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ABSTRACT 

  
Ladaga GJB, Pont Lezica F, Ulloa F, de Erausquin GA, Ruzzante G, 
Negrelli C, del Carril R . Evaluation of the efficacy of eformoterol on 
Exercise-induced Pulmonary Hemorrhage in training thoruoughbred 
horses. Online Journal of Veterinary Research 7 : 99-105 Exercise-
induced pulmonary hemorrhage (EIPH) is a major medical problem in 
competitive horses, with economic effects on breeders and trainers. The 
pathophysiology of EIPH is poorly understood and current pharmacological 
treatment is inadequate. Eformoterol is a b2 adrenergic agonist with putative 
vascular, bronchial, and anti-inflamatory effects. A blind trial of intramuscular 
eformoterol in thoroughbred horses with EIPH during competitive training was 
performed during 180 training sessions in 29 horses (2-4 years-old, 400-500 
kg). The first 90 sessions were used to classify horses with endoscopically 
confirmed EIPH in either light (LB) or heavy (HB) bleeders. Training sessions 
(speed 15.57-17.73 m/sec, 600- 
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1800 m) performed 2 h after receiving 0.040 (LB), or 0.080 (HB) mg 
eformoterol; were followed by physical evaluation at 40 min and endoscopy at 
60 min after completion. Following eformoterol, no epistaxis was observed in 
either group. Endoscopically, 95 % of LB had less than 1+ bleeding, and none 
had greater than 2+ hemorrhage. In HB, 85% had less than 1+ bleeding, and 
only one animal showed greater than 2+ hemorrhage. Performance was 
assessed as "optimal" by blind jockeys and trainers. Vital signs returned to 
baseline 40 min after the training session. The findings suggest that 
eformeterol given at the above doses did not induce abnormalities in training 
horses.  
   
KEYWORDS: eformoterol, thoroughbred, exercise-induced pulmonary 
hemorrhage. 

 
INTRODUCTION 

Most thoroughbred horses in competitive training or racing, especially when speeds reach 
above 14 m/sec, are likely to suffer exercise-induced pulmonary hemorrhage (EIPH) (Takahashi 
et al, 2001, Lapointe et al, 1994, Raphel and Soma, 1982). EIPH does not correlate with race-
finishing position (Pascoe et al, 1981, Raphel and Soma, 1982), but is generally assumed that 
bleeding adversely affects performance (Donaldson LL, 1991), and it has been associated with 
sudden death during racing (Gunson et al 1988). In addition to the clinical complications, EIPH 
is associated with significant economic loss due to veterinary expenses and loss of athletic 
productivity.  
  
The etiology of EIPH is not fully understood, but a combination of respiratory, circulatory and 
mechanical factors have been invoked (Donaldson LL, 1991, Johnson et al, 1992). Pathological 
studies in horses with history of EIPH revealed that dorsocaudal lung fields were most affected, 
with thickened bronchioles and neovascularization suggestive of small airway disease and 
secondary proliferation of the bronchial circulation (O´Callaghan et al, 1987, Oikawa M, 1999). 
These anatomical changes are likely to be chronic, and due to multiple instances of EIPH. 
Experimental studies in excised lungs from rabbits, dogs and horses have shown that 
exaggerated transmural alveolar pressures can cause acute disruption of the alveolar 
epithelium and capillary endothelium leading to interstitial edema and intra-alveolar 
hemorrhage (Birks et al 1997). Such findings have led to the hypothesis that EIPH is due to a 
combination of mechanical stress caused by extremely negative intra-alveolar pressures during 
inspiration and elevated capillary and pulmonary arteriolar pressures (Birks et al 1997), with 
secondary inflammatory responses leading to neovascularization. Lastly, since EIPH is not seen 
in horses undergoing sustained exercise but is nearly universal in horses after strenuous 
maximal effort, it is reasonable to assume that mechanical factors are also involved.  
  
