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What is exercise-induced pulmonary hemorrhage?

A horse affected by exercise-induced pulmonary hemorrhage (EIPH)--a bleeder--suffers from ruptured
blood vessels in the lungs during the stress of training or competing. This
physiological reaction to strenuous exercise affects not just Thoroughbred
racehorses, but all equine athletes, including polo ponies, 3-day event horses,
barrel racers and steeplechasers.! The severity of the condition is determined
by the amount of blood in the horse’s trachea, and graded on a scale of 0 to
4. If a horse is graded as a 4, there is blood covering the entire trachea and
performance is severely affected; when the horse is in crisis, there is blood
draining from one or both nostrils (epistaxis). In those cases, the condition
can be critical. Some 60% of sudden deaths in racing have been attributed to
pulmonary hemorrhage.? Studies have proven that the vast majority of race
horses will suffer EIPH at some point during their careers, and that even a

grade 2 can affect a horse’s performance by as many as six lengths®

First documented in the early 1800s, EIPH had long been suspected of having a negative impact on a
racehorse’s ability to perform at its peak level. But, until the early 1970s, the only symptom of EIPH beyond
the subpar performance was epistaxis. That changed with the introduction of the fiberoptic endoscope
more than 40 years ago, which, for the first time, allowed a veterinarian to examine the horse’s upper
respiratory system, and determine the origin and severity of the bleeding. Not only did this ground-breaking
advance in diagnostics prove that the blood originated from the lungs, but also demonstrated that EIPH
was prevalent even when epistaxis was not evident.

Dr. Ken Hinchcliff, the recognized leader in EIPH research, was lead author on studies conducted in
Australia and South Africa, which proved definitively that EIPH affects the majority of Thoroughbred
racehorses. The results from his Australian study, released in 2005, determined that 55% of horses
suffered some level of EIPH, and was the first to clearly demonstrate the connection between EIPH and
poor performance.® Subsequent studies have found that the prevalence of EIPH is even higher. If you
scope a horse after three successive strenuous workouts, nearly 100% will be diagnosed with EIPH by the
third endoscopic examination.”

Dr. Hinchcliff then set out to determine if the most common treatment for EIPH, the administration of Lasix,
was, in fact, effective. The results of the study, conducted under racing conditions in South Africa, were
published in the Journal of the American Veterinary Medical Association in July of 2009.> Not only was the
study able to quantify the impact on performance with regard to the severity of the EIPH, but proved that
Lasix was highly effective in alleviating the condition. A small percentage of the 152 horses involved in the
study evidenced the highest degree of bleeding without Lasix-- grades 3 and 4--but not a single horse
evidenced a grade higher than 2 after the administration of Lasix. Twice as many horses were completely
unaffected by EIPH when treated with Lasix as when racing without it.

The scientific evidence is irrefutable. Horses bleed. Lasix works. But, despite this evidence, many in our
industry are staunchly opposed to the use of Lasix. What are the common objections to using an effective
medication to treat a condition that is at minimum uncomfortable and distressing for the horse, and, at its
worst, fatal?



Separating Fact from Conjecture...
1) Racing in the U.S. survived without Lasix for hundreds of years. Why do we need it now?

« Lasix wasn't even approved for veterinary use until 1967.> Just a few years later came the introduction of
the fiberoptic endoscope, an equine medical advancement that finally allowed the definitive diagnosis of
EIPH. Anecdotal evidence that Lasix had the potential to treat EIPH led to clinical trials in the 1970s.
States began permitting its therapeutic raceday use that decade.

* There have been many, many advances in medical science, in technology, in the sport of horse racing, in
everyday life, that were not available 50 or 100 or 200 years ago.

= penicillin

= women are warned not to smoke or drink during pregnancy

= the internet

= football players are aggressively protected from

concussion syndrome

= cell phones and tablets

= seathelts and air bags are mandatory by law

= the starting gate

= young children must ride in car seats and wear bike

helmets

m nuclear scintigraphy

= low-dose aspirin is a daily regimen to prevent heart attacks and strokes
etc, etc...

* “Because we got along without them,” is no argument for not taking advantage of these advancements.

2) They race without Lasix in Europe, in Hong Kong, in Japan. Why do we need it in the U.S.?

» Qutside of the United States, the majority of racing jurisdictions still use archaic medical science when it
comes to an official diagnosis of EIPH.® If a horse does not show evidence of epistaxis (bleeding from one
or both nostrils), they are not considered bleeders. With the modern technology available to aid in
diagnosis, this is the medical equivalent of refusing to use an X-ray machine to diagnose fractures. It is
irresponsible to wait for a horse to be in crisis to make a diagnosis.

« Qutside the United States, the majority of racing jurisdictions fail to officially acknowledge the prevalence

of EIPH, despite the incontrovertible evidence that it
affects the majority of horses. A recent study in
Hong Kong determined that 63% of the horses
involved suffered EIPH after a race, and 54%
S e
suffered EIPH after a workout.” Lasix is prohibited in condition which requires serious medical

training and racing in Hong Kong, but horsemen in treatment and extended rest.” Dr. Clara Fenger
Europe and Australia are permitted to use Lasix DVM, Phd, TDN Op/Ed, Aug., 2014 ’

“Certainly, we do not want 4% of our horses to

bleed from the nose, like they do in Hong Kong,
when a simple, safe and effective preventative,

Lasix, will prevent this severe pathological

during training. The trainers acknowledge its
effectiveness in treating EIPH--the ONLY motivation for using Lasix during morning workouts is the
alleviation of EIPH.



« To treat EIPH, European trainers have been known to use medications other than Lasix in competition.
Nick Henderson had a positive test for the medication Tranexamic Acid
in 2009 with a steeplechase horse owned by The Queen. Henderson's
response to the positive test? "l was very surprised,” he told The
Guardian. "l didn't think we had administered anything terribly illegal...”
He told a panel of the Royal College of Veterinary Services convened to
hear the case that “plenty of trainers” were using the banned
medication, and concluded, “The horse was not doped. She was given

a drug for her own benefit.”

3) Human athletes are not allowed to compete on medication. Why would we race horses on
medication?

* This is a common misconception. Amateur and professional athletes

are banned from competing on certain medications--steroids, human

growth hormone and illegal narcotics top the list of specifically banned

substances. But there is a laundry list of medications that are

permitted in competition. Quarterback Tony Romo took pain-killing

injections to his ribs DURING four straight games at the beginning of

the 2011 season.® When pro tennis player Novak Djokovic beat

Rafael Nadal in the U.S. Open final that year, he was popping pain

pills DURING THE MATCH.* Andy Murray had to call for painkillers five games into the quarter finals of
the 2014 Miami Masters."

« Olympic athletes, long perceived as being completely drug free, have a lengthy list of approved
medications from the World Anti-Doping Agency that can be used on the day of competition, including:
anesthetics such as novocaine, xylocaine and even
adrenaline; antidepressants; antihistamines; asthma
drugs; caffeine; muscle relaxers; pain relievers and
anti-inflammatories; sedatives; and ulcer
medications. Even cortisone injections are permitted
on the day of competition. The U.S. Anti-Doping Agency grants Therapeutic Use Exemptions to athletes for
any prohibited substance, including Lasix, if there are sufficient grounds for therapeutic use.*. (A list of
WADA's approved drugs is attached).

That daily low-dose regimen of aspirin you take
every day to prevent heart attacks and strokes?
You couldn’t give it to a racehorse within 96 hours
of competing, or you’d end up with a positive test.

« The medications approved for use in competition in human athletics are not nearly as tightly controlled as
in Thoroughbred racing. The raceday use of

Lasix is highly regulated. It must be administered Virtually no member of a baseball, basketball or

" : ) football team in America could pass the post-race drug
no less than four hours prior to a race, in st_rlctly testing that racehorses pass every day. In New York,
controlled dosages, by a licensed veterinarian. In | more than 40% of the equine competitors are tested
New York, Lasix is administered by veterinarians | after each and every race. The testing standards in
employed by the New York Racing Association, | Thoroughbred racing are second to none.” NYTHA
eliminating the practice of having a private presentation for NY State Senate Racing Committee hearing
veterinarian in a horse’s stall on race day. This
provision is one of the key elements of the national Uniform Medication Program.




* In a statement released in 2011, the Association of Racing Commissioners
International revealed, “The ‘anti-doping’ standards in horse racing are more
aggressive than those deployed in the Olympics. In fact, the worldwide
annual drug testing budget of the World Anti-Doping Agency (WADA) is
dwarfed considerably by the collective investment made by the state racing
commissions in just one country, the United States. U.S. state racing
commissions commit over $35 million annually to directly test for medication
violations. By comparison, the World Anti-Doping Agency’s world-wide effort
relies on $26 million in funding. The financial statements published on their

website reveal that, of that amount, $1.6 million is specifically earmarked for testing fees.

nl3

+ According to the RCI, “In 2010, 324,215 biological samples were taken and tested. Lab results show that

“Horse racing’s anti-doping program tests for more
substances at deeper levels than any other
professional sport. These facts are inexplicably
ignored by many who wish to opine on this matter
and have been successful in drawing attention to
their assertions by spinning negative headlines
about the sport. The perception created is not
consistent with the facts.”

Ed Martin, RCI "Drugs in U.S. Racing - 2010

99.5% of those samples were found to contain no
foreign or prohibited substance. In other words, only
1/2 of 1% of samples tested was found to have
contained a substance in violation of the rules. An
examination of racing commission data also reveals
that, in those relatively rare instances when a
violation of a medication rule does occur, most were
associated with a legal substance administered in
the normal course of equine care by a licensed
veterinarian and cannot be characterized as ‘horse

doping’ or as indicative of a ‘drugging.’ Those substances that could legitimately be construed as a ‘horse
doping’ (RCI Classification Categories | and II) represent just 47 instances out of 324,215 samples tested
in 2010. That represents 0.015% of all samples tested. The use of terms like ‘rampant,’ ‘endemic,’
‘widespread,” ‘chemical warfare,’ or ‘racing’s drug addiction’ do the sport and the tens of thousands of
families who rely on it a great disservice.”* U.S. racing commissions sent 340,932 biological samples to
professional drug testing laboratories in 2013; 99.65% of those samples were found to have no violation.*

4) Lasix is a performance-enhancing drug.

 Much has been made of the effects of weight loss on an athlete’s performance. The weight loss effect of

Lasix is comparable to the weight loss a horse might experience
if denied hay and
water for 24 to 48
hours before a race,
as was often the
practice before the

The weight loss effect of Lasix mirrors
what a horse might experience if denied
hay and water for 24 to 48 hours before a
race. Is taking away a horse’s hay and
water for even a half day humane?

advent of Lasix. While Lasix use is strictly controlled, there is
no oversight for if or when a trainer takes away a horse's
nutrients. Will this necessitate the introduction of security to
ensure that all trainers observe the same protocol? Will it lead
to headlines proclaiming, “Horses Starved and Dehydrated

Before They Race™



« Lasix does not allow a horse to perform beyond its peak natural ability. It alleviates, but does not

eliminate, a condition that hampers peak performance.
Anecdotally, historically and scientifically, it has been
demonstrated clearly that EIPH adversely affects
performance. Horses run slower when they bleed.
Anecdotally, historically and scientifically, it has been

“No amount of Lasix will make a horse run past
his ability.”?® Dr. Scott Palmer, equine medical
director for New York State and past president of the

AAEP

demonstrated clearly that Lasix is significantly effective in minimizing EIPH. The refusal to connect these

dots is the height of, “Don’t confuse us with the facts.”

« Even those who once had been staunchly opposed to Lasix have recognized that it is a performance

restorer, not an enhancer. A 1988 Washington
Post article entitled, “Handlers Hope Lasix Will
Help Private Terms Regain Lost Form,”
documented how GI Wood Memorial winner
Private Terms’ form deteriorated due to EIPH,
then was restored when he was put on a Lasix
regimen. According to the article, trainer Charlie
Hadry, “reiterated his belief that the use of Lasix
in no way diminishes Private Terms’ status as a
racehorse of high quality. It's not a stimulant,
Hadry said, but a drug that rids the body of
surplus fluids and simply will allow Private Terms
to run to his potential.” Then 80, the late Stuart
Janney Jr., owner/breeder of Private Terms, and
of the great Ruffian, was quoted in the article,
saying, “I know | was very much opposed to using

Lasix or anything else at one time. But I've had [bleeding] happen so many times to so many of my horses
that | don't feel that way any more. I've gotten to be an old man, and | even have to take Lasix once in a

while.”

5) Why is there such widespread use of Lasix?

* There is a cumulative effect that can increase the severity of EIPH each time it occurs. An analogy would

be metal fatigue in airplane wings. The airplane is
subject to ongoing stress that creates tiny fractures in
the wings. Over time, as the stress continues, the
fractures worsen, and can lead to catastrophic failure.
"In the long term, reducing the severity of bouts of
EIPH is beneficial to the health of the horse's lungs.
The presence of blood in them has been shown to
induce permanent changes in their tissue structure,”
then-AAEP President Dr. Robert D. Lewis stated in a
1995 press release.”’

“People who are advocating the elimination of
[Lasix] have to explain why they want to deny a
horse medicine that has been shown to be
beneficial to the horse’s health and well-being.
Michael Davis, physiological sciences professor and
Oxle Endowed Chair in Equine Sports Medicine at
Oklahoma State University’s Center for Veterinary
Health Sciences.
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« Anthony Verderosa, Chief Examining Veterinarian for the New York Racing Association (NYRA), reported
that episodes of epistaxis, the most severe form of EIPH--when a horse is in crisis and bleeding from the
nostrils--was IMMEDIATELY reduced nearly 80% in New York after Lasix was legalized in the state in
1995, and has remained at the lower level in the two decades since.”

