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Acute laminitis can be a devastating consequence of systemic diseases such as severe
colitis, proximal enteritis and metritis. Prophylactic therapies based on enhancing
digital perfusion during the developmental phase of laminitis have resulted in only
limited efficacy. Recent insights into the pathophysiology of acute laminitis have lead
to the evaluation of cryotherapy for prevention of the disease. Experimental evidence
demonstrates that the equine digit is particularly resilient with respect to the potentially
detrimental effects of prolonged, extreme cold. Continuous distal limb cryotherapy
during the developmental phase was effective in markedly reducing the severity of
laminitis in an experimental model, and limited preliminary data suggests a similar
effect in clinical cases of colitis. The mechanisms by which cryotherapy may prevent
laminitis are unclear. Potent vasoconstriction of the digital circulation could prevent the
delivery of systemic “trigger factors” to the digit. A cold-induced potent hypometabolic
state within the laminar tissue may protect the laminae from damage regardless of the
pathophysiological insult. The authors advocate the continuous application of cryother-
apy to the distal limbs of clinical cases that are at high risk of developing acute
laminitis. There is currently no evidence to support the use of cryotherapy in horses
with preexisting acute laminitis.
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cute laminitis is a common and frustrating sequel to a

myriad of systemic diseases in the horse. Frequently, the
development of laminitis occurs despite successful treatment
and resolution of the primary disease, rendering the horse
useless for its intended purpose or necessitating euthanasia.
Although the practitioner may be aware that a horse is at high
risk of developing acute laminitis, an effective strategy for
prevention is lacking.

Division among clinicians and researchers as to the
pathogenesis of acute laminitis has resulted in opposing
recommendations for prevention and treatment. The tra-
ditional pathophysiological theory of lamellar ischemia
and necrosis has spawned several preventive and thera-
peutic strategies aimed at enhancing sublamellar perfu-
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sion during the developmental and acute phases of
laminitis.! These strategies have been associated with only
limited efficacy. More recently, the pathophysiological
theory based on enzymatic degradation of lamellar attach-
ments? has generated new thought on prevention of the
disease.

Eighteenth century references to the usage of cryotherapy for
the treatment of laminitis have been cited by Wagner.?> Experi-
mental evidence led Pollitt* to suggest cryotherapy as a poten-
tially effective preventive strategy for acute laminitis. Recently,
continuous distal limb cryotherapy has been shown to dramat-
ically limit the severity of acute laminitis in an experimental
carbohydrate overload model.” The authors of the current paper
have also experienced success using cryotherapy in a limited
number of clinical cases of acute colitis.

In this paper we shall review the effects of cryotherapy
on the distal limb and the potential mechanisms by which
it may prevent lamellar damage. Practical methods of cryo-
therapy application will be discussed. Appropriate case
selection for distal limb cryotherapy, as well as the timing
of initiation and duration of application, will be addressed
based on current knowledge.
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What Is Cryotherapy?

Cryotherapy can be simply defined as the therapeutic cooling
of tissue. However, the term cryotherapy encompasses every-
thing from the application of ice to musculoskeletal injuries
for first aid or rehabilitation, to cryosurgical destruction of
neoplastic lesions using liquid nitrogen.® Cryotherapy can be
intermittent or continuous, and can be applied to the whole
body or a specific anatomical region. This article will concen-
trate on the continuous application of cold (0-5°C) to the
equine distal limb for the purpose of preventing acute lami-
nitis.

The Effects of
Cryotherapy on Tissue

The physiological mechanisms and subsequent effects of
cryotherapy are complex and poorly understood. The litera-
ture can be confusing and contradictory, particularly with
respect to the vascular effects of cryotherapy. Basically, the
application of cold to living tissue results in three major local
effects: analgesia, hypometabolism and a vascular response.”
Cold has a direct effect on peripheral nerves, reducing the
conduction velocity, increasing the threshold for stimulation
and increasing the refractory period after stimulation.® Addi-
tionally, cold may also act as a counter irritant or may have a
suppressive effect on peripheral sensory nerve endings.® The
sensitivity of peripheral nerves to cold depends largely on
fiber diameter and myelination,” and varies between species.®