Based on these pathophysiological data, we decided to assess the protective effect of the the b2 
adrenergic receptor agonist eformoterol on EIPH in thoroughbred horses undergoing 
competitive training. Eformoterol appears to be a rational choice for treatment EIPH on several 
grounds (Anderson GP, 1993). First, eformoterol is a powerful bronchodilator, and inhibitor of 
bronchoconstriction stimulated by angiotensin II, adenosine, tachykines, and histamine 
(Hoffman and Lefkowitz 1996, Ochsner M, 1996, Nightingale et al 1999, Verleden et al 1993, 
Advenier et al 1992, Nightingale et al 1999). Second, it reduces tachikynin and histamine-
induced increases in endothelial permeability and ensuing plasma exhudation, as well as 
tachykinin and histamine-induced neutrophile and eosinophile adhesion (Advenier et al 1992, 
O´Donnell and Anderson 1995, Baluk and McDonald 1994, Zink et al 1995). Lastly, eformoterol 
causes vasodilatation in the pulmonary circuit (Hoffman and Lefkowitz 1996). 



  
We herein report that eformoterol caused a reduction in frequency and severity of 
endoscopically assessed EIPH in in-training thoroughbred high-performance horses, in a blind 
trial carried out during standard training sessions in a naturalistic environment. 
  

 
MATERIALS AND METHODS 

We studied 180 training sessions in 29 high-performance horses with endoscopically 
confirmed EIPH (male and female, 2-4 years-old, 400-500 kg). Animals were on a normal 
feeding schedule. The first 90 sessions were used to classify horses according to the severity of 
bleeding. Thoroughbreds were classified -on the basis of the endoscopic assessments prior to 
the administration of the experimental drug- into two categories: 

1- Light bleeders (LB, maximum endoscopic evaluation 2+). 
2- Heavy bleeders (HB, endoscopic evaluation greater than 2+ in 
any training session). 

Endoscopic assessments were carried out 60 min after the end of the session, and were 
classified as shown in Figure 1, except the presence of epistaxis which was assessed by visual 
inspection.  

  

 
Figure 1. Endoscopic Assessment of EIPH. Assessments were 
carried out 60 min after the end of the training session with a 110 
cm flexible fiberendoscope without sedation, with a twitch for 
restraint. This allows detection of visible abnormalities from the 
nasal passages to the tracheobronchial tree. The presence of blood 
was read as: drops (a), traces (b), ½ + (c), 1+ (d), 2+ (e), or 
greater than 2+ (f). 

Animals worked in the San Isidro racetrack (Buenos Aires, Argentina), race field #2, 
between 1/28/2000 and 12/4/2000. During working sessions, field temperature oscillated 
between 0-25ºC, track conditions were normal to heavy and all speed measurements were 
taken on the same segment of track. Work sessions consisted of exercises performed at a 
minimum speed of 15.5 m/sec over 600 to 1800 meters. Eformoterol (Arterol, Laboratorio 
Fundación, Argentina) was administered intramuscularly in the neck, in a single dose 2 hours 
before the onset of the training session. Thoroughbreds classified as LB received a dose of 0.04 



mg, and those classified as HB received a dose of 0.08 mg. Vital signs were recorded at the 
time of injection (t0, whether or not eformeterol was given) and 60 minutes after the end of the 
training session. We measured heart rate (HR), respiratory rate (RR), depth of respiration, 
heart arrhytmias (auscultation), and arterial pressure (measured in the left front leg at middle 
radius level with sphigmomanometer and auscultation). To evaluate performance, jockeys and 
trainers, blind to pharmacological treatment, filled evaluation cards after each training session 
according to the following qualitative scale: 

  
Outstanding: no complaints or concerns 
Very Good: may lack speed or strength at the end of the run 
Good: may lack speed or strength during the run (“didn´t run well”) 

          Fair: may become short of breath, could not finish with speed. 
          Poor. became short of breath, could not finish the run. 

  
The average speed was very similar in the experimental and control sessions, and was 

not different between LB (15.57-17.73 m/sec) and HB (15.53-16.99 m/sec). As described, work 
sessions were similar in intensity to competitive training. The race track is made of sand, and 
for most days during the trial it was heavy, with cool temperatures (0-25º C).  
  

 
RESULTS 

  
Administration of eformoterol resulted in a marked decrease in bleeding episodes 

(Figure 2).  
  

