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in lung tissue following infusion of autologous biood and
medmlcmeofPHhmcknghdrse&mwmn
should be made to eliminate EIPH during exercise and to
amellorateﬂnhlammatorymsponseonoehemniuge :

has occurred.
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introduction wﬂidmiclwndlsaase.posslblybronchospasm

. linked with the early stages of chronic bronchitis

Exercise-induced pumonary hemonhage (EIPH) ~ and puimonary emphysoma.

occurs commonly in performance horses and is In 1880, Robinson and Derksen® hypothesized

important cause of financlal loss to the equine in- that pumonary hemorrhage resulted from increased

in horses for over 200 years, & has been only within
the past 20 years that the source of the blseding
has been documented. This paper reviews recent
progress in the etiology and pathology of EIPH.
Criteria for the different grades of se-
verity of the syndrome are also offered.

During the past 20 years, several theoties have
been proposed about the etiology of EIPH. In 1974,

‘Cook' suggested that hemoirhage from heaithy
lung was unilikely and that EIPH occurred in horses

distending forces appiied to lung regions not venti-
lated homogeneously with the rest of the lung. Be-
causs lung muwunhpededdmaysnm
asynchronously with adjacent lung tissue ventilated
hormally, this hypothesis was not incompatible with
that of Cook.! Inelastic scar tissue within the lung
perenchyma or pleural adhesions from previous
mmmmmm
%o the accentuated distending forces.

in 1967, O'Callaghan and assoclates® described

'mmuuhbtonmumuymﬁonhpd-

monhary areas with evidence of previous EIPH epl-
sodes. They proposed that the source of subsequent
hemoirhage was the fragiie bronchial capitlary buds

) Coninued
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proposed to cause EIPH. Reduced platelet adhe-
siveness and acceleration of thrombin formation
with no evidence of fibrinolysis have been reported
in exercising horses.* One study showed no dif-
ference between the clotting profiles of EIPH-posl-
tive and normal horses.” However, a later study

ropathy (RLN) causes EIPH. With upper alrway ob-
struction, a greater negative pressure than normal
Is created during inspiration. This, along with the

- presence of pulmonary hypertension during in-

tense exercise, increases the pressure gradient
across the alveclar-capliary membrane, resulting
in hemorrhage of the alveolar walls.

More recent work by West and associates® has
persuasively shown that the first step In EIPH s
stress faliure (microrupture) of the pulmonary cap-
Naries, with RBCs inktially entering the interalveolar
spaces. The pathological significance of this step
is unclear, but evidence suggests that some com-
ponents in blood are very inflammatory to the al-
veolar tissue.®

The most subtie clinical evidence for EIPH is the
presence of hemasiderophages In tracheal washes.
Virtually 100% of horses in training show hemo-
siderophages In thelr tracheal washes,” confirm-
ing eartier suspicions that all strenuously exercised
horses suffer some degree of iung hemorrhage.

High Blood Pressure and Stress Fallure of
Pulmonary Capilleries in EIPH

mmwmmwm
ressarch on stress faliure of puimonary capiiaries
(SFPC) in the human lung to the problem of EIPH
inhorses. Thealveolar-cepliiary membrane ié com-
posed of the capllary endothelium, the interstiti-
um, and the alveolar epithelium. The mechanical
strength of the siveolar-capiiary membrane tomes
from the Type IV collagen in the interstitium, which
is composed of the basement membranes of the
capiiary endothetisl and alveolar epithellal celis.

With electron , Birks and assocl-
ates"™ demonstrated an extremely thin (0.535 um)
alveolar-capilary membrane in rabbit iung. At high
pulmonary blood pressures, the caplilaries bulged

lary membrane {um 0.759), andtmmmwalpres-
sures In excess of 68 mmig were required to rup-
ture the membrane.” Interestingly, the mean
alveolar-capifiary membrane thickness of horses Is
about 0.930 xm. in all species examined, the al-
veolar-capiliary membrane is hot uniform in thick-
ness but consists of thin and thick portions. The
thinnest walls would have the highest stresses and
the greatest probabllity for fallure. The pressure at
which SFPC occurs in horses has not been deter-

maximal pressures that can be sustained in rabbit
or dog lung without creating stress fallure.'>** Dur-
Ing fallure, ruptures appeer in the endothelial lining
ofthe pulmonary caplllaties, and RBCs escapeinto
the interstitium and alveoll.