« Speaking during the “International Summit on Race Day Medication, EIPH and the Racehorse” in 2011,
Graham Motion and Christophe Clement, two of the four
trainers invited to speak, voiced the opinion that it is
necessary to be proactive in the prophylactic treatment of
EIPH. “I certainly breeze some of the 2-year-olds on Lasix,
even if they haven't been bleeding previously,” said
Motion, who has not had a single positive test since taking
out his trainer’s license in 1993. “Prevention is important--|
don’t want them to start bleeding that early.” Clement, who
also boasts a pristine record, remarked, “If a horse bleeds,
right away, you've got a situation. You've got to do
everything you can. You can't avoid bleeding--it's a fact of
life. What you can avoid is it becoming chronic.” It should

be noted that both Motion and Clement are originally from Europe.*®

* Proper maintenance of EIPH is key to maintaining the health of the equine respiratory system, and is in
the best interest of the horse.

6) Does Lasix mask other medications?

« During the “International Summit on Race Day Medication, EIPH and the Racehorse,” Dr. Richard Sams,
PhD, director of HFL Sport Science Inc.

in Lexington, stated that, after the “Furosemide does not interfere with drug detection, provided

. T SR that it is administered at least four hours prior to racing and
American Association of Equine within an intravenous dose range of 250 to 500 mgs. New,
Practitioners came up with a universally | yjtra-sensitive instrumental testing, combined with the
accepted standard of practice for Lasix | regulatory control outlined above, precludes the possibility of
in 1983--recommending that it be furosemide interference with drug testing.” Dr. George Maylin,
administered intravenously and at a time | director of the New York State Racing and Wagering Board's Equine
four hours prior to a race--the concern Drug Testing Program at Morrisville State College.
that Lasix could affect the detectability of
other medications was addressed. “That concern is largely eliminated when [Lasix] is administered in a
tightly controlled environment, as it is in the United States,” Dr. Sams said. He concluded, “I don't refer to
[Lasix] as a masking agent. It's impact on post-race testing is not very significant.®

* In an article in Daily Racing Form, Steven Crist said, “The whole issue of whether Lasix can mask other
drugs was a valid concern a generation ago--perhaps the best reason to oppose its use--but from all
veterinary accounts this is now a non-issue. The vastly increased precision of testing, and a greater
reliance on plasma rather than urine tests, has made this a moot point.”™



7) Does the use of Lasix contribute to fewer starts per horse per year? Will it weaken the breed?

* The average number of annual starts per horse has dropped dramatically in the U.S., from a peak of
11.31 starts per year in 1960 to a low of 6.06 starts per year in 2010. But the trend started before the
advent of Lasix, with the average dropping to 10.23 by 1975. When the AAEP standard for Lasix
administration was approved, the average was down to 8.28 annual starts, but it held relatively steady for
the next decade, with the average at 7.84 starts in 1994. There is no anecdotal or scientific evidence to
single out Lasix as the cause for the decline, and the numbers have actually rebounded slightly since
2010, with the average at 6.3 starts in 2013.%

« There is a misconception that horses in countries that do not allow the raceday use of Lasix average
more starts per year than those in the U.S. In fact, the average in Europe is no better than in the U.S., and
in some countries, it is considerably lower. Horses in Germany, lauded for its high standards, average 5.0
starts a year; in France, 6.0; in England, 6.0; in Italy, 5.2. Australia’s average is similar to the U.S. at 6.2
annual starts; New Zealand averages 5.8 starts a year.”*

« Countering arguments that American horses are weaker than their foreign counterparts, Dr. Hiram Polk
Jr. presented, “Case Study: North American Pedigrees Down Under,” during the 2013 Jockey Club Round
Table, and demonstrated that horses with North American bloodlines raced more frequently and needed
less time between races than those with Australian pedigrees.”

« There are many potential contributing factors to the decrease in the number of starts. The ‘80s saw the
demise of “Millionaire’s Row,” the area of the Belmont Park backstretch where the old (and wealthy) names
in racing once stabled their horses. The stalls had been filled
- with the Rokeby and Greentree and Calumet and Darby Dan
. horses, horses bred from meticulously selected bloodlines that
-a: Prized soundness. As the venerable family stables cut back or
: disappeared completely, the explosion of the commercial
breeding industry was underway, and the standards of the
breeding industry changed. An emphasis was placed on
precocious speed with less regard for soundness. Stallions
went to the breeding shed after making just a handful of starts
because there was so much money to be made in stud fees.
B Foal surgeries to correct conformational flaws became
common-place and acceptable. Young horses, formerly turned
out and toughened in very natural conditions, were suddenly being raised like hothouse flowers. All of
these factors could contribute to raising softer horses that don't race as often.

« Another potential factor in the decrease in the number of annual starts is the fact that a premium is
placed on a trainer’'s winning average. The late Hall of Famer Bobby Frankel, who was known to scratch
his horses if the conditions did not appear favorable for a victory, was hired by Juddmonte Farm based, in
part, on a computer analysis that highlighted his exemplary win percentage.?® A 10% strike rate is a knock
against a trainer. The acceptance of the “bounce” theory, quantifying the negative effect that a peak effort
can have on a horse’s next start, has also tempered trainers’ enthusiasm for running back on less than a
month’s rest.



8) The public is anti-Lasix.

* There has yet to be a published survey that directly addresses the Lasix issue. The survey questions
posed are ambiguous, generic and, at times, leading. The results are much what you would expect if you
asked the public, “Do you think kids should take drugs?” when trying to determine if there was support for
medicating asthmatic children.

* In an Op/Ed for the Thoroughbred Daily News in October of 2014, professional handicapper Jerry Brown
stated that those in his profession supported the continued use of
raceday Lasix, and added, “...the Lasix issue is being lumped in with the
illegal drug issue, because both involve drugs, and in some cases
because people have agendas. I've been heavily involved in trying to
stop cheating in our game for a long time, not for idealistic reasons, but
because money is being stolen from honest horsemen and horseplayers
[like yours truly]. Attempting to stop something illegal, which everyone
agrees about, and attaching it to banning a legal therapeutic drug, which
is controversial, is like having a bill to fix the Veterans Administration,

and combining it with declaring war on Iran, because both involve the army.”?*

« Attempts have been made to show a correlation between the raceday use of Lasix and the issue of
steroids in professional sports. The fact is, when the call came to ban steroids in Thoroughbred racing, the
response was a unified stand to phase out the medication as quickly as possible. In stark contrast to the
Lasix issue, horsemen supported the elimination of steroid use, because there was no single therapeutic
application for steroids. There is a single scientifically supported use for Lasix. Horses bleed. Lasix works.

* During a presentation of the McKinsey Report during The Jockey Club’s 2011 Round Table Conference
on Matters Pertaining to Racing, a pie chart
purporting to support the conjecture that the public is | “We know from a scientific and a medical

anti-Lasix demonstrated that 74.5% of those who perspective that furosemide is good for horses that
responded to a survey of members of the race, but is it good for the business of racing? That

H | A iation of North Ameri f paradox is one we’ve made an enormous effort to
orsgp ‘f"yefs Ssociation o (,)r , Merica Were for try to resolve. Fundamentally, we believe what's
the elimination of raceday medication. In fact,

i : ) good for the horse has to be good for racing.”* Dr.
according to the HANA website, the question posed | Scott Paimer, equine medical director for New York

was, “Do you support The Jockey Club’s position on | State and past president of the AAEP
raceday medication.” Responders had to click on a

link to the TJC position; it was not posted with the survey. The question was clearly slanted; no
clear-minded individual could in any way interpret this survey as an objective attempt to find the truth about
the Lasix issue. An earlier survey of HANA members, conducted in 2009, found that only 59% were
“extremely” concerned over the ILLEGAL use of medication and drugs. That means 41% did not consider
ilegal medication a major concern.” Go figure.

« Despite the depth and breadth of the McKinsey Report presented at the Round Table, the published
results did not include any specific reference to Lasix in any of the polls of the public, racing fans and
industry stakeholders. “Medication of horses” was considered a significant issue by 78% of stakeholders
interviews, but only 25% felt that medication issues “adversely impacted wagering."®



* Ina 2011 survey of racing fans included in the McKinsey Report, only 36% felt that “medication was one
of the top three issues facing racing.” But 78% “would stop betting if they knew horses were not treated
well.””® One could easily argue that banning Lasix, a medication that safely and effectively treats a
condition suffered by the majority of racehorses, could be defined as not treating the horse well. After Lasix
was permitted for raceday use in New York 16 years ago, the incidence of epistaxis following a race
immediately dropped nearly 80%.%° How do you explain to racing’s fans a willingness to let 80% more
horses suffer critical bleeding from the nostrils after they run, and put them at risk for a condition that, when
severe enough to cause epistaxis, can be fatal?

* In a Daily Racing Form article headlined, “Banning Lasix Won't Stop the Bleeding,” Steven Crist said, “If
you poll civilians about whether racing [or water polo, or your local crafts fair] would be better off without
‘performance-enhancing drugs,’ they will answer in the affirmative. From personal experience, however, |
see no evidence that this translates to Lasix keeping anyone away from racing. Over the last decade, |
have conducted over 100 question-and-answer seminars with tens of thousands of fans and players at
tracks and betting parlors across the country. The next one | meet who thinks Lasix is a major issue, or a
reason not to play the races, will be the first.”

THE REAL ISSUE...

Those opposed to the use of Lasix trumpet they are
concerned, first and foremost, with the welfare of the
horse. But the arguments offered against the use of
Lasix never address what is in the best interest of the
horse. Opponents are concerned about what the
international racing community thinks, what the public
thinks, the long-term effect on the breed, testing
standards, etc. There isn't a single argument that
stresses the health and welfare of the horse.

The majority of horses bleed when under exercise-induced stress. It is result of their physiology. EIPH
affects performance horses of all breeds. It is a condition that is at minimum uncomfortable and distressing
for the horse, and, at maximum, fatal. The only way to eliminate EIPH completely is to shut down the
racetracks and put all the horses out to pasture. That is not an option.

If there was a viable alternative to Lasix, the industry would embrace it. But opponents have no researched
and reasoned plan for dealing with EIPH in the future. The thinking seems to be, “eliminate Lasix and
somehow the horses will stop bleeding.” That's not going to happen. There is a problem, and ignoring it
isn't the solution.

We do have a safe, effective treatment that allows horses to perform, not over and above their natural
ability, but to the highest level their natural talent dictates. Until a better option is discovered, it is
unarguably in the best interest of the horse--and, by extension, in the best interest of the sport and the
industry--to alleviate EIPH with Lasix.
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CLARA FENGER, DVM, PhD, DACVIM

In a recent Op/Ed piece by Dr. Gregory Ferraro (click
here), two recent papers were discussed, and Dr.
Ferraro’s conclusions are simply that they “provide
serious evidence that the use of race day Lasix is
neither necessary nor prudent.” In fact, the very papers
cited by Dr. Ferraro argue the opposite point.

SA Preston’s Hong Kong EIPH paper:

First, the Hong Kong study, conducted by S. A.
Preston, et al. has so many errors, including simple
arithmetical errors, that any conclusions made by the
authors must be treated with great caution. In this
paper, Preston, et al. reported on the racing careers of
822, [or possibly 924], horses imported for racing
between 2007 and 2012. In one section of the paper,
she states that a total of 822 geldings were imported to
Hong Kong, but in a critical table [table 2] in the paper,
the numbers add up to 924. She also claimed that 405
out of 732 were EIPH +, and 326 out of 732 were
EIPH-, which actually adds up to 731, not 732. The
numbers are equally curious in Table 2 where the total
number of horses that never bled is 157, not 326, as
stated in the text. Figure 1 is a simple pie chart,
expected to add up to 100%, but in Dr. Preston’s
paper, adds up to 115%. So, it appears that the horses
are grouped differently in different parts of the paper,
with no explanation throughout the text. These
examples are only a few of the numerical and statistical
inconsistencies in the paper, which result in the paper
being almost incomprehensible and of questionable
scientific value.

The authors suggest that the Hong Kong horses race
longer than horses in the U.S. However, she is
comparing Hong Kong geldings with EIPH (18 lifetime
starts) to all U.S. horses, regardless of EIPH status and
regardless of gender (colts, fillies, geldings: 16 lifetime
starts). There is no question that, if she were to
compare apples to apples instead of apples to oranges,
the statistics would have come out exactly opposite of
her assessment.

When the number of lifetime starts for all of the
groups of Hong Kong geldings are considered, it
appears to be closer to 15, and the number of lifetime
starts for U.S. geldings is likely to be in the 20s
(because well-bred colts and fillies often retire early to
the breeding shed). One thing that is clear from the
Preston paper: about a quarter of the horses in Hong
Kong (21.6%-27.6%, depending upon which numbers
are correct in the paper) were retired as a result of
EIPH. This number is so high, that we, in the U.S.,
would consider it to be an unacceptable animal welfare
issue. Dr. Ferraro concludes that the most important
finding in this paper is that EIPH + horses had longer
careers and more starts. In fact, The 405 EIPH + horses
bled at least once out of about 15 endoscopies. The
326 (maybe?) EIPH- horses did not bleed once out of
about nine9 endoscopies. It is quite possible, and even
probable that some of the EIPH-horses bled at a time
when they were not scoped (maybe EIPH would have
been identified in at least one of six more endoscopies?),
since there was no regular planned endoscopy in place
(another critical shortcoming with this paper). The
results show this phenomenon well: the longer a horse
raced, the more likely he was to have more
endoscopies, and the more likely he was to be
diagnosed with EIPH. So, Dr. Preston showed only that
the more times you scope a horse, the more likely you
are to diagnose EIPH. Since previous studies have
shown that if you scope horses often enough, they will
all be diagnosed with EIPH, this information is hardly new.