 
Figure 2. Effect of eformoterol on endoscopic bleeding. Endoscopic assessments 
of thoroughbred horses during training sessions with (Eformeterol) and without 
(Control) intramuscular eformoterol. All assessments were performed by a 
veterinarian blind to the treatment received by the animals. Slightly more than 
half of the animals were heavy bleeders (HB) at baseline, and received 0.08 mg 



of eformoterol. The rest of horses entered in the study bled between 1 and 2+ 
(LB), and received 0.04 mg of eformoterol. Eformoterol resulted in a significant 
decrease in bleeding severity in  LB (c2:89.919, df=5, p = <0.001) and in HB 
(c2:111.404, df=5, p = <0.001).  no: normal endoscopic assessment. 
Epistaxis during training with eformoterol was not observed regardless of the previous 

classification of the horses. All horses classified as LB showed less than 2+ blood under 
endoscopy after administration of 0.04 mg eformoterol (95% were read as normal or less than 
1+). Only one horse classified previously as HB showed endoscopic bleeding greater than 2+ 
after administration of 0.08 mg eformoterol (85% were between normal and 1+). A summary 
of the vital signs of the thoroughbreds at the end of the training session is shown in Table 1.  

  

  
  

Light 
bleeders   

Heavy 
bleeders   

  baseline 
40' post-
exercise baseline 

40' post-
exercise 

Heart Rate 35±0.5 46±1.7 38±0.7 45±4.7 
Arrythmia  0  0  2  0 
Resp rate 14±0.4 21±1.3 16±0.7 19±1.8 
Deep 
breathing no yes no yes 
Blood 
pressure 

          
158±3.5          175±5 

         
150±4 

           
160±2.2 

  
  
  
  
  
  
  
  
  
  
  
  
  

 Table 1. Vital signs of Thoroughbreds suffering from EIPH following 
eformeterol treatment prior to intense exercise (average speed 16 m/sec 
± 0.75). Baseline values were recorded immediately prior to the 
administration of eformeterol, and 40' post exercise values were 
recorded upon return of the animals to their box. Values represent mean 
± SEM. . 

  
Vital signs returned to baseline within 40 minutes after exercise in eformoterol-treated 

horses.  
  

 
DISCUSSION 

  
The defining feature of EIPH is the relation of pulmonary bleeding to intense exercise, 

which has been observed in a variety of horse breeds (Lekeux et al, 1993; Stephen and  
Waewick, 1998). EIPH is exacerbated by age and speed, such that its incidence may be as high 
as 90% in thoroughbreds exercising with speeds greater than 14 m/sec (Sweeney CR, 1991, 
Lekeux et al, 1993). In our experience, there is a direct correlation between incidence of EIPH 
and effort magnitude (jockey demands, race track quality, etc), as well as the temperament of 
the horse. Thus, under routine training conditions there is a great deal of variability in the 
severity of bleeding. To minimize this type of variability, we standardized daily working 
conditions and assessed bleeding endoscopically after the animals practiced on a fixed segment 
of the race track, and with average speeds of 16 m/sec. In addition, we observed each horse on 
several training sessions with and without treatment and evaluated them blindly. In common 
veterinary practice, routine endoscopic examination is performed 30 to 120 minutes after 
exercise (Pascoe et al 1981, Raphel and Soma 1982, etc). We chose 60 min as an intermediate 
value. 

  



The presence of severe bleeding (greater than 2+) in any of the preliminary training 
sessions classified the horse as a HB. Administration of eformoterol resulted in a significant 
decrease in the severity of the bleeding episodes. Performance assessments by the jockeys and 
trainers, who were blind to the treatment, were "outstanding" in every case, whereas control 
assessments were on average "good" (data not shown). This could be attributed to a direct 
effect of the decrease bleeding, but we cannot exclude alternative explanations such as 
improved ventilation or perfusion. We are currently collecting data to address this question 
specifically. The only evident side effect of eformoterol was sweatiness at the injection site, 
likely caused by a direct b2 adrenergic action, since apocrine glands receive this kind of 
inervation in horses. In summary, we have shown that eformoterol significantly reduces EIPH in 
thoroughbreds undergoing competitive training. Most likely, the remarkable protective effect of 
eformoterol is due to a combination of vasodilatation, reduction of microvascular permeability 
(thus avoiding edema), inhibition of inflammatory factors, and reduction or closing of the 
endothelial gap (Barnes PJ, 1993; Faulds et al, 1991; Greiff et al, 1998; Lindberg et al. 1995; 
Mita and Shida, 1983; Nighitingale et al.1999; O’Donnell and Anderson 1995; Persson CGA, 
1993). Eformoterol-induced bronchodilation may reduce transmural alveolar pressure and also 
contribute to the protective effect against EIPH. 
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