However, this theory doas not explain the fact
that chronic, end-stage EIPH is confined tothe dor-
socaudal portions of the lung. Because of hydros-
tatic forces, the greatest intravascular pressiures
are expected in the ventral portions of the lung.
Therefore, EIPH lesions would be expected in the

sure but transmural pressure. Transmural pressure
may actually be higher in the dorsocaudal portion
of the lung, since alveolar tissue may be squeezed
between the diaphragm and lumbar muscle area
during strenuous exercise. Furthermore, the dor-
sal alveoll are probably larger than aiveoll in more
dependent areas of the kung, and increasing the
v&mdmmmﬁ\eﬂm\md
stress fallure in pulmonary capliiaries.*
it s important to note that the horse Is unique
among athietic animals in ks tendency to become
hypoxemic during intense exercise. Even other
members of the species (e.g., ponies) maintain
normoxia during maximal exercise.” The ony
conceming the equine alveolsr-capllary mem-
brane is that i is t00 thick to allow adequate gas
exchange {(physioiogically, this limkation is exhi-
bited by arterial hypoxemia during intense exer-
cise) and too thin to protect against the high pul-
: Continved
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‘monary capillary pressures generated during In-

tense exercise {thus, the occurrence of EIPH). It

appears that the cardiopulmonary vascular system
of the racehorse approaches or has reached the

Levels of EIPH
in previous literature about this disease, horses

are usually labeled "EIPH-positive” or "EIPH-nega-

tive". In light of studies that suggest all racehorses
in training have previous evidence of EIPH using
BAL' and studies that have measured very high pul-
monary capliary pressures in exercising horses, "'
there may not be any racing horses that are EIPH-
negative. If “EIPH-negative” is an inaccurate label
for horses, then previous studies that measured
the effects of furosemide on EIPH and perfor-
mance must be evaluated from a different per-
spective. .

We view EIPH as a condition present in all hor-
sas subjected to exercise above the level of intro-
Mwyuahhg.Thereappmtobe.nleastﬂva
separate levels that can be identified based on
thelccation and severity of the pulmonary hemor-
rhage.

LEVEL 1
Sknple rupture of capiilary endothelium allows
RBCs o escape into the interstitial tissue, but there
is no significant loss of cells into the pulmonary
alveoll :
LEVEL 2

Rupture of both capillary endothelium and al-
veolar epithelium allows escape of RBCs into inter-
stitial tissue and alveoll. Following this severity of
hemorrhage, hemosiderophages will be present in
the fluid of subsequent BALs. Because the amount
of blood released into the alveoll may be inade-
Quate to reach the trachea, no endoscopic
evidence of EIPH Is detactable in Levels 1 and 2 of
thedisease. Presumably, horses experiencing only
Lavel 1 or 2 of EIPH would be classified EIPH-nega-
tive following endoscopic examination.

LEVEL3

In Level.3 of EIPH, the amount of biood flowing
into the alveoll is sufficlent to ascend into the trg-
chea and be visualized with endoscopy (Fig. 1).

LEVEL 4 (EPISTAXIS)
. Epistaxis occurs in 1to 2% of racehorses and is

evidence of hemorrhage severe enough to be ex-

pellodfmmt!nmthnélsaphotographof

epistaxis in a Thoroughbred shortly after finishing
arace.

LEVEL § (DEATH) !

Figure 3 shows the lungs from a horse that ex-
perienced Level § of EIPH during a race. The horse
collapsad 400 meters out of the gate (Fig. 4), frac-
tured C-2 and C-3 of the cervical vertebrae com-
pressing the spinal cord (Fig. 5) as ik hitthe ground,
and died immediately on the track. At necropsy,
the entire respiratory passages (nasal cavity, tra-
chea, and bronchi) were filed with bioody froth.
The lungs were deep red to black, heavy, and firm,
consistent with being blood-filed. Histopathology

joining alveoli contained erythrocytes and hemo-
siderin pigment, suggesting previous bleeding epi-
sodes. Death was attributed to acute puimonary
hemorrhage.

Although the progression of severity through
Level 1 to Level § is logical, one study ® reported
that some horses died from EIiPH without evidence
of eplstaxis. At necropsy, those horsés exhibited
bloody froth in the trachea; however, no bicod was
evident in the nares. _

This five level description of EIPH integrates our
knowledge of its epidemiology and pathogenesis
and clearly estabiishes this condition as a continu-
um. At s least intrusive, this condition occurs In

.l horses in training and racing; at its most dram-
atic, it can resuit in collapse and sudden death of

horses early in a race.
While Level 1 is curently not clinicaily distin-

. guishable from Level 2, the singular event of this

hvd(uupodbloodmmml_ﬂdthwa)mx
ultimately, be the most significant occurrence of
EIPH, since It has the greatest potential to pro-
ducs cumulative pathological changes. it is likely
that red blood cells extravasated into the inter-

phages) of past damage. It is also likely that the

presence of hemogilobin in the interstitial tissue is
more of an irritant than the presence of red cells
in the alveolar sinus. Since simple infusion of
autologous blood causes definite pathological
changes,™ it seems likely that Level 1 EIPH, pos-
sibly assoclated with minimal clinical signs, could
ultimately be a very significant source of long-
term ’ :

pathological changes.
At the other end of the EIPH spectrum, the po-
WknpactofLwdsmonmclngmustalso
. Contirved
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EXERCISE-INDUCED PULMONARY HEMORRHAGE

