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Introduction:

The cause of exercise-induced pulmonary hemorrhage in horses has generated much debate: current theories include stress failure of the pulmonary capillaries (West 1993), altered rheologic properties of blood (Weiss 1996), lower airway inflammation (O’Callaghan 1987, MacNamara 1990,Derksen 1992, Doucet 1998), and locomotory impact induced trauma (Schroter 1998).  Small airway inflammatory disease is a common cause of poor performance in racehorses, thus SAID as a precipitating cause of EIPH is an attractive theory.  Derksen and co-workers (1992) described the onset of pulmonary hemorrhage in conjunction with airway inflammation in horses sensitized with ovalbumin, and an association has been made between bronchiolitis and EIPH (O’Callaghan 1987).  More recently, however, Doucet (1998) found no significant differences between lung biopsy scores, airway reactivity, or BAL cytology in horses with EIPH versus controls. 

In order to explore the relationship between EIPH and SAID, a retrospective study was performed of 40 horses (19 Thoroughbreds and 21 Standardbreds, 19 mares, 10 geldings, and 11 stallions), between the ages of 2 and 6 (4.2 + .3) that were presented to the Large Animal Hospital at Tufts University for evaluation of poor performance.  All horses had been in race training during the preceding month, although the specific date of the last fast work was not reliably noted in the record.  Horses were admitted to the study if there was no history of infectious disease within the preceding 2 months, and if prior endoscopic examination and history indicated normal upper airway function.  The results of lung function testing using the forced oscillatory technique (FOT), histamine bronchoprovocation (HBP), and bronchoalveolar lavage (BAL) were examined (for further information on the specifics of  FOT and HBP in the lung function laboratory at TUSVM see article by Hoffman AM, in this proceedings). None of the horses had a history of epistaxis noted in the medical record. Horses were divided into those showing marked cytologic evidence of pulmonary hemorrhage v. little cytologic evidence of pulmonary hemorrhage as outlined below *.  This resulted in 10 horses in the LO group, and 30 horses in the HI group. 

Statistical analysis:

Data were not normally distributed, thus non-parametric methods were used for statistical analysis.  Means for FOT, HBP, and BAL cytology variables were compared between the HI and LO groups using a Mann-Whitney U test, with the grouping variable being the EIPH category.   A Spearman’s rank correlation coefficient was used to look for correlations between FOT, HBP, and BAL cytology variables in all 40 horses.

Results:

Twenty of the 40 BAL samples ( 50%) contained free erythrocytes.  Thirty-three of the BAL samples contained hemosiderophages (82.5%). With the exception of hemosiderophages (HMSD) and free erythrocytes, there were no significant differences between group means on analysis of bronchoalveolar lavage cytology.  Lung function using the forced oscillatory mechanics technique revealed significantly higher RRS at one Hz for the LO group v. the HI group (0.77 + .07 v. 0.59 + .04 cm H2O/L/sec).

When horses were grouped according to levels of airway reactivity (PC100RRS 0 to < 2 = group 3, PC100RRS 2 to < 6 = group 2, PC100RRS 6 to < 8 = group 1, and PC100RRS >8 = group 0), only the mean mast cell percentage shows a difference between groups (p = .001).  Comparison of means shows that only groups 0 and 4 differ, with the mean mast cell percentage in group 0 (low airway reactivity) being 0.8 + .3, and the mean mast cell percentage in group 3 (high airway reactivity) being 3.3 + .6.   No significant differences for any other BAL or lung function variables between the groups were seen. 

Evaluation of the group ALL using Spearman’s correlation coefficient to look for associations between indices of lung function, airway reactivity, and BAL cytology, reveals significant correlations between X RS 1 and the percent of macrophages (rs = .384, p = .01), R RS 1 and X RS 2 (rs = -.416, p = .008), R RS 1 and % hemosiderophages (rs = -0.335, p = .03), FRES and % lymphocytes (rs = 0.353, p = .03), and between FRES v. % of macrophages (rs = -0.404, p = .01).  We also found significant correlation between PC100RRS and % mast cells (rs = -0.419, p = .007) and between percent neutrophils and percent hemosiderophages (rs = .315, p = .04). 

Discussion:

The majority of horses in our study (82.5%) showed evidence of pulmonary bleeding when examined using bronchoalveolar lavage, similar to earlier studies (Meyer 1998, McKane 1993).  A technique has been described for quantification of EIPH with bronchoalveolar lavage (Meyer 1998).  However, although all horses in this study were in race training at the time of examination, the date of the last fast work, and the level of intensity of the work was not always known, thus, we divided horses into two groups: those that showed little or no evidence of bleeding (LO), and those that showed marked evidence of bleeding (HI).  The mean hemosiderophage percentage (26%) of the total macrophage population in our HI group was also similar to that of previous studies (Fogarty 1991, Meyer 1998, McKane 1993). 