In the Hong Kong study, 4% of the total number of
horses experienced epistaxis, a number which is
considerably higher than found in other previously
published studies, which range from 0.15% to 2.41%.
Prior to the widespread use of Lasix in this country,
82% of the horses that died suddenly on the racetrack
died from pulmonary bleeding. Since the widespread
use of Lasix, this phenomenon is almost unheard of. In
fact, the most elegant and robust study ever performed
to study the effect of Lasix on EIPH was the Hinchcliff,
et al study, which showed unequivocally that study
horses treated with Lasix never bled a grade 3 or
4...which would be the level of EIPH where you may
expect the horse to progress to epistaxis and where
there is risk of sudden death. Additionally, a 10-year
study of racing fatalities in Victoria, Australia, where
Lasix is banned, showed an exceptionally high rate of
sudden death at that racetrack, further supporting the
humane and appropriate use of Lasix to prevent EIPH.
At a time when racing is struggling to build up its fan
base, more dead horses on the track like those seen in
Australia is hardly the way to do it.

In Dr. Ferraro’s opinion, this paper lays aside the
argument that the use of race day Lasix is necessary to
protect the health and welfare of race horses, while in
fact, the data argue the opposite. While many horses
are not harmed over time by the presence of post-race
or training EIPH in the Preston study, most horses that
bled a grade 3 or 4 first bled a grade 1 or 2, and horses
that experienced epistaxis first bled a grade 3 or 4.
Cont. p11
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Since we know from the South African study that
Lasix prevents most grade 3 or 4 EIPH, the need for
Lasix becomes more urgent as a result of the finding of
the Hong Kong paper. Certainly, we do not want 4%
of our horses to bleed from the nose, like they do in
Hong Kong, when a simple, safe and effective
preventative, Lasix, will prevent this severe pathological
condition which requires serious medical treatment and
extended rest.

BD Velie’s Australian EIPH study:

The second research investigation mentioned by
Dr. Ferraro was conducted by B.D. Velie, et al, involved
a 10-year study of 117,088 horses corresponding to a
remarkable 1,852,912 individual performance records
of Australian race horses, again a study conducted in a
country that does not permit the use of race day Lasix.
This study was interested in determining if there was a
genetic predisposition for epistaxis and therefore,
studied the pedigrees of 715 sires and 2351 dams. As
a result of this investigation the researchers were able
to demonstrate that “a significant proportion of the
variation in epistaxis phenotype is attributable to the
additive genetic variation in the population.” In other
words, in the researcher’s opinion, “the genetic
composition of a horse clearly contributes to the
likelihood of its experiencing epistaxis.” In fact, this
finding is not new: the heritability of epistaxis was
determined to be 0.3-.55 in a South African group of
horses. However, do not confuse heritability with a
direct genetic contribution. Heritability means that there
is a relationship between a trait and certain bloodlines
and is a unique feature of the specific population
studied. Heritability does not indicate that there is a
specific genetic defect that causes the expression of
the trait.

A genetic principle called negative selection clearly
calls into question the idea that EIPH is a specific
genetic defect. If a trait has only a negative effect, it
will be eliminated from the population within a few
generations. Both heritability studies were performed in
countries in which no Lasix is permitted. Hence, if there
were a “bleeder gene” it should have been eliminated
from the population forthwith. And yet they continue to
bleed. Most likely, EIPH is associated with some other
trait, and likely a trait for which we positively select
racehorses. The cause of EIPH is the incredibly high
pulmonary blood pressures which are experienced
during maximal effort, as huge volumes of blood are
transported both to the muscles and through the lungs.
It is likely that as we select racehorses for excellence in
their maximal effort, and the ability to transport huge
volumes of blood at high speed, we are similarly
selecting them for EIPH.

Hence, the heritability of EIPH is hardly a “genetic
susceptibility to this condition,” but rather an
unintended consequence of breeding for speed. Fast
horse = high pulmonary blood pressure. In reality,
American horses and bloodlines continue to excel
throughout the world.

It is most likely that our continued use of a safe,
effective and humane preventative for EIPH, Lasix,
actually allows exceptional individuals (like Northern
Dancer, a legendary bleeder) to remain in the gene pool,
and permitting the type of genetic diversity required for
healthy, long-term survival of the breed. Additionally,
both the Velie and Weideman papers agree that 50-
70% of the cause of EIPH is from non-inherited
sources. The best possible stewardship of horses
includes the reduction/prevention of EIPH by doing such
things as minimizing dust and pollution in the barn
areas and use of a safe and effective preventative--
Lasix.

| strongly encourage anyone wanting to understand
this issue not to blindly accept the conclusions of
studies, but to actually critically read the papers
themselves and draw their own conclusions. They will
see an entirely different story. The Preston and Velie
studies create more questions than they answer, but
they do provide serious evidence that the use of race
day Lasix is both necessary and prudent.

Dr. Clara Fenger graduated with her veterinary degree
from the University of California at Davis in 1988, and
after briefly practicing in California, she went on to an
Internal Medicine residency and Master's Degree
program in Equine Exercise Physiology at the Ohio State
University, where she studied under the tutelage of Ken
McKeever and Ken Hinchcliff. She later received her
PhD studying Equine Protozoal Myeloencephalitis at the
University of Kentucky. During her graduate studies at
UK, she also worked for the Kentucky Racing
Commission as a State Veterinarian and developed a
passion for the sport of horse racing. She continued
this association with the racing commission for
15 years. She is currently a practitioner in Central
Kentucky specializing in both Thoroughbreds and
Standardbreds, and owns Thoroughbred racehorses.
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AN IMMODEST PROPOSAL
In comments in the TDN this week, both

Dr. Larry Bramlage and Arthur Hancock took the
position that Lasix needs to be banned because bettors
want that to happen, and handle will suffer if we don't
(click here). Those gentlemen are certainly qualified to
comment as professionals about veterinary medicine
and breeding, but when it comes to bettors and handle,
they are playing in my ballpark. My handle is seven
figures a year, and | produce high end handicapping
data used by hundreds of big bettors, including some
who bet more than | do. And that idea isn't just untrue,
it's dangerously wrong. Dr. Bramlage says "the general
public doesn't understand” Lasix. | don't know whether
families picnicking at Saratoga understand Lasix or
not, but | do know those people don't drive handle.
Allen Gutterman once estimated that 2% of those
betting are responsible for 50% of handle, and my
guess is that 10% of us generate close to 90%. We
are not passive "fans"--we are horseplayers,
participants in the industry. And | can tell you for a
fact that we make it our business to understand Lasix
as it applies to handicapping, and that not a single
horseplayer | have talked to will bet MORE if Lasix is
banned. It would add an extra unhandicappable

variable to each horse in every race, and more
confusion. Some of us--like me--would bet less.

People bet when they have an opinion. The stronger
the opinion, the more likely they are to bet, and the
more money they will bet. Things that create
uncertainty hinder investment in business, and the
same applies here as well. Not knowing whether the
reason a horse stopped last time was because he bled,
and whether the problem has since been dealt with,
creates uncertainty. Factoring in the randomness that
someone in the field will bleed today, at a short
price, creates uncertainty.

It's worth thinking about why Lasix is the only drug
that is listed in the program. And it's worth thinking
about how people would pay for and bet on the basis
of inside information that would become crucial if Lasix

is banned, and how that would affect public perception.

It's happening now with illegal drugs, and it has
destroyed the morale and enthusiasm of many
horseplayers. | see it all the time on the board at my
website. It's also worth thinking about something that
happened a few years ago, when the industry went
tearing off to build synthetic tracks, without talking to
those of us who were going to have to try to answer
undecipherable questions about how each individual
horse was going to handle each surface, and make
decisions about betting those races (or not).

Is everyone happy about how that worked out?

There are two major problems with the drug debate
that is currently going on in our industry. The first is
that the Lasix issue is being lumped in with the illegal
drug issue, because both involve drugs, and in some
cases because people have agendas. I've been heavily
involved in trying to stop cheating in our game for a
long time, not for idealistic reasons, but because money
is being stolen from honest horsemen and horseplayers
(like yours truly). Attempting to stop something illegal,
which everyone agrees about, and attaching
it to banning a legal therapeutic drug, which is
controversial, is like having a bill to fix the Veterans
Administration, and combining it with declaring war on
Iran, because both involve the army. As long as it's
both or none, movement will be impossible on the non-
controversial part, the relatively low hanging fruit.

The second problem is that only two alternatives are
being discussed regarding Lasix, and that's a false
choice. It's not simply they all get to run on it, or none
do. So here's a rational, pragmatic proposal to deal
with Lasix. Not as a sports issue, but as a business
issue--because this is a business first, and a sport
second. If you don't think so, try it without bettors.

First of all, starting with next year's 2-year-old crop,
we go back to the way it used to be--to get on Lasix a
horse has to be certified as a bleeder by a state vet, not
your own vet, following a race or work.

Op Ed cont. p8
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Op Ed cont.

Second, any horse who goes on Lasix has to carry a
five-pound penalty. From what work I've been able to
do on this with very little data that looks about right,
but after a year there will be lots of data, and the
penalty can be tinkered with. Third, older horses
currently on Lasix have the option of staying on it--and
accepting the five-pound penalty.

The idea is to allow the horses that really need
medicine to get it, and to remove the incentive for
others to use it. Best guess is this will drastically
reduce the number of horses on Lasix over time, and
enable us to concentrate on real problems, like the fact
that nasal strip info is not being provided to the betting
public, which is ridiculous. And oh yeah, the minor
problem we have with illegal drugs--which is killing our
industry.

Jerry Brown is the president of Thoro-Graph Inc.
(www.thorograph.com) publisher of data used by
professional horseplayers and horsemen. As a
consultant, he is responsible for the purchase of 87
stakes winners including Victory Gallop, Distorted
Humor, and Rachel Alexandra.
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Lasix useis in best interest of horses

By Rick Violette Jr., Commentary
Published 4:51 pm, Monday, September 15, 2014

Unlike amateur, professional and Olympic
sports, which ban specified substances in
competition while allowing a laundry list of
medications that includes everything from pain
killers to sedatives to muscle relaxers, horse
racing bans every single medication on race day
except furosemide, commonly known as Lasix.

Why do we permit racehorses to be treated with
Lasix? Lasix protects a horse's lungs from
exercise-induced pulmonary hemorrhage, a
physiological reaction to strenuous exercise that
affects not only the majority of thoroughbred
racehorses around the world, but equine
athletes of many breeds that compete in harness
racing, barrel racing, eventing and polo, as
outlined in the Merck Veterinary Manual.

The Journal of the American Veterinary Medical Association published the results of a study on
the effectiveness of Lasix in alleviating the condition in 2009. The study, underwritten in part

by The Jockey Club, concluded that the pre-race administration of Lasix decreased the
incidence and severity of such hemorrhaging. Dr. Anthony Verderosa, chief examining
veterinarian for the New York Racing Association, reported that episodes of epistaxis, the most
severe form of this condition — when a horse is in crisis and bleeding from the nostrils — was
reduced nearly 80 percent in New York after Lasix was legalized in 1995.

Science tells us that horses suffer from exercise-induced pulmonary hemorrhage, and Lasix is
the only truly effective treatment currently available. That is why the New York Thoroughbred
Horsemen's Association, representing the 5,000-plus owners and trainers competing at NYRA
tracks, is staunchly opposed to any ban on this therapeutic medication.
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Lasix is in the best interest of horses cont.

Opposition to a ban on Lasix does not, however, signify opposition to medication reform. New
York's horsemen backed the ban on anabolic steroids enacted in 2009. The horsemen's
association underlined that support when spending $415,080 to buy the equipment needed to
test for steroids.

The association is a catalyst behind the national Uniform Medication Program, which
mandates strict guidelines for therapeutic medications approved for use in training and for the
accreditation of testing labs. The association is an advocate of the "multiple medication
violation penalty system," which ensures the punishment of repeat offenders.

New York's horsemen are behind any initiative that emphasizes the welfare of the horse. The
horse is not the top priority in anti-Lasix arguments, which focus on fan perception, and
pressure from the international racing community.

There is debate on whether or not Lasix is a performance-enhancer, whether it will weaken the
breed (an argument countered by Dr. Hiram Polk Jr. in his case study, "North American
Pedigrees Down Under," which demonstrated that horses with North American bloodlines
raced more frequently and needed less time between races than those with

Australian pedigrees).

A ban on Lasix will not eliminate exercise-induced pulmonary hemorrhage, it will only
eliminate the best protection we have against it. The answer to "Why Lasix?" is simple: We are
obligated to doing everything possible to protect our horses.

The author is president of the New York Thoroughbred Horsemen's Association.
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Push Lasix To 24
Hours Pre-Race?
Study Says ‘Hold
Your Horses’

by Natalie Voss | 01.29.2018 | 3:19pm

As the debate about race-day medication rages on,
hay/oats/water advocates have pushed to eliminate furosemide
from the American raceday. But researchers and veterinarians
have been left wondering: Will furosemide (widely known as
Lasix or Salix) work as well to control exercise-induced
pulmonary hemorrhage (EIPH) if it's given the day before a
race?

According to a pair of recent studies presented at the 2017
American Association of Equine Practitioners Convention in
San Antonio, the science (for now) says no.

Currently, furosemide may be given up to four hours out from
race time. Dr. Heather Knych and a team of researchers at the
University of California wondered whether a dose 24 hours
from race time would be equally good at stopping bleeding.