FIG. 1 — Endascope view of blood-tinged trachea In & horse
mnmmdmnm.mwa
mmm

H&!—mh.Wﬁrllﬂ.
Courtesy of Richard H. Galley, Wiliow Park, Texas,

Ma. 3 — Blood-Mled lungs from & horss that experisnced
Lovel & of EPHdwingamoe. -

- i, 4 — Longitudinal fracture of C-2 and fracture of oranial

FiG. § — Severe discoloration of ~80% of dorsooaudal sec-
ton oflung. The affected area containe dark blue staining with
brown staining and imeguler arees of trapped air around the

jungs of a racing horse canlead to acute asphyxda-
tion on the track, elther during the race or very
soon after the completion of the race. The impact
of this spectacie ls significant on the racing public,
and this event needs to be recognized as one se-
quelae of the EIPH continuum.
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of EIPH

The first study of EIPH in a large number (813)
Wmmmmhm
and has generated soveral papers on this
topic. Mason and assoclates™ performed post-
mortem examinations on 26 of these horses and
reported that 56% of the lungs exhibited bronchi-
olﬂaandgoubdomkmefpmpu-
molmyhemormage.

{in ancther paper from the Hong Kong study,
O'Callaghan and associates’ described the lung
pathology in Thoroughbred racehorses of known
EIPH status. The most consistent gross finding
was a variable amount of dark biue, biue/grey, or
uwwmmuummmy-
ma. The lesions were bllaterally symmetrical and
typicaily confined to the dorsocaudal extremities
of the lung. in tore severely affected animals, the
lesions extendéd cranially along the dorsal surface
of the lung. The bllateral symmetry and leslon
distribution indicated hortzontal spread to other
dorsal bronchopulmonary segments rather than
proximal extension of a lesion from its distal ori-
gin. In contrast, axial spread along an affected
bronchus or artery would create iesions on the
ventral portion of the itng as weil, which was not
the case.

mmmmmmm
30 to 50% of the lung surface. Stained areas were
firmer, with a spleen-ike consistency and did not
collapse to the same degree as did the normal lung
tissue. Similarly, stained areas of the lung did not
readily inflate. Another classic finding was the in-
creased bronchial artery circulation in the discol-
ored areas of the lung. In the most severely af-
focted areas, there was exireme vascular
hypertrophy of the bronchial arteries.

The effects of furosemide on performance and
the aesthetics of horses bleeding during & race
have received much attention. However, littie con-
cem has been focused on the pathology accurring
in lung tissue and the effect of that pathology on
future performance. Following disruption of the al-
veolar-capiiary membrane, &l of the components
of blood enter the pulmonary interstitium and al-
vooil. Disruption of endothelial cells exposes the
endothelial basement membrane, which permits
the products of coagulation to accumulate in the

injured tissue. This causes microthrombl and im- -

paired microcirculation. As healing occurs, mono-

nuciear phagocytes and mesenchymal cells (im-

mature fibroblasts that can develop into a variety
of mature cell types) enter the alveolar tissue. Re-

pakdﬂwmmmmmmuomﬂonof
upmwmmmmmonan-
mwmmdmm
in an ordered fashion.

1This fibroproliferative response Islhosamom—
mmmmmmw
coming lfe-threatening. A fibroproliferative re-
sponse 10 a cut in the skinh Is appropriate and
necessary to restore the barrier between the or-
ganism and an inhospitable environment. How-
ever, the same response in the lung catses forma-
tion of scar tissue that interferes with expansion
and contraction of the lungs and impedes gas ex-
change. in human patients that have experienced
maladaptive repair of lung tissue following injury,
hypoxemia is a common sequelae.® The hypoxe-
mia seen in exercising horses may be initiated or
worsened by sequential pulmonary fibrosis from
muitiple episodes of EIPH.