The profound hypometabolic effect of cryotherapy is now
considered to be the most important mechanism by which
cold limits the severity of an injury.'® Tissue metabolic rate
and oxygen consumption are inversely related to tempera-
ture.!! A reduced requirement of cooled tissue for oxygen,
glucose and other metabolites enhances the survival of cells
during periods of ischemia.!® This mechanism is thought to
protect tissue on the periphery of an injury from secondary
hypoxic damage,” and is the basis for the use of cryotherapy
in organ transplant surgery.'?!> A reduction in metabolic
enzymatic activity of approximately 50% has been observed
with a reduction in tissue temperature of 10°C.1* The activity
of collagenases'® and pro-inflammatory cytokines!® is signif-
icantly reduced at lower temperatures.

Cryotherapy causes potent local vasoconstriction.® This is
largely mediated by sympathetic nervous control; however, a
direct constrictive effect on blood vessel walls may occur,
particularly at lower temperatures.!” Periods of transient va-
sodilation (the “hunting reaction”) reportedly may occur
when temperatures are reduced below approximately
18°C.*8 The existence and importance of this phenomenon,
however, have been challenged.!® Such periods of cold-in-
duced vasodilation are thought to be largely due to dilation of
blood vessels in muscle tissue.'®2° A recent study utilizing
direct microcirculatory observation evaluated the effects of
cooling on microvascular perfusion.?! This study demon-
strated marked arteriolar vasoconstriction with local cooling
to 8°C for 30 minutes. A significant reduction in blood flow
velocity was also noted. It is generally accepted that the ap-
plication of cryotherapy results in a marked net reduction in
local perfusion.!?

Adverse effects of cryotherapy are rare but may include
frostbite and nerve palsy.” The temperatures and duration of
exposure required to induce frostbite are unclear.?? Nerve
palsy is a rare complication of cryotherapy in human pa-
tients, and usually involves large superficial nerves.” Tt is
hypothesized that compression (often used in association
with cryotherapy in human patients) may contribute to nerve
palsy in many cases.?? Prolonged exposure to the combina-
tion of cold and moisture has been associated with the devel-
opment of “immersion foot” and “trench foot” in human pa-
tients.?* These conditions cause local swelling and pain that
may progress to blistering of the skin, nerve damage and
gangrene.>* Cryotherapy is contraindicated in human pa-
tients with peripheral vascular diseases such as Raynaud’s
phenomenon because of its potent vasoconstricting effect.®

Cryotherapy in
the Equine Distal Limb

Cryotherapy is commonly used by equine veterinary practi-
tioners, trainers and owners for the treatment of athletic in-
juries. There are, however, few controlled studies evaluating
the effects of cryotherapy in the horse. Worster and
coworkers?® evaluated the effect of immersing the equine
digitin 4°C iced water for 30 minutes. A significant reduction
in soft tissue perfusion was demonstrated scintigraphically in
this study. Turner and coworkers?® evaluated the effect of a
cold gel wrap (4°C) applied for 30 minutes to the metacarpal
region of ten horses. A reduction in surface temperature over
the dorsal metacarpal region was sustained in this study for
3 hours. Another study evaluated the effect of ice water im-
mersion and cold pack application to the equine metacarpal
region for 30 minutes.?” This study demonstrated a profound
and sustained reduction in deep tissue temperature during
iced water immersion (maximum reduction 16.3°C), that
was far superior to cold pack application. All these studies
limited the duration of cryotherapy application to that rec-
ommended in human medicine (30-45 minutes).” Similarly,
general clinical recommendations for the duration and tem-
perature of cryotherapy in horses are also extrapolated from
human medicine.?3° Two recent studies have challenged
these recommendations.?'3? Petrov and coworkers?! used a
commercial cooling and compression splint to cool the meta-
carpal region for 60 minutes. Mean temperature within the
superficial digital flexor tendon core was markedly and con-
sistently reduced in the treated limbs, measuring 10.4 =
3.7°C at the cessation of cooling. No adverse clinical effects
were noted in the 24-hour observation period following
cryotherapy in this study. The same study found no reduc-
tion in the viability of tendon cells cooled to 10°C for
60 minutes in vitro. Pollitt and van Eps* evaluated the effect
of distal limb cryotherapy continuously applied for 48 hours.
An ice and water slurry, applied to a level just above the
fetlock, was used to cool one forelimb of each horse. The
mean temperature of the cooled forelimbs, measured using
probes inserted 7 mm deep in the hoof wall, averaged 5.3 =
0.3°C for 46 hours after an initial stabilization period of
2 hours. A marked reduction (27.1 %= 0.3°C) in treated limb
hoof temperature compared with the untreated limbs was
noted in this study. No adverse clinical effects were noted in
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Table 1 The Potential Mechanisms by Which Continuous Distal Limb Cryotherapy May Prevent Acute Laminitis