Knych and her team dosed 15 horses with either saline or 250
mg of furosemide. One group was given its dose four hours
prior to a simulated five-furlong race; the other 24 hours
before. The team collected blood samples before and after the
simulated race and performed an endoscopic exam and a
bronchoalveolar lavage (BAL) after the race. They then
assigned the horses EIPH scores based on the diagnostic
results. All horses received each treatment with a resting period
of two weeks in between so researchers could understand how
the same individual reacted under different protocols.
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The researchers found there was a statistically significant
difference in scores between the four-hour and 24-hour
furosemide groups. Knych said 93 percent of horses receiving
furosemide four hours before their runs were rated as Grade 0
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for bleeding, while 60 percent of horses got a Grade 0 when
given furosemide 24 hours out. All horses had some red blood
cells in their lung lavages.

Grade 0 horses were those which showed no signs of blood on
endoscopic exam. Grades range from 0 to 4.

Knych pointed out that the horses' history regarding EIPH
wasn't known to researchers before they entered the study and
it's possible selecting specifically for known bleeders might
have made a difference in the results. Based on the final times
of individual runners, Knych noticed there was a significant
range of athletic ability within the group of 15 horses, which
also may have impacted results.

Still, Knych doesn't think the results will exactly have
regulators rushing to push the furosemide administration time
to 24 hours pre-race.

“We did not see a significant reduction in either endoscopic or
BAL red blood cell counts with 24 hours furosemide. By those
criteria, this study did not support 24-hour furosemide as being
effective,” she said.

As we reported in late 2017, experts view EIPH as a somewhat
unpredictable condition — a horse's having bled once doesn't
necessarily mean he will bleed every time he runs or that he will
bleed enough to limit his performance. While this study wasn't
designed to examine that problem, Knych said it did raise an
interesting question for her.

“There are numerous studies looking at endoscopic EIPH
prevalence. Our horses were a very healthy group. They had
lower than expected EIPH scores, but all had (red blood cells)
in their BAL's post-work, even the four hour furosemide runs,”
said Knych. “Horses raced for centuries without furosemide
and still do in many parts of the world. The unanswered
question is whether U.S. horses racing with furosemide are
healthier than horses racing internationally without
furosemide. That study has not been done and would be hard to
design.”

Could alternative management options work?

Also at the 2017 AAEP convention, Dr. Warwick Bayly of

Washington State University presented the results of his study
into prophylactic EIPH treatments. Since furosemide works by
reducing blood pressure in the pulmonary artery through fluid
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loss, Bayly wanted to know if controlling a horse's water intake
could produce a similar result. Bayly and his team gave six
horses different doses of furosemide with and without
controlled access to water 24 hours before a treadmill workout.
The horses had BALs and were scoped after exercise.

Bayly found the combination of .5 mg/kg of furosemide (the
lower of two doses he used), combined with controlled water
access significantly reduced severity of EIPH compared to any
other combination of furosemide dose and water control. Why
did the lower dose with limited water do better than the higher
dose? It's hard to say, but Bayly guesses it may have reached a
‘sweet spot’ in keeping blood pressure in the pulmonary artery
low while allowing the horse a better overall hydration level.

How do trainers implement water control into their pre-race
regimens? We don't yet have enough information to say for
sure. Finding that ‘sweet spot' for any individual horse can be
tricky on a practical level and this study only provides a piece of
the puzzle.

“There's definitely going to be individual differences. You can
count on that,” said Bayly. “There was no question we only had
six horses but there were differences in response amongst those
horses.

“The other thing that's important is EIPH is a very complex
condition. We have data from these horses on the treadmill and
when they've been on the racetrack, breezing or doing
simulated racing when they had no drugs or no treatment. Even
then, there's considerable variation from exercise bout to
exercise bout, especially on the track. On the racetrack, from a
half mile on up, severity of the bleeding in all cases was a lot
more severe than on the treadmill. That raises a number of
questions with respect to research that might be done in the
future and with respect to research that's been done in the
past.”

Bayly admitted the sample size of six horses was too small to
draw any broad conclusions. This was actually a follow-up
study to one he had done earlier with four horses, in which he
got a remarkably different result.

“It's rare, that in the world of scientific endeavor, you work out
everything you want to know about a question in one

experiment,” he said. “You go through a series of them, you get
some data, you analyze that, you interpret it, and based on that
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you decide what to do next. This is just a good example.
Scientific progress is incremental. It's rarely earth-shaking and
like Superman jumping over a tall building in a single bound.”

Where does that leave trainers who may want to change their
pre-race routines to avoid EIPH? Bayly said he's not sure, but
he points out past research has shown furosemide doesn't
always prevent EIPH in horses who are prone to it (Bayly
recalled one study which indicated as many as 30 percent of
horses receiving a dose of the drug either got worse EIPH or
saw no change in their EIPH scores from when they went
without).

“That just underlines that Lasix isn't the panacea and again
there's a lot of variation in the extent to which an individual
horse will respond to Lasix,” said Bayly.

New to the Paulick Report? Click here to sign up for our daily email
newsletter to keep up on this and other stories happening in the
Thoroughbred industry.

Copyright © 2018 Paulick Report.

This entry was posted in NL Article, Ray's Paddock, Vet Topics and
tagged Dr. Heather Knych, dr. warwick bayly, drugs in racing, EIPH,
EIPH and the Racehorse, furosemide, lasix by Natalie Voss. Bookmark
the permalink.
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Summary

Background: Due to the high prevalence of EIPH in racehorses and its potential impact on the horse's health, furosemide administration is permitted
up to 4-h prior to post time in most North American racing jurisdictions. Anecdotal reports suggest that administration of furosemide 24-h prior to
strenuous exercise may be equally effective in decreasing the severity of EIPH.

Objectives: To 1) compare the efficacy of furosemide in reducing the presence and severity of EIPH when administered 4- or 24-h prior to strenuous
exercise 2) characterise electrolyte and blood parameters following administration of furosemide at 4- and 24-h prior to exercise.

Study design: 3-way crossover.

Methods: Fifteen Thoroughbred racehorses received 5 mL of 0.9% NaCi or 250 mg of furosemide either 4- or 24-h prior to a 5-furlong simulated race.
Blood samples were collected prior to and post-run for determination of furosemide, lactate, haemoglobin and electrolyte concentrations. One-hour
post-race, an endoscopic exam and bronchoalveolar lavage (BAL) were performed. Horses were assigned an EIPH score based on predetermined
criteria and the number of red blood cells in BAL fluid was determined.

Results: Endoscopic EIPH scores were lower in the 4-h vs. the 24-h (P = 0.03) furosemide groups. RBC counts in BAL fluid were lower in the 4-h
furosemide vs. saline treatment groups (P = 0.01) but no difference was noted between the saline and 24-h furosemide groups (P = 0.3), nor between
the 4- and 24-h groups (P = 0.5).

Main limitations: Small sample size and large range of running times for the 5-furlong work.

Conclusions: While none of the treatments prevented EIPH, endoscopic scares and RBC counts in BAL fluid support the efficacy of furosemide in
reducing the severity of EIPH. Endoscopic scores were lower in the 4-h furosemide group compared with 24-h administration. Red blood cell counts

were lower in the 4-h furosemide group compared with saline treatment.

Keywaords: horse, furosemide, horse racing, exercise-induced pulmonary haemorrhage; Lasix; bronchoalveolar lavage

Introduction

Exercise-induced pulmonary haemorrhage (EIPH) is a major issue for the
racehorse industry with a high occurrence rate reported in both
Thoroughbred and Standardbred racehorses [1-3). Published reports have
described the prevalence of blood within the trachea in Thoroughbred
racehorses at 43-75% when examined endoscopically within two hours of
racing [4-7]. Furthermore, the incidence appears to increase with repeated
examinations [7,8).

EIPH is associated with increases in pulmonary arterial, capillary and
wedge pressures as a result of strenuous exercise [9). Currently, there is
no effective treatment for EIPH but the diuretic furosemide has proven
beneficial as a prophylactic treatment in reducing EIPH scores [4,7]. While
its exact mechanism of action in preventing EIPH is unknown, furosemide
has been shown to attenuate the increases in pulmonary arterial pressures
associated with strenuous exercise [10,11).

Although the diuretic effect of furosemide occurs fairly quickly following
administration [12], there appears to be a considerable lag time before
changes in pulmonary arterial pressures are observed [13). Magid et al.
[13] reported no effects in pulmonary haemodynamics when furosemide
was administered 1-h prior to strenuous exercise. Attenuation of exercise-
induced pulmonary capillary and venous hypertension were noted when

Equine Veterinary Journal 0 (2017) 1-6 © 2017 EVI Ltd

furosemide was administered 2-, 3- and 4h prior to exercise [13).
Anecdotal reports suggest that administration of furosemide 24-h prior to
strenuous exercise may be similarly effective in attenuating the effects of
strenuous exercise on pressures and haemodynamics, thereby reducing
the severity of EIPH.

Due to the high prevalence of EIPH in racehorses and the potential
impact in the short term on athletic perforrnance and over the long term
on the horses' health, most North American racing jurisdictions permit
furosemide administration as a preventative measure for EIPH up to 4-h
prior to post time. Intemationally, the use of any medication on race day Is
prohibited, leading to inconsistencies and ongoing controversies between
North American racing jurisdictions and international racing regulatory
guidelines. If effectiveness of furosemide given 24-h prior to a race is found
not to be inferior to administration 4-h before racing, a change in the
administration time of this medication from 4 to 24-h prerace may be
warranted,

Previous studies have described the effects of furosemide on EIPH in
both field trials and with horses actively in race training [4,7] as well as with
horses running on a high-speed treadmill {14}, The objective of the current
study was to expand upon these previous studies by assessing the effects
of furosemide in attenuating the severity of EIPH in actively racing
Thorcughbred horses when administered at 4- and 24-h prior to post time

1
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in simulated races. This goat was accomplished utilising a combinatien of
endoscopic examination of the airways and assessment of RBC counts in
bronchoalveolar lavage (BAL) fluid.

Materials and methods

Horses

Fifteen cllent-owned Thoroughbred horses {eight fillles, six geldings and
one Intact male, age 2-4 years) were studied. The study was advertised to
racetrack practitioners and trainers in Northem and Scuthem California.
Only horses that were in active race training and could be committed to
complete all three runs over a 5week period were enroiled. Investigators
had no prior knowledge of a horse’s EIPH status at the time of enrolment.
Horses were housed at their racetracks and remained under the care of
their trainers.

Study design and drug administration

This study was conducted in a randomised, three-way crossover design.
Each horse received 5 mL of 0.9% NaCl L.v. 4-h prior to a simulated race,
250 mg (5 mi) of furosemide i.v. 4-h prior to a simulated race, and 250 mg
{5 mL} furosemide i.v. 24-h prior to a simulated race. Water was withheld
starting immediately after dosing for horses in the 4-h furosemide or saline
groups. Horses receiving furosemide 24-h prior to the simulated race
received 2.5 t of water every 4-h until 4-h prior to the simulated race, at
which time water was withheld. All horses had free access to water
following completion of the simulated race. Randomisation and assignment
to a treatment group was performed by an investigator who was not
invelved in drug administretion or grading of the endoscopic exams. All
horses received all treatments and the order of administrations to each
horse was determined using a computerised random number generator.
Treatments were administered by racetrack veterinanans. Following a
minimum washout period of 2 weeks, horses were randomly assigned to
another dosing group until all horses received all three dosing regimens. A
2-week washout period was cbserved to ensure that there were no
residual diuretic nor haemodynamic effects, and to minimise the impact of
the previous BAL on BAL cytology; it was also done to maximise clearance
of RBC resuiting from an EIPH episode that may have occurred during the
previous simulated race, as recommended by Langsetmo et al. {15) based
on the results of Meyer et al, [16).

Simulated race

Simulated races were run in pairs over a distance of 5 furlongs to simulate
competitive recing on either a synthetic or dirt surface. Each horse was
timed individually to deterrine actua! speed.

Drug concentration determination

Blood samples for determination of drug concentration were collected
immediately prior to the 4- or 24-h furosemide administration and following
the simulated race. Samples were collected by direct venipuncture into
serum separator blood tubes. Samples were centrifuged at 3000x g and
the serum was immediately transferred into storage cryovials and stored at
~20°C until analysed.

Furosemide concentrations in blood were determined using Liquid
Chromatography-tandem Mass Spectrometry as described previously [17).

Physiologic measurements

Heart rate measurements: Horses wore a strap with two ECG
electrodes® and riders wore an equine heart rate monitor watch (Equine
RC3 GPS)® that recorded heart rates during the simulated races.

Endoscopic examination of airways: Approximately 1-h after each run,
horses were sedated with a combination of xylazine (60-100 mg iv.;
Anased®)®, detomidine (6-7 mg i.v., Dormosedan®)® and butorphanol
(7 mg iv,; Tobuugeslc®)‘ and their airways were examined with a 3-m
videoendoscope® for evidence of EIPH. Horses were assigned an EIPH
grade by an investigator with extensive experience performing endoscopic

H. K. Knych et al.

TABLE 1: EIPH scoring system

Grade Description

0 No bleod detected in the pharynx, larynx, trachea or
mainstream bronchi.
1 Presence of 1 or more flecks of blood or 2 or fewer short (less

than one quarter the length of the trachea), narrow (<10X of
the tracheal surface area) streams of blood in the trachea or
mainstream bronchi visible from the tracheal bifurcation.

2 One long stream of blood (greater than half the length of the
trachea) or more than 2 short streams of blood occupying less
than a third of the tracheal circumference.

3 Multiple, distinct streams of blood covering more than a third of
the tracheal circumference, with no blcod pooling at the
thoracic inlet.

