dose Duration of 
action 

Corticosteroids      

      

Beclomethasone 80 μg HFA  EADD a 1-3 μg/kg, q12 
hours 

 

Ciclesonide 343 μg Soft 
Mist™ 

Aservo 
Equihaler® 

2744 μg q12h for 
5 days; 4116 μg 
q24h for 5 days 

 

Fluticasone 220 μg HFA  Aeromask b 2-6 μg/kg, q12 
hours 

 

Bronchodilators      
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Albuterol 120 μg 

 

HFA EADD 360 – 720 μg 1-3 hours 

 

 

   AeroHippus b / 
Equine Haler c 

1 - 2 μg/kg  

Ipratropium  20 μg 

 

200 
μg/capsule 

 

0.02 % 
solution for 
nebulization 

 

CFC 

 

DPI 

 

 

2.5 ml 
vial 

 

Aeromask 

 

EquiPoudred 

 

 

Ultrasonic 
nebilizer 

0.2-0.4 μg/kg 

 

2-3 μg/kg 

 

 

2-3 μg/kg 

4-6 hours 

 

 

 

Fenoterol 200 μg CFC Aeromask 1-2 mg 4-6 hours 

Pirbuterol 200 μg CFC EADD 600 μg 1 hour 

Salmeterol  

 

50 μg CFC  Aeromask 210 μg  6-8 hours 

Cromones      

Cromolyn sodium 0.02 % 
solution for 
nebulization  

2 ml 
vials 

Jet nebulizer 

 

Ultrasonic 
nebulizer 

200 mg, q12 h 

 

80 mg q24 h 
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