Pathophysiological Mechanisms Implicated in
the Development of Laminitis

Potential Beneficial Effect of Cryotherapy

Delivery of “laminitis trigger factors” to the digit via the
circulation

Production and activation of excess lamellar matrix
metalloproteinases (MMPs)

Enzymatic degradation of lamellar attachments by MMPs

Local production and activity of pro-inflammatory
cytokines (TNF-a and IL1-3)

Inflammatory damage caused by infiltration of
polymorphonuclear leukocytes (PMNs)

Digital hypoperfusion resulting in lamellar ischaemia

Reduced cellular glucose availability

Profound vasoconstriction limits the delivery of
haematogenous “trigger factors” to the digit

Profound hypometabolism reduces the production and
activation of lamellar MMPs

Profound inhibition of enzymatic activity through
hypometabolism

Hypometabolic effect reduces the production and activity
of cytokines

Vasoconstriction and hypometabolism reduce the delivery
and activity of PMNs

Profound hypometabolic effect protects lamellar tissue
from ischaemic damage

Profound hypometabolic effect reduces lamellar
requirement for energy substrates

the cooled limbs up to 1 year following cessation of the cryo-
therapy. Cold-induced pain, observed in human patients
when cryotherapy was applied at 5°C for 48 hours,** was not
noted in this study.

It is clear that the equine distal limb is uniquely resilient to
the effects of extreme, continuous cold application. There are
no reports of cold-induced edema, swelling or pain in any
study on distal limb cryotherapy in the horse, nor are there
any reports in the literature of complications directly related
to the clinical application of cryotherapy in horses. Addition-
ally, horses show no signs of adverse effects in climates where
their distal limbs are continuously immersed in snow (C.C.
Pollitt, unpublished data). The phenomenon of reflex inter-
mittent vasodilation (hunting reaction) has not been docu-
mented during the local application of cryotherapy to the
equine distal limb. The lack of skeletal muscle tissue in the
equine distal limb may explain the absence of reflex vasodi-
lation in response to local cryotherapy. Additionally, the ab-
sence of subcutaneous fat or muscle tissue enables profound
and efficient cooling of deeper structures, including the la-
mellar tissues.*?

Cryotherapy:
Potential Mechanisms for
Preventing Lamellar Damage

The pathogenesis of acute laminitis is currently a subject of
dispute. The diverse effects of cryotherapy, however, have
the potential to interrupt many of the pathophysiological
mechanisms that have been hypothesized to occur during the
developmental and acute phases of the disease. A summary is
presented in Table 1.

Enzymatic degradation of lamellar attachments by matrix
metalloproteinases (MMPs) forms the basis of one pathophysi-
ological theory for developmental laminitis. It is hypothesized
that the inappropriate release of excess, activated MMPs is me-
diated by “laminitis trigger factors” delivered to the foot via the
digital circulation during developmental laminitis.> The delivery
of these trigger factors, which may include cytokines* or bacte-
rial products of hindgut origin,** could be limited by cold-in-
duced digital vasoconstriction during the developmental phase
of laminitis. This was the basis for initial recommendations to

evaluate the use of cryotherapy for the prevention of laminitis.*
The potent local hypometabolic effect of cryotherapy, however,
may outweigh any effect on the digital vasculature. A cold-in-
duced reduction in the local production and activity of MMPs
would limit degradation of the lamellar attachments. A digital
hypometabolic state would also limit the local production and
activity of pro-inflammatory cytokines, such as interleukin-13
and tumor necrosis factor-a, during the developmental stage of
laminitis. Cryotherapy could also limit secondary inflammatory
damage caused by polymorphonuclear leukocyte infiltration.*
Similar mechanisms are believed to be the basis for the efficacy
of scalp cryotherapy in preventing alopecia in cancer patients
undergoing chemotherapy.®® Vasoconstriction apparently re-
duces delivery of the chemotherapeutic agent to the scalp, and
cellular uptake and metabolism are reduced when residual drug
reaches the hair follicles.?”-%®