Both baseline respiratory resistance in the LO group (0.77 cm H2O/L/sec), and resonant frequency in both groups (> 2.4 Hz) were above the normal previously reported by this laboratory (Hoffman 1998).  Horses in both the LO and the HI groups exhibited heightened airway reactivity with mean PC100RRS < 6 mg/ml of histamine. As FRES represents that frequency at which inertance is equal and opposite to capacitance, it gives an indication of the character of the reactance-frequency curve, and is reflective of changes in the peripheral airways (Reinhold 1998). In humans, an increase is seen in FRES in patients with COPD (Clement 1983) and with histamine challenge (Van Noord 1989), and Young et al (1997) have shown that FRES in horses with COPD increases significantly after antigenic challenge and decreases with bronchodilator therapy. The increased FRES, therefore, gives an indirect indication of possible small airway obstruction in both groups.  As measurements made at low frequencies reflect oscillation of the small airways (Grimby 1968), the elevated RRS1 in the LO group suggests that small airway obstructive airway disease was more pronounced in that group. 

Similarly, when associations between indices of airway hyperreactivity (AWHR), BAL cytology, and baseline lung function were sought for all horses, we found a significant negative correlation between R RS1 and the percent of hemosiderophages.  It may be that those horses with lower R RS1 were able to exercise at a higher intensity, thus predisposing to increased mean pulmonary arterial pressure and therefore increased bleeding or, alternatively, increased locomotory impact induced trauma.

We were unable to find any significant difference between the HI and LO groups with respect to indices of airway inflammation on BAL, although both groups had mast cell percentages above the normal range for our laboratory (> 2%).    However, when the population of horses was divided according to airway reactivity (PC100RRS) we found that the mean mast cell percentage for horses with marked airway reactivity (group 3) was significantly greater than that for horses with low airway reactivity (group 0), which supports earlier findings by this laboratory (Hoffman 1998, Mazan 1999). This finding was supported by finding a significant negative correlation between AWHR and mast cell percentages when the entire group was examined. 

When we evaluated the group ALL for correlations between lung function, AWHR, and BAL cytology, there is a weak but significant correlation between percentage of neutrophils and hemosiderophages; this slight tendency of neutrophils to accompany hemosiderophages may reflect an inflammatory reaction caused by blood, or, conversely may support the hypothesis that pulmonary inflammation precedes EIPH (O’Callaghan 1987). 

We also found that reactance (XRS1) was positively correlated with macrophage percent, and FRES was negatively correlated with macrophage percent, whereas FRES and lymphocytes were positively correlated. As reactance reflects mostly compliance at low frequencies, a high XRS1, and therefore low FRES, accompanied by a higher macrophage percentage would suggest more normal lung function than a low XRS1 accompanied by a lower macrophage percentage (Nagels 1980). Earlier studies (Derksen 1989, McKane 1993) have suggested that a decrease in the macrophage to lymphocyte ratio is associated with lower airway disease. There was also a negative association between R RS1 and XRS2, suggesting that as resistance increases, reactance decreases.  This inverse correlation is noted in humans with COPD, and may again reflect an element of obstructive airway disease in this group of horses. 

SAID has been thought to be a likely cause of EIPH in racing horses. However, the weak correlation between % of neutrophils and % of hemosiderophages is not sufficient to support this theory.  The forced oscillatory mechanics technique was useful in allowing us to characterize both baseline lung function and airway reactivity in this group of horses. Similar to Doucet (1998), we find that airway reactivity is common among a group of athletic horses, and we confirm our earlier finding of association between mast cell percentages in the BALF and AWHR.  Our finding, that R RS1 is within normal range and is significantly lower in horses with EIPH suggests that in this population of poorly performing horses, those with high EIPH scores do not suffer from the same extent of airway obstruction due to SAID as do those with low EIPH scores. Thus, EIPH most likely reflects a dynamic process that may occur within a group of horses regardless of the extent of airway inflammation. 

** Method for categorizing EIPH levels: Hemosiderophage and RBC levels were separately categorized with a 0 encompassing horses in the 25th percentile, and 1 all horses above that. The greater of the two scores (hemosiderophages v. RBCs) was then assigned to the horse, with LO = 0 and HI = 1. 
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