4 Muttiple coalescing streams of blood covering more than 90% of
the tracheal surface with blocd pooling at the thoracic inlet.

exams and blinded to the treatment, according to previously described
criterla [6) (Table 1). The endoscopic exam was recorded and three
experienced racetrack veterinarians, blinded to the identity of the horse
and the treatment received, independently assigned an EIPH grade score
to each horse-run at a later date using the same criteria as described for
the initial examination (Table 1).

Bronchoalveolar lavage: \mmediately following endoscopic examination
of the ainvays, a 2.4-m long, 11-mm OD bronchoalveolar lavage (BAL)
tube® was passed blindly via the right nostril, Prior to passing the BAL
tube, the nostrils were cleaned with gauze and water and 30 mL of
tidocaine 2%' was administered into each nostril using a Foley catheter. The
BAL tube was advanced into the lung until wedged in a bronchus in the
dorsocaudal region. Lidocaine (15 mL diluted in 15 mL Phosphate Buffered
Saline [PBS]) was introduced Into the BAL tube as the tube was advanced
into the lungs to suppress coughing and alleviate discomfort to the horse.
Ten mL {volume of the BAL tube} of PBS (pH 7.4 and 300 mOsm) was
infused into the tube and the BAL tube auff inflated with air. Five 60-mL
aliquots of PBS were infused sequentially into the bronchus. After a brief
mixing time {approximately two breaths), 10-mL of PBS was aspirated from
the BAL tube and discarded. The reminder of the Infused fluid was
aspirated slowly and the volume collected was recorded. With the BAL
tube still in place, the endoscope was passed through the left nostril to
detenmine whether the BAL tube was lodged in the right or left lung. With
the endoscope still in place, the BAL tube cuff was deflated and the tube
was retracted and repositioned in the opposite lung. Once the BAL tube
was confirmed to be in the opposite lung, the endoscope was withdrawn,
dilute lidocaine was Infused as the BAL tube was advanced until it wedged,
and the BAL procedure was repeated.

The samples collected from the left and right lungs were processed and
analysed separately. The white, foamy surfactantrich fraction was
removed from each syringe and the volume of liquid in each was recorded
before all aliquots from the same lung were combined in a glass fask
containing heparin. The recovered fluid was centrifuged at 500x g for
15 min. The pellet was reconstituted with PBS using a 1:40 dilution and an
aliquot submitted for analysis. The number of RBC per ml. of recovered
fiuid was determined by the Clinical Pathology Laboratory of the William R.
Pritchard Veterinary Medical Teaching Hospital of the University of
California, Davis, using their standard protocols.

Determination  of  haemoglobin, lactete and  electrolyte
concentrations: Samples of venous blood were collected for
determinaticn of total haemoglobin, lactate and K°, Na*, Ca®*, CI~ and
HCO;~ concentrations immediately prior to and following each simulated
race. Samples were collected into PICO blood glass safety syringes® which
were subsequently capped to prevent introduction of air into the syringe
and placed on ice until analysis (4-6 h). Analysis was conducted using an
ABL9O FLEX analyser”. Values are reported as mean + s.d. for each dose
group.

Equine Veterinary Journal 0 (2017) 1-6 © 2017 EVI Ltd
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TABLE 2: Serum furosemide concentrations following intravenous administration of 250 mg of furosemide to 15 Thoroughbred racehorses
either 4- or 24-h prior to maximal exercise. Samples were collected prior {7-min to 1-h and 26-min, and 5-min to 1-h and 40-min for the 4-
and 24-h groups, respactively) and following (9- to 32-min and 9- to 34-min for 4- and 24-h groups, respectively)

4-h furosemide

24-h furosemide

Time Average + s.d. (ng/mL) Median {Range) (ng/mL) Average + s.d. (ng/iml) Median (Range) (ng/mL)
Pre-run 170+ 27 16.9 (11.3-21.7) 0.18 + 0.05 0.17 10.10-0.27)
Post-run 16.7 + 34 16.7 {10.3-25.5) 0.20 £ 0.07 0.18 (0.10-0.33)

Data analysis

Assessment of endoscopic EIPH scores comparing the three treatment
groups was initially performed using an exact Friedman test, fallowed by
pairwise exact Wilcoxon signed-rank test to compare individual groups to
each other, Assessment of endoscopic EIPH scores between evaluators
within treatment groups was performed using an exact Friedman test.
Following creation of models for assessment of RBC count, haemoglobin,
lactate and electrolyte concentrations, standardised residuals were
calculated and evaluated for meaningful departures from normality by
creating normal probability plots. Transformations of dependent variables
{e.g. natural logarithm) were used when appropriate to normalise the
residual distribution. In addition, the residuals were plotted against the
treatment groups to evaluate homoscedasticity. Model assumptions were
fulfiled in the final models presented. Mixed effects linear regression
analysis was used to test for differences in log transformed RBC counts
with horse treated as a random effect and treatment, (ung side and run
time as fixed effects. Mixed effects linear regression analysis was also used
to test for differences in haemoglobin, lactate and electrolyte
concentrations between each treatment group; horse was treated as a
random effect and treatment, time {pre- and post-run), and their interaction
with treatment were also incduded in the model as fixed effects.
Significance was set at P<0.05 for all tests.

Results

Forty-two of the 43 simulated runs were run in pairs. Twenty-one of 43
runs were run on a synthetic surface' and 22/43 runs were run on dirt
surfaces™. Horses completed the S-furlong run in times ranging from 59.33
to 65:00 s (6253 & 1.28 [mean & s.dj). The maximum recorded heart
rates during the simulated races ranged from 201 to 225 bpm. Serum
samples for determination of furosemide concentrations were collected
both pre- and post-run. Sample collection times for the pre-run samples
ranged from 7 min to 1-h and 26 min and 5-min to 1-h and 40 min prior to
the run for the 4 and 24-h furosemide groups, respectively. Post-un
sample collection times ranged from 9 to 32 min and 9 to 34 min for the
4- and 24-h furosemide groups, respectively. Furosemide concentrations
are listed in Table 2. Thirteen of the 15 horses completed all three
simulated races. The remaining two horses completed two {4- and 24h
furosemide administrations) of the three simulated races. Both horses
missed one simulated race due to lameness, one prior to the second run
and the second horse prior to the final run,

Individual EIPH scores for each horse, following each treatment, are in
Table 3. Based on evaluation by the investigator who assigned an EIPH
score in real time, 93% of the horses had post-race EIPH scores of 0 when
furosemide was administered 4-h prior to the simulated race, 60% had a
score of O at 24-h post-lurosemide administration; 69% had a scare of 0
post-saline administration. There was a difference in EIPH scores between
the 4- and 24+ (P = 0.03) furosemide administrations, but no difference
between the saline group and either furosemide treatment group.
Comparison of EIPH scores assigned by all evalyators is (n Table 4. EIPH
scores between evaluators were significantly different in the 4-h
furosemide group (P = 0.01). With blind passage of the BAL tube via the
right nostril, the tube fell first into the right lung 30743 times and first into
the left kng 13/43 times. It was not possible to collect a BAL sample from
the right lung from one horse in the saline group and from one horse in
the 4-h furosemide group. The average recoveries of BAL fluid from the
right lung were 49.6, 42.9 and 48.6% for saline, 4-h furosemide and 24-h
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TABLE 3: EIPH scores following intravenous administration of
250 mg of furosamide or 5 mL of 0.9% NaCl to 15 Thoroughbred
raceharses either 4- or 24-h prior to maximal exercise. Endoscopy
was performed approximately 1 h post-run by an investigator
blinded to treatment

Horse 0.9% Saline 4-h Furosemide 24-h Furosemide
number {n=13) n=15) n=15)
1 0 0 0

2 0 1

3 0 0 0

4 4] 0 0

5 — 0 3

6 [} 0 1

7 (4] 0 0

8 —_ 0 0

9 1 0 1

10 0 0 0

1n 0 0 0

12 1 0 0

13 0 0 0

14 2 1 3

15 0 0 2
Median 0(0-2) 0 {o-1)° 0 (0-3)°

{range)

Significantly different from 4-h furosemide group.
YSignificantly different from 24-h furosemide group.

furosemide groups, respectively, and 56.6, 53.2 and 59.6% from the left
lung for saline, 4-h furosemide and 24-h furosemide groups, respectively.
Individual horse RBC counts from BAL fluid collected from the right and left
lungs, along with run times, are listed by treatment in Supplementary item
1. The average RBC counts for each horse, as well as the order of the
treatments in most effectively reducing the number of RBC, are in
Supplementary item 2. The average RBC count for each dose group is in
Fig 1. There was no difference in RBC count between the right and left
lungs within a treatment group. There was a difference in RBC count
between the satine and 4-h furosemide treatment groups (P = 0.01), but
no difference between the saline and 24-h furosemide treatment groups
{P = 0.2) nor between the 4- and 24-h treatment groups (P = 0.6).

Blood samples for determination of total haemoglobin, lactate
cencentration and electrolyte concentrations pre- and postrun were
collected at the times listed above for determination of furosemide
concentrations. Sample collection times for the saline group ranged from
13 to 43 min and 14 to 36 min for pre- and post-run samples, respectively;
all values are in Supplementary item 1. Significant differences were noted
between treatment groups when controlling for time (pre- and post-run) for
potassium (4-h vs. 24-h furosemide, P = 0.03), sodium (saline vs. 24-h
furosemide, P = 0.01), calcium (saline vs. 24+ furosemide, P = 0.03; 4-h
vs. 24- h furosemide, P = 0.04) and chleride {saline vs. 4-h furosemide,
P =005 4h vs. 24h furosemide, P = 0.002). There was a significant
increase in haemoglobin (P<0.01), lactate (P<0.01), potassium (P = 0.003)
and sodium (P<0.01) concentrations in post-coilection time compared with
precollection time after controlling for treatment group. There was a
significant decrease in caldum (P =001) and bicarbonate (P<0.01)
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TABLE 4: Comparison of EIPH scores as assigned by four evaluators following i.v. administration of 250 mg of furosemide or 5 mL of 0.9%
NaCl to 15 Thoroughbred racehorses either 4- or 24-h prior to maximal exercise. Endoscopy was performed approximately 1-h post-run.

Evaluator #1 assigned scores in real time

Saline {n = 13} 4-h Furosemide (n = 15) 24-h Furosemide (n = 15}
Evaluator
Horse No. " #2 #3 #4 #1 #2 #3 #4 #1 w2 #3 #4
1 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 1 1 0 0 0 0 1 1 1 1
3 0 1 1 1 0 0 0 0 0 0 0 0
4 o] 0 1 0 0 4] 0 0 0 1 1
5 — — - — 1] 0 0 0 1 1 1 1
6 ] 0 0 4] 0 0 1 0 1 1 1 1
7 0 0 0 0 0 1 1 1 0 0 0 0
8 — — — — 0 0 0 0 0 0 0 0
9 1 1 2 2 0 0 0 0 1 1 2 1
10 0 1] 0 0 0 0 1 0 0 0 0 0
1 4] 0 0 0 0 0 0 0 0 0 1 0
12 1 1 1 1 0 0 0 0 0 0 0 0
13 1] 0 1 0 0 0 0 0 0 1 1 1
14 2 2 2 2 1 1 2 1 3 3 3 2
15 4] 0 0 1 0 0 1 0 2 2 2 1
Median (range) 0 (0-2) 0{0-2) 110-2) 0{0-2) 0 (0-1)° 0 -1)° 0 (0-2° 0 (0-1)* 0 {0-3) 0 (0-3) 1(0-3) 1(0-2}
Scores were significantly different between evaluators.
— = Right lung furoselmide adminis_tered 24-h prior Lo_rlacingl would be as eilective_ in
b = Left lung reducing the severity of EIPH as administration at 4-h prior to racing
based on both diagnostic procedures.
In the current study, horses were enrolled without any prior knowledge
600 1 by the investigators as to whether they had previously been diagnosed
with EIPH. There was no difference between EIPH scores in horses
receiving furosemide either 4- or 24-h prior to the simulated race and
those administered saline. This is in contrast to a previous report in which
400 4 furosemide decreased EIPH scores relative to saline in control horses [4,7].

RBC {10°/mL of BAL fluid)

:

4 hr
Treatment

Fig 1: Red blood cell counts [RBC) in bronchoalveolar lavage fluid collected 1-h
post-maximal exercise from 15 Thoroughbred racehorses following administration
of 0.9% saline iv. 4h prior to exercise; 250 mg of furosemide iv. 4-h prior to
exercise; or 250 mg of furosemide i.v. 24-h prior to exercise. The RBC count was
different between 4-h furosemide administration and saline (a, b; P = 0.01); not
different between 24-h furosemide administration and saline (P = 0.1); and
not different between 4- and 24-h furosemide administration [P = 0.6).

saline 24 hr

concentrations in post-collection time compared with precollection time
after controlling for treatment group.