The alternate pathophysiological theory for laminitis pro-
poses that digital hypoperfusion during the developmental stage
leads to lamellar ischemia and necrosis.>® Profound, cold-in-
duced vasoconstriction would seem contraindicated if digital
hypoperfusion was the primary mechanism behind the devel-
opment of laminitis. However, despite a reduction in digital
perfusion, the hypometabolic effect of cryotherapy could pro-
tect the lamellar tissue from ischemic damage. Similarly, a pro-
found cold-induced reduction in metabolism could protect the
lamellar tissue from a lack of glucose (proposed as an initiator of
lamellar separation in one study).*

Until the true pathophysiology of laminitis is discovered,
the apparent resilience of the equine distal limb to prolonged,
extreme cold may hold the key to successfully preventing the
disease. Continuous distal limb cryotherapy during the de-
velopmental stage of laminitis has the potential to preserve
the lamellar tissue until the systemic insult has abated.

The Efficacy

of Continuous Distal

Limb Cryotherapy for the
Prevention of Acute Laminitis

Experimental Data

Currently available are the results of only one controlled
study on the efficacy of cryotherapy for the prevention of
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laminitis.” Laminitis was induced in six horses using a carbo-
hydrate overload model. Each horse had one forelimb im-
mersed in ice and water (mean temperature 0.5 = 1.7°C) for
the entire 48 hour experimental period, achieving a mean
internal hoof temperature of 3.5 = 0.9°C. All horses devel-
oped mild to severe clinical and histological laminitis in one
or more of the untreated limbs. The cooled limbs did not
develop clinical laminitis and had significantly reduced la-
mellar histological damage. In 2 of the 6 horses lamellar
histology in the cooled limbs was normal, and in the remain-
ing 4 horses the histopathology was less than that required
for categorization as “mild.” The study also showed signifi-
cantly reduced up-regulation of lamellar matrix metallopro-
teinase-2 (MMP-2) mRNA in the cooled limbs when com-
pared with the untreated limbs; however the levels were
significantly higher than that detected in normal lamellar
tissue. Although cryotherapy markedly reduced the severity
of laminitis in this study it did not completely prevent minor
histological changes in 4 of the 6 horses. Additionally, it is
unclear whether laminitis could have developed following
cessation of cryotherapy at 48 hours, as the horses were eu-
thanized at that time. Cryotherapy was instigated immedi-
ately following administration of the carbohydrate induction
bolusin this study. In a clinical case of grain overload or acute
colitis such prompt initiation of cryotherapy may not be pos-
sible. It is unclear from this study whether such a potent
prophylactic effect would occur if cryotherapy was initiated
later in the course of the disease. Despite its limitations, this
study demonstrates the potential of cryotherapy for the pre-
vention of laminitis, and justifies further experimental and
clinical evaluation of the technique.

Clinical Data

Anecdotal evidence of the successful use of cryotherapy to
prevent acute laminitis has surfaced following the initial ev-
idence-based recommendations for its use.* The authors of
the current paper have trialled continuous distal limb cryo-
therapy for the prevention of laminitis in 7 cases of acute
colitis (5 Thoroughbred geldings, 1 Thoroughbred colt and 1
Arab mare). All cases presented with pyrexia (>39.5°C), pro-
fuse watery diarrhea and signs of endotoxaemia and circula-
tory shock (injected mucous membranes with poor capillary
refill time, tachycardia, tachypnoea and depression). Only
one horse had signs of laminitis before the initiation of cryo-
therapy. This horse had increased intensity of digital pulses
in all four limbs, though lameness was not obvious. All cases
were placed into a plastic tub with a rubber floor. Shoes, if
present, were not removed. Water, then cubed ice, was
added to the tub to submerge the fore and hind limbs. The
level of ice and water was maintained at the upper third of the
cannon bones (approximately 10 cm below the “point” of the
accessory carpal bone). Approximately 100 kg of cubed ice
was required to cool the water initially. Subsequently, 50 kg
of ice was added at 4- to 8-hour intervals to maintain the
temperature within the bath at less than 5°C. All horses were
treated (while in the cold bath) with intravenous polyionic
fluids and plasma, antibiotics, nonsteroidal antiinflammatory
drugs and activated charcoal and paraffin oil by nasogastric
tube. Lucerne hay and water were provided ad libitum. The
cases were monitored constantly and remained in the cold