To better understand the effects of bleedingon
lung tissue, Tyler and associates™ infused single
and multiple (5 times at 7-day intervals) doses of -
autologous blood and saline into specific alrways |

- of 11 horses. Reactions to Infused blood varied

from very mild to severse, with the lesions from mul-
tipie infusions being more severe than from single
infusions, suggesting EIPH may have a cumtiative
effect on lung tissue. Although the lesions created
in this study were less severe than those seen with
naturally occurring EIPH, many similarities were
observed including the presence of hemoeidero-
phages in tissues and alrspaces, bronchiolitis, and
increased connective tissue. -

Thoroducedmerltydledomuanaﬂerm
sion of blood in comparison with end-stage EIPH
is not surprising. if somelevel of EIPH occurs each
time a horse is exercised strenuously, the number
of hemorrhagic insults to the lung will be much
greater than the number of infusions (maximum
= § infusions) performed in these experiments.
Because naturally ocourring EIPH is also accom-
panied by membrans damage and blood compon-
onts trapped in intersthial tissue, the
lesions associated with the naturally occurring dis-
eases would be more severe than those created by
infueing autologous bicod, which was depocsited
only in the alveoil. -

It was conciuded that bronchiolitis and increased
connective tissue are sequelae rather than antece-

!occofhn:ﬂonmukdymbooummmﬂae
dmnmwc&ahhmsas.

Continued
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Surprisingly, there was also a marked reaction |

of lung tissue to muitiple saline infusions charac-
terized by bronchiolitis, increased formation of
connective tissue, and loss of function. This sug-
gests that even simple bronchiolar lavage carries
a significant cost in terms of pulmonary function —
a cost which must be weighed against the benefits
of lavage as a dlagnostic or therapeutic procedure.

Therefore, the pulmonary healing process ap-
pears to be a double-edged sword. Although the
fibroproliferative response is required to repair lung

“Injury, the response can also obiiterate alveolar air

spaces, increase alveotar-capilary membrane thick-
ness, and reduce elasticity of aiveolar tissue. All of
these sequelae impalr gas exchange, a critical and
Emiting factor in the performance horse.

monary blood pressures leading to stress fallure of
pulmonary capllaries. Stress fallure of the capiliary
endothelium allows blood into the puimonary inter-

stitial tissue, the simplest microscopically identifi-

able lesion (Lavel 1) of EIPH.

Faliure of the entire capliiary-alveolar structure
releases biood into the alveciar spaces (Level 2 of
EIPH). causing the formation of hemosidero-
phages, the most subtle clinical sign of EIPH re-
ported to date. Al horses In strenuous training

show hemosiderophages, suggesting that all race
horses experience some grade of EIPH (Fig. 6).
More severe hemorrhage results in the appear-*
ance of blood in the trachea (Grade 3 EIPH). Most’
racing horses attain this grade of EIPH ¥ :
WmmmAmﬂmﬂmﬂ
to 2%) bleed from the external nares (Grade 4.
EIPH), which ls the classic "bleeder”. Finally, a very-

small proportion of horses (approsimately 0.067%):

die acutely during a race or poet-race from severe'
pulmonery faliure (Grade § EIPH). i
EIPH lesions are chronic and cumulative and in-,
vascular hypertrophy, and increased bronchial ar--
tory circulation. Multiple infusion of autologous;;
blood into the lungs of horses created leslons sim-
Rartobutless severe than naturally occurring EIPHY
lesions. Sequelae of biood in the alveolar tissue
includes bronchiolitis, increased connective tis-!
sue, loss of function, and neovascularization which
may precipitate subsequent episodes of EIPH. it Is

Level 1 4 ~100%
Loveis 1 ~ 0%

Lovel 3 1 ~“78% |

I.l:ﬂl ']‘-— ~2%
Lovel§ {— ~o.087% ;
!

m-—hm.mmmumm
incidence of Level 3 is the mast warinble and cen sangs from ~B0 fo 100%
of homes in teaining, depending en the frquency and stingency of the

mmdh-ﬂmhwwmh
mmm-ﬂwmm-rmw

~ FiG. & = Apparent incidence of EIPH in training and racing

horsss.® HR = heart rate, CO = cardiac output, MPCP =
mean pulmonary capiiary pressure,

hypothesized that all horses experience some
grade of EIPH during strenuous exercise. in light
of the inflammatory response in jung tissue follow-
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lllustrated Atlas of
Clinical Equine Anatomy
and Common Disorders

of the Horse

Volume 1, By R.l. Riegel, 8.E. Hakola. 1996,

The purpose of this text is to provide besic back-
ground knowledge of clinical anatory, common
problems and athietic injuries In the horse. &t Is in-
mwammmmm
sional and the veterinary student and Practicing § se:s sy

veterinarian. The book is structured In ks own unique
way, originating with all of the basic anatomy leading o the significant physiology, pathogenesis,
mmmmmmmmmmmammm
seen equine disorders. Topics covered include the musculoekeletsl system and lameness disorders,
mmwmmmmmmmmm'
to define and clarfly each area of interest. Spiral-bound. ‘

Please send a compiete book WMMNMH

m-mmuuhmn—uhuuma-uu ,‘-v,-.:‘

wmmmmumxmmumm of
- (805) 965-1028 o FAX (905) 0850722
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