Discussion

Previous studies have described the effects of furosemide on EIPH in
both field trials and with horses actively in race training [4,7] as well as
with horses running on a high-speed treadmill [14]. The current study
expands upon these previous studies by assessing the effects of
furosemide in actively racing Thoroughbred horses, utilising a
combination of endoscopic examination of the airways and assessment
of RBC counts in BAL fluid. Furthermore, we sought to assess whether

4

One possible explanation for the disparate research findings may be that
the number of horses evaluated in the study reported by Pascoe and
colleagues [4] (62 horses) and Hinchcliff and colleagues [7] (152 horses)
were much greater than in the current study. It is conceivable that had a
larger number of horses been enrolled in the current study, that the
differences between the saline and furosemide treatment groups may have
been significant. The EIPH status of the horses was unknown at the time of
enrolment, whereas in the Pascoe et al. [4] study, a large percentage of
the horses studied were known to have EIPH prior to treatment. The
studies were also conducted under different conditions: the present study
under breezing, and the larger study under racing conditions; these
conditions could have modified the effect of furosemide relative to the
placebo. Finally, the present study relied on a crossover design to ensure
that all horses received each treatment, unlike the larger study that was
group randomised. Horses enrolled in the current study generally had low
EIPH scores (0 and 1), regardless of treatment, compared with previous
track studies [4,7]. Differences in EIPH scores may have been noted
between the furosemide and saline treatment groups had more horses
with a known history of EIPH been studied or if horses with clinically
problematic EIPH had been selected. Furosemide appears to be more
effective in reducing higher EIPH scores [7]. It should also be noted that
only 13 of the 15 horses were treated with saline prior to the run, whereas
both furosemide treatment groups had 15 horses. The lower sample size in
the saline treated group could have reduced the ability to detect
differences between the saline and furcsemide treatment groups. Another
possible, but less likely, explanation for the disagreement between the two
studies is that furosemide was administered 1-h prior to work in the study
conducted by Pascoe and colleagues (4] compared with 4- or 24-h prior to
a high-intensity run in the current study. While it is possible that the shorter
time of furosemide administration before working decreased the intensity
of the EIPH-associated haemorrhage in the Pascoe et ol study [4], other
reports suggest that there is a lag time of several hours before pulmonary
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haemodynamics are affected [13). Despite the limitations detailed above,
EIPH scores in the current study were lower when horses received
furosemide 4-h prior to a run compared with administration 24-h prerun,
suggesting that administration at 4-h may be more effective in decreasing
the amount of endoscopically visible haemorrhage compared with 24-h,

Although endoscopy is commonly used in racetrack practice to diagnose
EIPH, several studies have demonstrated that this is not the most sensitive
method for diagnosis as it does not include assessment of the terminal
airways and alveolar spaces [16,18,19]. Furthermore, horses that are
ultimately diagnosed with EIPH using more sensitive methods do not
necessarily have signs of haemorrhage cn endoscopic examination [16,20).
Bronchoalveolar lavage has been shown to be a much more sensitive
means by which to diagnose and assess the severity of EIPH {20).
Endoscopic EIPH scores did not appear to correlate with the results of RBC
counts from BAL in this study. Based on the presence of RBC in the BAL
fluid, all 15 horses experienced some degree of EIPH during all runs and
with all three treatment protocols (a total of 43 runs). Only 11 (26%) of
these runs were associated with endoscopically visible haemorrhage
{grade 1 or higher), whereas the remaining 74% showed no visible
haemorrhage (grade 0). It is important to note that although all harses
experienced some degree of EIPH upon analysis of BAL fluid, the dinical
significance and effect on performance remains to be determined.

The BAL tube was passed a total of 43 times in the current study. In
each horse, the tube was initially passed biindly via the right nostril and in
30 {707 of those cases the tube fell first into the right lung and in 13 (30%)
cases it went first into the left lung. This is consistent with previous reports
whereby in the majority of cases of blind passage resulted in the BAL tube
naturally falling into the right fung (21-23]. It has been proposed that the
propensity for the BAL tube to naturally fall into the right fung upon blind
passage may be related to the straighter disposition of the right mainstem
bronchus compared with the left [24). Also attributed to the anatomica)
differences in the right and left main stem bronchus are differences in
neutrophil and haemosiderophage percentages and haemosiderophage/
macrophage (H/M) ratios [24) as well as a higher incidence of aspiration
bronchapneumonia in the right vs. the left lung [25]. In contrast, reports
describing RBC counts in BAL fluid collected from horses with EIPH
reported no difference in RBC numbers between the right and left lungs
[16). This is similar to findings in the current study whereby there was no
difference in mean RBC counts between the right and left lungs within
treatment groups; however, substantial differences between the right and
left lung were observed in individual horses.

One of the primary objectives of the current study was to compare the
efficacy of furosemide in reducing EIPH as measured by RBC counts when
administered 4- vs. 24-h prior to maximal exercise. The RBC counts were
lower when furosemide was administered 4h prior to high-intensity
exercise compared with horses receiving saline, whereas there was no
difference in RBC counts between saline and 24-h furosemide
administration or between 4- and 24-h furosemide administration. Although
the average RBC count was not different between 4 and 24-h furosemide
administration, the majority of horses had the lowest average RBC count
following 4-h furosemide administration, suggesting a trend of reduced
bleeding with 4-h vs. 24 furosemide administration. This suggesticn is
further supported by the comparisons between 4+ vs. saline (difference)
and 24-h vs. saline (no difference).

One notable limitation in the current study is the sample size. Inclusion
of additional horses may have yielded a more definitive conclusion
regarding the efficacy of administration of furosemide at 4- vs. 24-h prior to
high-intensity exercise. Althaugh inclusion of horses in the current study
was not made based on EIPH status, the severity of EIPH in the horses in
this study appears to be lower than in previcus studies. Additicnally,
horses enrolied in the current study had a range of athletic abilities, with
running times ranging from $9.33 to 65.00 s (mean of 6253 5) for 5
furlongs. While this range of athletic abilities is likely representative of the
population of Thoroughbred horses racing in North America, it is possible
that inclusion of a greater proportion of faster or slower horses may have
yielded a more definitive answer. Previous studies have concluded that
furosemide appears to be more effective in horses that run with faster vs.
slower times (26).

This study describes in racing Thoroughbred haorses the effects of
furosemide administered 4- and 24-h prior to maximal exertion on
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endoscopic EIPH scores and RBC counts in BAL fluid. Based on EIPH
scores, findings in the current study support previous findings of the
efficacy of furosemide administration in reducing the severity of EIPH in
horses but do not support anecdotal reports of equivalent efficacy of
furosemide in attenuating bleeding when administered 4- and 24-h
prerace. The lack of a difference in RBC counts between horses receiving
saline and those receiving furosemide 24-h prerace, coupled with a
difference in RBC counts between the saline and 4-h furosemide groups,
suggests that 24h administration is not as efficacious as 4h
administration in attenuating the haemorrhage associated with EIPH.
However, the lack of a difference in RBC counts between the 4- and 24-h
furosemide groups confounds this interpretation. While all horses showed
cytological evidence of bleeding with all three treatments and none of the
treatments prevented EIPH, 4-h furosemide administration appeared to
most effective in reducing severity.
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1 | INTRODUCTION

Furosemide is a diuretic agent used commonly in racehorses to attenuate the bleeding
associated with exercise-induced pulmonary hemorrhage (EIPH). The current study
describes serum and urine concentrations and the pharmacokinetics of furosemide
following administration at 4 and 24 hrs prior to maximal exercise. Eight exercised
adult Thoroughbred horses received a single IV administration of 250 mg of furosem-
ide at 4 and 24 hrs prior to maximal exercise on a high-speed treadmill. Blood and
urine samples were collected at time O and at various times for up to 72 hrs and furo-
semide concentrations determined using liquid chromatography-tandem mass spec-
trometry. Serum furosemide concentrations remained above the LOQ (0.05 ng/ml) for
36 hrsiin 3/8 and 1/8 horses in the 4- and 24-hrs groups, respectively. Serum concen-
tration data were best fit by a two-compartment model. There was not a significant
difference in the volume of distribution at steady-state (0.594 +0.178 [4 hrs] and
0.648 +0.147 [24 hrs] L/kg) or systemic clearance (0.541 +0.094 [4 hrs] and
0.617 + 0.114 [24 hrs] L/hrs/kg) between horses that were exercised at 4- and 24 hrs
postdrug administration. The mean  SD elimination half-life was 3.12 + 0.387 and
3.23 £0.407 hrs following administration at 4 and 24 hrs prior to exercise,
respectively.

reducing the severity of EIPH when administered 24 hrs prior to a race
as when administered 4 hrs before a race (Warwick Bayly, personal

Furosemide is a diuretic agent used commonly in racehorses to at-
tenuate the bleeding associated with exercise-induced pulmonary
hemorrhage (EIPH). Due to the high prevalence of EIPH in racehorses,
administration of furosemide is permitted up to 4 hrs prior to race,
making it a permitted race day medication in North America, Recently,
it has been suggested that furosemide may be equally effective in

communications).

Although blood concentrations of furosemide have been de-
scribed previously, drug concentrations have only been reported for
6-8 hrs postadministration (Chay et al., 1983; Dirikolu et al., 2003).
Dirikolu et al. (2003) collected samples until 24 hrs postfurosemide
administration; however, concentrations were only reported up to
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6 hrs postadministration. Furosemide concentrations at 6 hrs post-
administration were below the limit of quantitation (3.9 ng/ml) in
3/10 horses and ranged from 5 to 9.5 ng/ml in the remaining seven
horses (Dirikolu et al., 2003). If furosemide were to be demonstrated
to be as effective at 24 hrs postadministration in reducing the se-
verity of EIPH and the prerace administration time were moved to
24 hrs, regulatory laboratories would need to increase the sensi-
tivity of their analytical methods to accommodate the rule change.
Therefore, the objective of the current study was to develop a
highly sensitive assay that could be used to quantify serum furo-
semide concentrations for a minimum of 24 hrs postdrug adminis-
tration. Additionally, we sought to describe the pharmacokinetics of
furosemide when horses were exercised at 4 and 24 hrs postdrug
administration.

2 | MATERIALS AND METHODS

2.1 | Horses

Eight healthy, University-owned and exercised Thoroughbred horses,
three mares and five geldings, (age 3-6 yr; weight 502 + 36.1 kg
[4 hrs]; 495+ 46,5 [24 hrs] [mean + SDJ), were studied. No medi-
cations were administered for a minimum of four weeks prior to
commencement of the study. Before beginning the study, horses
were determined to be healthy by physical examination, complete
blood count and a serum biochemistry panel. Blood analyses were
performed by the Clinical Pathology Laboratory of the William R.
Pritchard Veterinary Medical Teaching Hospital of the University of
California, Davis, using standard protocols. The study was conducted
with approval of the Institutional Animal Care and Use Committee of
the University of California, Davis.

All horses used in the study are part of the regularly exercised
research herd at the University of California, Davis, and are ac-
customed to running on a high-speed treadmill (Mustang, Graber
AG, Switzerland). For the first 5 weeks prior to commencement
of the study, horses were exercised for 3 days each week on the
high-speed treadmill at 0% grade according to the following proto-
col: walk (2 m/s) for 5 min, trot (4 m/s) for 3 min, canter (7 m/s) for
2 min, gallop at 10 m/s and 14-15 m/s for 1 min each, followed by a
cool-down. For the final 3 weeks prior to dosing, the same regimen
was followed with the treadmill inclined to a 4% grade. On days that
horses were not exercised on the treadmill (4 days per week), they
were exercised on an Equineciser (Centaur Horse Walkers Inc, Mira
Loma, CA, USA). Three of those days consisted of a 5-min walk, 30-
min trot followed by a 5-min walk. The fourth day consisted of a
20-min walk.

2.2 | Study design, instrumentation and drug
administration

Prior to drug administration, a 14-gauge catheter was placed in
one external jugular vein for sample collection. Each horse was
weighed immediately prior to drug administration. This study was

conducted in a randomized, balanced two-way crossover design.
Randomization was performed by an investigator who was not
involved in drug administration. All horses received both treat-
ments, and the order of administrations to each horse was deter-
mined using a random number generator. Horses were randomly
assigned to receive 250 mg (5 ml) of furosemide (Salix® 50 mg/
ml, Merck Animal Health, Elkhorn, NE) IV 4 hrs prior to exercise
or 250 mg (5 ml) furosemide IV 24 hrs prior to exercise. All drugs
were administered directly into the jugular vein. Water was with-
held starting immediately after dosing for horses in the 4-hrs furo-
semide group. Horses receiving furosemide 24 hrs prior to the
treadmill exercise received 2.5 L of water every 4 hrs until 4 hrs
prior to exercise, at which time water was withheld. All horses
had free access to water within one hour of completion of the
treadmill run. Horses were exercised at 4 or 24 hrs postdrug ad-
ministration on a high-speed treadmill according to the following
protocol. Horses warmed up at a walk (2 m/s) and trot (4 m/s) on
a 0% incline. Following the warm-up period, the treadmill was el-
evated to a 4% grade and the speed increased to 7 m/s for 1 min,
after which the treadmill speed was increased to induce the
horse to gallop at a speed determined during the training runs to
elicit maximal heart rate that the horse could maintain for 1 min.
Following a minimal washout period of 2 weeks, horses were as-
signed to the other dosing group until all horses had received both
dosing regimens.

2.3 | Sample collection

231 | Blood

Blood samples for determination of drug concentrations were col-
lected at time O (prior to drug administration) and at 5, 10, 15, 30,
and 45 mins after, and at 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 18, 24, 36, 48
and 72 hrs postfurosemide administration. Samples were collected via
a jugular vein intravenous catheter. Catheters were removed follow-
ing collection of the 24-hrs sample, and the remaining samples were
collected by direct venipuncture. Blood samples were collected into
serum separator blood tubes and centrifuged at 3000 % g. Serum was
immediately transferred into storage cryovials and stored at -20°C
until analyzed by liquid chromatography tandem mass spectrometry
{LC-MS/MS).