bath for a minimum of 72 hours (Fig. 1C). All horses toler-
ated the cold bath well, without attempting to escape. The
decision to remove the horses from the cold bath after the
72-hour period was based on resolution of clinical signs.
Each horse was removed when the rectal temperature stabi-
lized below 38.5°C, the manure was formed, and the mucous
membranes returned to normal color. Five of the horses were
removed at, or shortly after, 72 hours. The remaining
2 horses were removed from the bath at approximately
96 hours. None of the horses were lame on removal from the
cold bath; however, all had increased intensity of digital
pulses in all four limbs for the ensuing 24 hours. Variable
distal limb edema was also present. The horse that had signs
of ensuing laminitis before commencement of cryotherapy
became mildly lame (Obel grade 2)*' between 12 and
24 hours after removal from the cold bath. The lameness
improved over the subsequent 10 days of hospitalization and
radiographs of this horse revealed no displacement of the
distal phalanx within the hoof capsule. The remaining 6
horses were sound throughout the hospitalization period,
and no lameness was detected on subsequent re-examina-
tions 4 to 6 weeks later. All horses have returned to athletic
activity, reportedly at previous levels. At the time of publica-
tion, three of the Thoroughbred horses have won metropol-
itan races since discharge.

After examination of hospital records, the authors estimate
the incidence of acute laminitis in previous similar cases of
acute colitis (that were not treated with cryotherapy) to be 40
to 50%. One of the treated cases mentioned did develop mild
laminitis. This horse had signs of laminitis before commence-
ment of cryotherapy. It is unclear whether cryotherapy may
have reduced the severity, had no effect, or had a deleterious
effect on the development of laminitis in this case. Although
these are very limited numbers, the authors believe the pro-
phylactic use of continuous distal limb cryotherapy in similar
cases at risk of developing laminitis is worthy of further clin-
ical evaluation.

Current Recommendations

Case Selection

Any horse that is at immediate risk of developing acute lami-
nitis is an appropriate candidate for continuous distal limb
cryotherapy. Deciding which cases are at immediate risk of
developing acute laminitis is largely a matter of clinical expe-
rience. Primary diseases known to predispose horses to acute
laminitis include colitis, proximal enteritis, metritis, pleuro-
pneumonia, myositis, peritonitis, equine monocytic ehrli-
chiosis and complicated colic.3%%2-% Horses with known ex-
posure to Black walnut wood shavings, horses known to have
ingested excess carbohydrate, and horses with known access
to hay/pasture containing the toxic plant Hoary alyssum
(Berteroa incana)*’ should be considered to be at high risk of
developing acute laminitis. These horses are also appropriate
candidates for prophylactic distal limb cryotherapy.

Timing and Duration

The target period for distal limb cryotherapy is the develop-
mental phase of laminitis. This has been defined as the period
between the initial causative insult and the first appearance of
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Figure 1 Methods of distal limb cryotherapy application. Freestanding (A) and fixed (B) boots for ice and water
immersion. These devices are extremely difficult to apply to the hind limbs. A tub, filled with ice and water to a level
just distal to the carpus, is the most practical means of cryotherapy application to all four limbs in the authors’
experience (C). This clinical case of acute colitis remained in the cold bath constantly for 72 hours and did not develop
acute laminitis.

acute lameness identifiable as laminitis.*® The duration of the
developmental phase is highly variable. In experimentally
induced cases of carbohydrate overload, the developmental
phase appears to last between 20 and 72 hours, with an
average duration of approximately 40 hours. A similar dura-
tion appears to exist in clinical cases of acute bacterial colitis.
The developmental phase appears to be much shorter (=24
hours) in cases of Hoary alyssum poisoning* and equine

monocytic ehrlichiosis.* A longer and more variable dura-
tion may exist in association with other diseases such as pleu-
ropneumonia. It is currently impossible to accurately predict
the development of laminitis in individual cases, and there-
fore it is impossible to determine that a horse is within the
developmental phase of laminitis. Initiation of cryotherapy
must therefore be based on a high probability that a horse is
within the developmental phase of laminitis; ie, the horse has
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no clinical signs of laminitis but is considered at high risk of
imminent development of the disease. There is currently no
evidence to support the initiation of cryotherapy in horses
with preexisting clinical signs of laminitis (horses that have
progressed to the acute phase of laminitis).

Ideally cryotherapy should be applied for the entire dura-
tion of the developmental phase of laminitis. The maximum
duration of the developmental phase in experimentally in-
duced cases of carbohydrate overload appears to be 72 hours;
ie, horses that do not have acute laminitis by 72 hours after
administration of carbohydrate do not develop the disease.
This can be used as a guide for the duration of cryotherapy
application in clinical cases of carbohydrate overload. As
stated previously, the duration of the developmental phase
can be variable in association with other primary diseases.
Resolution of the primary disease may be used as an indicator
for timing the cessation of cryotherapy in individual cases.
Although no direct link between endotoxin and laminitis has
been established, clinical signs of endotoxaemia usually ac-
company clinical and experimentally-induced cases of acute
laminitis.”® Abatement of clinical and laboratory signs of en-
dotoxaemia can be used as a marker for cessation of distal
limb cryotherapy in many cases. We suggest the continuation
of cryotherapy for approximately 12 hours after the signs of
endotoxaemia have ameliorated. The authors have main-
tained continuous distal-limb cryotherapy for a maximum of
96 hours without apparent complications; however we cur-
rently have no experience with durations longer than this.
We do not suggest the intermittent use of cryotherapy to
prevent laminitis. Vasodilation is thought to be a feature of
intermittent cryotherapy,'® and could potentially be detri-
mental.

The authors have noted profound reflex vasodilation in
experimental and clinical cases after cessation of cryotherapy.
This is manifest as an increase in the amplitude of digital
pulses and warming of the feet. The phenomenon lasts be-
tween 12 and 24 hour after removal of cryotherapy and could
be confused with the onset of acute laminitis. Horses should
be closely monitored during this period for the development
of lameness typical of acute laminitis. Acute laminitis should
be appropriately treated using conventional therapy.

Application Methods

Any means by which the distal limbs can be continually
exposed to temperatures of O to 5°C is acceptable. The cool-
ing method should include the hoof and its solar surface. We
suggest cooling the limb up to the proximal metacarpal/meta-
tarsal region, as this appears to result in more effective cool-
ing of the lamellar region.” Ice and water immersion is effec-
tive, practical and inexpensive. Commercial cryotherapy cuff
devices could be modified to include the hoof, though this is
practically difficult. These devices are usually designed for
compression as well as cooling. The effects of prolonged
compression on the equine distal limb are currently un-
known. The authors have had experience with a range of
boots and tubs for ice and water immersion (Fig. 1A-C). We
have found that the use of a tub, 200 cm long, 80 cm wide
and 50 ¢cm high, most practical for prolonged, continuous
application of cryotherapy to all four limbs. A water-tight
door at one end for ease of access, and a rubber floor are

suggested. Temporary or permanent stocks, together with
cross-tying the head may assist in keeping the horse station-
ary. A refrigerated pump, recirculating water at around 2°C,
can reduce or replace the requirement for ice. Overall, vigi-
lance should be exercised to maintain immersion tempera-
tures below 5°C to maximize the protective effect.