232 | Urine

Urine samples were collected from all horses via free catch for meas-
urement of furosemide concentrations. Samples were collected on
Day O (prior to drug administration), at 4 hrs and 24 hrs postdrug ad-
ministration and on days two and three postfurosemide administra-
tion. For horses in the 4- and 24-hrs administration groups, samples
were collected immediately after horses finished their treadmill run.
Specific gravity and total protein were measured using an optical re-
fractometer. Samples were stored at -20°C until analysis by LC-MS/
MS.
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2.4 | Drug concentration determination

2.4.1 | Serum sample analysis

Furosemide working solutions were prepared by dilution of 1 mg/
mL stock solutions (Cerilliant, Round Rock, TX) with methanol to con-
centrations of 0.01, 0.1, 1, 10 and 100 ng/yl. Serum calibrators were
prepared by dilution of the working standard solutions with drug-
free equine serum to concentrations ranging from 0.05 to 4000 ng/
ml. Calibration curves and negative control samples were prepared
fresh for each quantitative assay. In addition, quality control samples
(serum fortified with analyte at three different concentrations within
the standard curve) were included with each sample set as an addi-
tional check of accuracy.

Prior to analysis, 1 ml of serum was diluted with 100 pl of water
containing d5-furosemide (Toronto Research Chemicals, Toronto,
ON) internal standard at 5 ng/ml. Two-hundred and fifty microliters
of 0.2 N HCl was added to adjust the sample pH to 5, and the sam-
ples were vortexed briefly to mix. Five milliliters of methyl tert-butyl
ether:methylene chloride (60:40, v:v) was added to each serum sam-
ple, and the samples were mixed by rotation for 20 min at 40 rpm.
After rotation, samples were centrifuged at 2260 g for 5 min at 4°C.
The top organic layer was transferred to a 12 x 75 mm glass tube, and
samples were dried under nitrogen and dissolved in 120 pl of 5% ace-
tonitrile in water, both with 0.2% formic acid. The injection volume
was 40 pl into the LC-MS/MS system.

The concentration of furosemide was measured in serum by LC-MS/
MS using negative heated electrospray ionization. Quantitative analy-
sis of serum was performed on a TSQ Vantage triple-quadrupole mass
spectrometer (Thermo Scientific, San Jose, CA) coupled with a turbulent
flow chromatography system (TFC TLX2 Thermo Scientific, San Jose,
CA) having LC-10ADvp liquid chromatography systems (Shimadzu,
Kyoto, Japan) and operated in laminar flow mode. The spray voltage was
3000V, and the sheath and auxiliary gas were 45 and 30, respectively
{arbitrary units). Product masses and collision energies of each analyte
were optimized by infusing the analytes into the mass spectrometer.
Chromatography employed an ACE 3 C18 10 cm x 2.1 mm 3 ym col-
umn {Mac-Mdd Analytical, Chadds Ford, PA) and a linear gradient of
acetonitrile (ACN) in water with a constant 0.2% formic acid at a flow
rate of 0.35 ml/min. The initial ACN concentration was held at 10% for
0.5 min, ramped to 90% over 5.5 min, held at that concentration for
0.17 min, before re-equilibrating for 4 min at initial conditions.

Detection and quantification were conducted using selective
reaction monitoring of initial precursor ion for furosemide (mass to
charge ratio (m/z) 328.9) and d5-furosemide ({m/z) 333.9). The re-
sponse for the product ions for furosemide (m/z 121.1, 204.8, 285.9)
and d5-furosemide (m/z 205.8) was plotted, and peaks at the proper
retention times were integrated using Quanbrowser software (Thermo
Scientific, San Jose, CA). Quanbrowser software was used to gener-
ate calibration curves and quantify furosemide in all samples by linear
regression. The method validation process met with Association of
Racing Commission (AORC) MS guidelines. A weighting factor of 1/X
was used for all calibration curves.

Velerinary Pharmace andTherapeutics

24.2 | Urine sample analysis

Furosemide working solutions were prepared as described above.
Urine calibrators were prepared by dilution of the working standard
solutions with drug-free equine urine to concentrations ranging from
1 to 6000 ng/ml. Calibration curves and negative control samples
were prepared freshly for each quantitative assay. In addition, quality
control samples (urine fortified with analyte at three different concen-
trations within the standard curve) were included with each sample
set as an additional check of accuracy.

Prior to analysis, 1 ml of urine was diluted with 200 pl of water
containing d5-furosemide internal standard at 50 ng/ml and 0.4 ml
of (-glucuronidase enzyme, (Sigma Aldrich, St. Louis, MO) at 10,000
Units/ml at pH 5 and 1.6 m acetate buffer. The samples were vortexed
briefly to mix and the pH of the samples was adjusted to 5 *+ 0.5 with
2 N NaOH or 2 N HCl, as necessary. Samples were heated in a soni-
cating Branson water bath (Danbury, CT) at 65°C for 2 hrs with 99 min
of sonication. After cooling to room temperature, 1.4 ml of 0.6 M pH
6.5 phosphate buffer was added to the samples and the samples were
vortexed briefly to mix them and were then subjected to solid phase
extraction using Cerex polycrom Clin Il 3 cc 35-mg columns (Cera, Inc.
Baldwin Park, CA). Samples were loaded onto the columns over a min-
imum of at least 2 min, washed consecutively with 3 ml of water, 2 ml
of 1.0 M acetic acid, and 3 ml of hexane prior to elution with 3 ml of
ethyl acetate:hexane (1:1 viv). Samples were dried under nitrogen at
45°C and reconstituted in 160 pl of 5% ACN in water, both with 0.2%
formic acid. The injection volume was 40 il into the LC/MS system.

Detection and quantification were the same as described above
except the quantitative ion used for quantitation for furosemide was
(m/z 206) and for d5-furosemide was (m/z 205.8, 289.9).

2.5 | Pharmacokinetic analysis

Compartmental analysis was used for determination of pharmacoki-
netic parameters for intravenously administered furosemide using
commercially available software (Phoenix WinNonlin 6.2 (Certara, St.
Louis, MO). Goodness of fit and the appropriate weighting factor were
selected based on visual analysis of observed versus predicted con-
centration graphs and residual plots as well as coefficient of variation,
Akaike information criterion (AIC; Yamaoka, Nakagawa, & Uno, 1978)
and Schwarz's Bayesian criteria (SBC; Schwarz, 1978).

2.6 | Statistical analysis

Mixed-effects linear regression, with horse as the random effect,
was used to evaluate the joint effects of time and treatment time
on the natural log (In) concentration of furosemide. An initial model
with a time-by-treatment interactions was fit, and a global Wald test
was used to test for the overall improvement of model fit by inclu-
sion of the interaction terms. If the fit of the model with interactions
was not significantly better than a main-effects-only model, then the
latter was fit. Mixed-effects analysis of variance was used to com-
pare the effects of paired treatments within horses (4 vs 24 hrs) on
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pharmacokinetic parameters; results are presented as $5% confidence
interval of the difference and p-values from testing the null hypothesis
that treatment differences = 0.

3 | RESULTS

The coefficients of determination (R?) for the furosemide serum and
urine calibration curves were 0.99 or better. The intraday and inter-
day precision and accuracy of the assay were determined by assay-
ing quality control (QC) samples in replicates (n = 6) for furosemide
at three concentrations within the curve including a QC level at
three times the limit of quantitation (LOQ). Accuracy was reported
as percent nominal concentration (% CV), and precision was reported
as percent relative standard deviation (RSD) (Table 1). Accuracy and
precision for both matrices were considered acceptable based on the
Food and Drug Administration's guidelines for Bioanalytical Method
Development. The LOQ was the lowest calibrator that could be
measured with acceptable precision and accuracy. The limit of detec-
tion (LOD) was established based on the lowest calibrator with a 3:1
signal-to-noise ratio. The analytical method was optimized to provide
an LOQ of 0.05 ng/ml and an LOD of approximately 0.025 ng/ml in
serum and an LOQ of 1 ng/ml and LOD of 0.5 ng/ml in urine.

Mean furosemide serum concentration over time curves is de-
picted in Figure 1, and mean (+5D) serum furosemide concentrations
is in Table 2. Serum concentrations for horses receiving furosemide 4
and 24 hrs prior to exercise were compared. There was no improve-
ment of fit through the inclusion of a time-by-treatment interaction
term (p = .603). After controlling for time, there was no association be-
tween treatment time and the In furosemide concentration (p = .285).
Serum furosemide concentrations remained above the LOQ (0.05 ng/
ml) for 36 hrs in 3/8 in 4-hrs group and 1/8 in 24-hrs group (Figure 1;
Table 51). Furosemide concentrations were no longer detectable at
48 hr postadministration. A two-compartment model (C, = Ae™ +
Be™™) with a multiplicative weighting factor (C * (1 + Ceps)) gave the
best fit to furosemide concentration data. The average (+ SD) values
for a number of pharmacokinetic parameters are listed in Table 2. The
volume of distribution of the central compartment (V,; 0.282 + 0.210
(4 hrs] and 0.204 £ 0.036 [24 hrs] L/kg) and systemic clearance (Cl;
0.541 + 0.094 [4 hrs] and 0.617 + 0.114 [24 hrs] L/hrs/kg) were not
different between horses that were exercised at 4- and those exercised
at 24 hrs postdrug administration (Table 2). The volume of distribution

TABLE 1 Accuracy and precision values for LC-MS/MS analysis of furosemide in equine serum and urine

10,000
—&— 4 h postadministration (n = 8)
—0O— 24 h postadministration (n = §)

Serum [furosemide] (ng/ml)

0 12 24 36 48
Time (hr)

FIGURE 1 Mean £ 5D serum furosemide concentrations following
intravenous administration of 250 mg of furosemide to eight horses,
4 and 24 hrs prior to maximal exercise on a high-speed treadmill

at steady-state was also similar between horses that received furo-
semide at 4 hrs (0.594 + 0.178 L/kg) and 24 hrs (0.648 + 0.147 L/kg)
prior to exercise (Table 2).

The average ( SD) urine specific gravity, total protein and furose-
mide concentrations are reported in Table 3.

4 | DISCUSSION

In North America, furosemide is a permitted race day medication
for the treatment EIPH. Anecdotal reports of the efficacy of furo-
semide in decreasing the severity of EIPH when administered 24 hrs
prior to a race have led to discussions about changing the permitted
administration time from 4 to 24 hrs prior to a race. However, cur-
rently furosemide concentrations have only been described for up
to 8 hrs postadministration. The primary goal of the current study
was to develop an analytical assay that would be sensitive enough
to quantify furosemide concentrations for up to 24 hrs postadmin-
istration, should there be a change in current racing regulations to
prohibit race day administration of furosemide. Previous studies
have reported LOQs ranging from 3.9 to 15 ng/ml (Dirikolu et al.,
2003; Dyke, Hinchcliff, Sams, McKeever, & Muir, 1996). In the study
reported here, the LOQ was much lower (0.05 ng/ml), allowing for
quantitation of furosemide concentrations until 24 hrs postadminis-
tration in all horses and up to 36 hrs in some horses. This assay would

po— — T—
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250 101 3.0 99.0 4.0

2000 100 6.0 102 5.0

Urine 1l 96.0 6.0 97.0 9.0
50.0 109 6.0 110 4.0

4000 102 4.0 102 40
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TABLE 2 Mean % SD pharmacokinetic
parameters, following a single intravenous
of administration of 250 mg of Salix® to
eight exercised Thoroughbred horses, 4

A (ng/mi) 25411531 2533+ 508 [-1097, 567.1],p=.533

and 24 hrs prior to strenuous exercise i :

B (ng/mi) 27.2+5.48 31.8£5.88 [149,11.3],p=.011
Alpha (1/h) 312+ 142 3.67 £0.518 [-0.572,0.931], p = .640
Beta (1/h) 0205+0024  0218+0.024 [-0.004,0,040], p =.107
ty/00 () 0.339+0.303  0.193+0.032 [-0.170, 0.067], p = .392
tyza (h) 3.42 +0.387 3.23+0.407 [-0.664,0.076], p = 119
AUC,, (hrs'ng/ml)  959.6 +236.3 841.3 £ 1325 [-266.8,81.6], p = 298
Cl (L/(hrs/kg) 0.541+0.094  0.617+0.114 (-19.4,172.1),p =118
V, (L/ke) 028240210  0.204+0.036 [-215.2, 58.2], p = 261

'V, (Ukg) 0594+0178 064840147 [-95.5,203.9], p= 478

All pharmacokinetic parameters were generated using compartmental analysis. The 95% confidence
interval of differences in means and p-values was generated from statistical analysis comparing 4- to
24-hrs values. A and B, intercepts at t = O for the model equation; alpha and beta, slopes for the mod-
eled equation; V,, volumes of the central compartment; V,,, volume of distribution at steady-state
(calculated as MRT * CI); t1,,,, distribution half-life; t, ,, elimination half-life; AUC,,,,, area under the
curve until the last time point; Cl, total systemic clearance.

be suitable to adequately regulate the use of furosemide at 24 hrs
postdose.

Serum furosemide concentrations in the current study were best fit
by a two-compartment pharmacokinetic model, which is in agreement
with the study reported by Roberts, Blake, and Tobin (1978) and Dirikolu
et al. (2003). Chay et al. (1983) describe a triexponential equation as
giving the best fit to drug concentration data. The reason for the dis-
crepancy between the current study and that conducted by Chay et al.
(1983) is not clear. Acommon phenomenon is the detection of additional
compartments as assay sensitivity is improved and the ability to quan-
tify lower and lower concentrations is achieved. In the current study,
even with an increase in sensitivity, visual analysis of ohserved versus
predicted concentration graphs indicated that the AIC and % CV values
clearly demonstrated that the data were best fit by the simpler model.

The half-life (t, fzp) in this study (3.42 £ 0.387 and 3.23 £ 0.407 hrs
for the 4- and 24-hrs exercise groups, respectively) was prolonged
compared to previous reports that ranged from 22.3 min to 1.83 hrs
(Chay et al., 1983; Dirikolu et al., 2003; Roberts et al., 1978). The dis-
crepancy between the studies is likely due to the greater sensitivity

of the analytical assay developed for the current study that allowed
for quantitation of drug concentrations for up to 24-36 hrs postdrug
administration. Increased sensitivity, allowing for detection of lower
concentrations, decreases the amount of extrapolation of the terminal
portion of the plasma concentration curve, and therefore, increasing
the accuracy of the estimate. The systemic clearance and volume of
distribution at steady-state were similar to those reported previously
(Cl: 0.385 - 0.642 L/hr/kg; V. : 0.164-0.363 L/kg) (Chay et al., 1983;
Dirikolu et al., 2003; Dyke et al., 1996).

Exercise has been shown to have an effect on the pharmacoki-
netics of certain drugs (Dyke, Sams, & Hinchcliff, 1985, 1998; Powis
& Snow, 1978; Ylitalo, 1991). Therefore, in the current study, we also
sought to determine if serum concentrations and pharmacokinetic
parameters were altered if horses were exercised at 4 hrs postadmin-
istration compared to 24 hrs. Dyke et al. (19%6)evaluated the effects
on the pharmacokinetics of furosemide of submaximal exercise con-
sisting of a 60-min run on an inclined (6°) treadmill at a speed that
would maintain a steady-state heart rate of 65% of maximal heart rate.
The investigators concluded that prolonged submaximal exercise did

TABLE 3 Urine specific gravity, total protein and furosemide urine concentrations (mean * 5D) following IV administration of 250 mg of
Salix® to eight exercised Thoroughbred horses, 4 and 24 hrs prior to strenuous exercise

=

0 ND 1.027 £+ 0.005 3.81+£1.04 ND 1.025 + 0.003 3.27 £ 0.60

6936 + 6794 1.021+0.006 2.61+099 3034 + 1770 1,021+ 0002 271+039
24 67.7 £ 36.0 1.035 + 0.003 5.49 £ 0.65 459 + 16.7 1.035 £ 0.003 5.42+0.82
48 1401£239 1,029 £0.004 4094079 216%045 1.028 +0.003 3884073
72 ND 1.026 1_0004 _3.63 +0.79 1.029 £ 0.003 428+1.26

077 £0.26

Bold text indicates urine specific gravity and total protein values that correspond with immediate postexercise sample.
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not influence plasma concentrations or the pharmacokinetics of fu-
rosemide (Dyke et al., 1996). However, as acute bouts of strenuous
exercise, such as racing, induce different physiological responses, the
effects of this type of exercise on furosemide pharmacokinetics may
be different from that observed with submaximal exercise (Dyke et al.,
1996). In the presently reported study, there were no statistically sig-
nificant differences in serum concentrations, systemic clearance or the
elimination t,,, between horses exercised at 4 and 24 hrs postdrug
administration. Because horses were exercised after drug distribution
was complete (t,,, of 0.339 and 0.193 hr for 4- and 24-hr exercise
groups, respectively), if exercise affected distribution, it likely would
not have been detected in the current study.

As a diuretic agent, administration of furosemide is associated with
water loss, which can affect the volume of distribution. In the current
study, in an attempt to mimic practices on the racetrack, water was
withheld for 4 hrs prior to exercise. It is commonplace to restrict water
intake so as not to replace that lost due to furosemide-induced diuresis.
Replacement of the lost water could increase plasma volume, thereby
increasing pulmonary vascular pressure. It is important to note, how-
ever, that diuresis coupled with water restriction could also potentially
impact drug distribution. In the current study, horses receiving furose-
mide 4 hrs prior to exercise had water withheld immediately upon drug
administration, while small amounts of maintenance water were pro-
vided until 4 hrs prior to exercise in the 24-hrs group. The steady-state
volume of distribution and volume of the central compartment were
not different between the groups. Furthermore, the volume of distribu-
tion in the current study was in agreement with that reported in other
studies where water was not withheld following furosemide admin-
istration (Chay et al., 1983; Dirikolu et al., 2003), suggesting that the
magnitude of water loss was not sufficient to affect drug distribution.

The current study describes serum concentrations and the phar-
macokinetics of furosemide following administration at 4 and 24 hrs
prior to exercise. Previously, furosemide concentrations have only
been described for 8 hrs postdrug administration. In the study re-
ported here, the development of a more sensitive analytical assay than
has been previously reported allowed for quantitation of furosemide in
serum samples for 24 hrs in all horses and 36 hrs in four horses (three
in the 4-hrs and one in the 24-hrs groups) postdrug administration.
It is important to note that in many racing jurisdictions, regulation of
furosemide 4 hours prior to race is based on a combination of serum
concentrations (>100 ng/ml) and urine specific gravity (<1.010). The
results of this study suggest that this regulatory approach would no
longer be applicable if a 24-hrs furosemide restriction was to be im-
plemented as urine specific gravity does not appear to be a relevant
marker 24 hrs postfurosemide administration. Additionally, serum
concentrations and systemic clearance were not different between
horses exercised at 4 and 24 hrs postfurosemide administration.
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Lasix Study Backs Four-Hour Administration
Time

A study that has some potential to reshape the timing of Salix administration ahead of racing determined that
the current four-hour timeframe is more effective than administering 24 hours out in reducing the severity of
exercise-induced pulmonary hemorrhage.

The study, led by Dr. Heather Knych, was one of two studies on Salix (furosemide, commonly referred to as
Lasix) with results outlined at the American Association of Equine Practitioners convention in late
November. The other study, led by Dr. Warwick Bayly, found some potential for a low dosage of Salix 24
hours out combined with controlled access to water in reducing EIPH in racing.

The Paulick Report first posted a story on the results of both studies Jan. 30.

According to the AAEP's 2017 Convention Proceedings document, the study by Dr. Knych of the Ken L.
Maddy Equine Analytical Chemistry Laboratory looked at the efficacy of administering Lasix 24 hours out,
instead of the current four hours out called for in racing's model rules. The study concluded that
administering furosemide four hours before a race was more effective in reducing the severity of EIPH than
going to 24 hours out.

The Knych study saw 15 Thoroughbreds administered furosemide either four or 24 hours prior to a five-
furlong simulated race. Blood samples were collected before and after the simulated race for determination of
furosemide, lactate, hemoglobin, and electrolyte concentrations.

One hour after the race, an endoscopic exam and bronchoalveolar lavage (BAL) was performed. Horses were
assigned an EIPH score based on previously published criteria. The number of red blood cells in in BAL fluid
was also determined.

“There was a statistically significant difference in EIPH scores between the four-hour and 24-hour furosemide
administrations," the study determined. The study noted that none of the treatments prevented EIPH in the
horses but that reducted red blood cell counts in bronchoalveolar fluid post-race indicated that administering
furesomide four hours before a race was the most effective.

According to its introduction, the study came together following anecdotal reports that suggested furosemide
administration 24 hours prior to strenuous exercise could be equally effective at decreasing EIPH.

The United States is one of the few countries that allows the raceday administration of Lasix. A study
showing efficacy in preventing EIPH at 24 hours or beyond had potential to reshape current raceday policy of
administration four hours before the race.

In the study led by Bayly, it was determined that a 0.5 mg/kg administration of furosemide 24 hours before
strenuous exercise combined with controlled access to water shows potential for reducing the severity of
EIPH.

The study used six horses who underwent treadmill exercise to fatigue after seven different protocols that

https://www.bloodhorse.com/horse-racing/articles/225882/lasix-study-backs-four-hour-administration-time/print Page 10of 2
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adjusted the dosage amount of the Lasix and timing of the administration. The study concluded that,
"Furosemide, 0.5 mg/kg, combined with controlled access to water, significantly reduced the severity of
EIPH," adding that, "No ill effects were detected in the horses."

In its AAEP presentation outline, the study noted that "Although the findings were promising, the number of
horses used was small. The effects of furosemide on water and ion excretion were evident for 24 hours but
did not adversely affect the horses, likely because of increased absorption of wager and ions from the colon."

In September 2015, Grayson Jockey Club Foundation announced it had launched funding of the two projects.
The AAEP also played a prominent role in funding the projects, along with a number of racetracks.
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Study Narrows Focus on How Furosemide Works

A recently published study in Comparative Exercise Physiology found a relationship between the
administration of the medication furosemide, used to prevent exercise-induced pulmonary hemorrhage, and
an enzyme that affects the pressure within the blood vessels in a horse's lungs.

The relationship potentially points toward new avenues to explore regarding the treatment of EIPH in
Thoroughbred racehorses.

The study, conducted at Gdvea Racecourse in Rio de Janeiro, Brazil, analyzed post-race blood samples from
73 horses over eight race days. Of the 73 horses, 47 had been treated with 250 mg of furosemide before their
race and 26 were not medicated.

These samples were then tested for levels of angiotensin converting enzyme (ACE), a potent vasoconstrictor
that when active contributes to higher blood pressure. Several studies have affirmed furosemide's
effectiveness in reducing incidences of EIPH, but how the diuretic drug actually works is still unknown. This
study showed ACE activity was significantly reduced in the horses that had been treated with furosemide.

"Multiple regression analysis demonstrated that pre-race furosemide significantly influenced ACE activity

post-race, while distance raced, temperature, humidity, and hematocrit did not," the study concluded. "This is
a novel finding which might impact on the search for the exact implications of furosemide use, and its effects
on physiology and performance of Thoroughbred racehorses utilizing loop diuretics as treatments for EIPH."

The horses used in this study were already stabled at Gdvea and the treated horses were part of the racetrack's
established protocol on managing EIPH. At Gdvea, a horse is entitled to pre-race furosemide if an official
racetrack veterinarian has documented a bleeding episode through tracheobronchoscopy exam. A registered
bleeder can receive furosemide four hours prior to post time and must continue to receive treatment for every
race within 90 days from diagnosis. Horses that are younger than 3 1/2 years old are not allowed to receive
pre-race furosemide, and any medicated horse is prohibited from competing in a group | or group 2 race.

While furosemide has proven to be the most effective method of reducing EIPH, the medication still does not
entirely prevent its occurrence. In the Gavea study, 36.2% of the non-medicated horses showed some degree
of post-race bleeding compared with 76.9% of the treated horses.

"This study confirms that, although furosemide might reduce EIPH severity after a single bout of exercise, it
does not abolish or reduce its occurrence," wrote the study's authors. "This conclusion does not argue against
the use of furosemide as a treatment for control of EIPH, but indicates the continuing need for better
alternatives to limit the progressive and deleterious effects of repeated episodes of EIPH on the lungs of
horses, and that further research into the possible role of renin-angiotensin aldosterone system components
(like ACE) in developing new treatments is needed."

The study was published by Dr. Maria Fernanda de Mello Costa, Dr. Fernanda Aparecida Ronchi, Dr.

Yoonsuh Jung, Dr. A. Ivanow, Dr. Juliana Braga, Dr. M.T. Ramos, Dr. Dulce Elena Casarini; and Dr. Ronald
F. Slocombe.

https://www.bloodhorse.com/horse-racing/articles/228023/study-narrows-focus-on-how-furosemide-works/print Page 10f1



ACE activity post-race is influenced by furosemide administration | Comparative Exercise Physiology 6/26/18, 9:08 AM

Sign in | Register |

W

Home  Books Journals Authors Librarians Lecturers Conferences News

Enter words / phrases / DOI / ISBN / authors / keywords / etc. | Anyetiere | Search | Advanced search

Home > Comparative Exercise Physiology > List of Issues > Vol. 14, No. 2 > ACE activity post-race is influenced by furosemide administration

About Issues Editorial Pricing Submissions Partnerships Agenda Recommend

< Previous Next >

RESEARCH ARTICLE

ACE activity post-race is influenced by furosemide administration
M.F. De Mello Costa  , FA.Ronchi  ,J. Yoonsuh ,A.lvanow ,JV.Braga ,M.T Ramos ,D.E.

Casarini  , R.F. Slocombe
'Corra;ponding author: equipecentaurovet@hotmail.com

Comparative Exercise Physiclogy: 14 (2) - Pages: 119 - 125

Buy this article

https://doi.org/10.3920/CEP170032

Published Online: March 15, 2018

Abstract References PDF

Abstract

Exercise induced pulmonary haemorrhage (EIPH) affecting racehorses continues to raise questions regarding
animal welfare and to-date no effective treatment has been identified. The mode of action of furosemide on
EIPH, the only medication for the condition accepted in some racing jurisdictions, has not been completely
elucidated. This research investigated the interaction between furosemide on angiotensin converting enzyme
(ACE) as a potential pathway for future investigation of EIPH treatment options in a prospective case-control
analytical study. ACE is a potent vasoconstrictor and substances reducing its activity could potentially
contribute to decreasing blood pressure and EIPH. Horses racing on 8 official race days at Gavea Racetrack,
Brazil had respiratory endoscopy data and blood samples collected after the race and were grouped into
furosemide medicated and non-furosemide medicated horses. ACE measurement was conducted using
flucrescence in a previously validated method. Environmental, race and haematological data were also
recorded. A multiple regression model was used to analyse the data collected, with further analysis including
Fisher's exact test and Pearson's chi-squared test with Yates' continuity correction; a Welch two sample t-test
and a simple linear regression model. 73 horses were included in the study. ACE activity between horses not
medicated and medicated with furosemide was significantly different. Pre-race furosemide significantly
influenced ACE activity post-race, while distance raced, temperature, humidity, and haematocrit did not.
Horses medicated with pre-race furosemide still demonstrated some degree of bleeding after the race and
were at higher risk of presenting EIPH than non-medicated horses. Horses medicated with furosemide have
lower circulating ACE activity which might indicate a protective effect of furosemide. Furosemide might
reduce EIPH severity after a single bout of exercise, but it does not abolish or reduce its occurrence.

Keywords: horse, exercise induced pulmonary haemorrhage, biomarkers
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