Conclusion

Continuous distal limb cryotherapy shows considerable
promise as a technique for preventing acute laminitis. There
is, however, an obvious requirement for further research in
this area as current experimental and clinical data are very
limited. A trial evaluating the efficacy of cryotherapy applied
to all four limbs during the developmental phase of experi-
mentally induced laminitis is underway in the primary au-
thor’s laboratory. Horses in this experiment will be evaluated
at extended periods after cessation of cryotherapy to establish
that the onset of laminitis is not simply delayed. The authors
will continue to evaluate cryotherapy in clinical cases at risk
of developing laminitis, and welcome correspondence from
others engaged in similar pursuits.

Currently the most challenging aspect of cryotherapy in
the clinical situation is the identification of cases that will
develop laminitis, and subsequently deciding when to initi-
ate and cease cryotherapy in these cases. A biological marker
to identify horses at imminent risk of developing laminitis is
needed. Such a marker would define the clinically silent de-
velopmental phase of laminitis in individual cases, and
greatly improve the potential for prevention of the acute dis-
ease. Undoubtedly genetic markers exist for the early identi-
fication of horses developing laminitis. Up-regulation of
MMP-2 mRNA early in the acute phase of laminitis has been
demonstrated in lamellar tissue.”! If this process begins dur-
ing the developmental phase of laminitis, particularly within
the blood, skin, ergot or chestnut tissue, a diagnostic poten-
tial exists.

The eventual discovery of the exact pathophysiology of
laminitis will surely lead to effective and direct methods of
prevention and therapy. In the meantime, the apparent resil-
ience of the equine distal limb to prolonged, extreme cold
may hold the key to successfully preventing the disease.

Acknowledgments

The authors are grateful for continuing financial support
from the Rural Industries Research and Development Corpo-
ration (RIRDC) of Australia, and the Animal Health Founda-
tion of Missouri, USA.

References

1. Brumbaugh GW, Sumano Lopez H, Hoyas Sepulveda ML: The phar-
macologic basis for the treatment of developmental and acute laminitis.
Vet Clin North Am Equine Pract 15:345-362, 1999

2. Pollitt CC: Equine laminitis: A revised pathophysiology. Proceedings of
the 45th Annual Convention of the American Association of Equine
Practitioners, Albuquerque, New Mexico, pp 188-192, 1999

3. Wagner IP, Heymering H: Historical perspectives on laminitis. Vet Clin
North Am Equine Pract 15:295-309, 1999

4. Pollitt CC: Equine laminitis: Current concepts of inner hoof wall anat-
omy, physiology and pathophysiology, in Large Animal Proceedings of
the Ninth Annual American College of Veterinary Surgeons Sympo-
sium, San Francisco, pp 175-180, 1999



70

A.W. van Eps et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

van Eps AW, Pollitt CC: Equine laminitis: Cryotherapy reduces the
severity of the acute lesion. Equine Vet J 36:255-260, 2004

Knight KL: The what and why of cryotherapy, in Knight KL (ed):
Cryotherapy in Sport Injury Management. Champaign, IL, Human Ki-
netics, 1995, pp 3-18

Swenson C, Sward L, Karlsson J: Cryotherapy in sports medicine.
Scand J Med Sci Sports 6:193-200, 1996

Lehmann JF, de Lateur BJ: Cryotherapy, in Lehmann JF (ed): Thera-
peutic Heat and Cold. Baltimore, MD, Williams & Wilkins, 1990, pp
590-631

Douglas WW, Malcom JL: The effect of localized cooling on mamma-
lian muscle spindles. J Physiol 130:53-71, 1955

Knight KL: Metabolism and inflammation, in Knight KL (ed): Cryother-
apy in Sport Injury Management. Champaign, IL, Human Kinetics,
1995, pp 77-84

Fuhrman GJ, Fuhrman FA: Oxygen consumption of animals and tis-
sues as a function of temperature. ] Gen Physiol 42:715-722, 1959
Griepp RB, Stinson EB, Shumway NE: Profound local hypothermia for
myocardial protection during open-heart surgery. ] Thorac Cardiovasc
Surg 66:731-741, 1973

Simmons RL, Foker JE, Lower RR, et al: Transplantation, in Schwartz
DI, Lilleh RC, Shires GT, et al. (eds): Principles of Surgery (ed 2). St.
Louis, MO, McGraw Hill Book Co., 1974, pp 349-442

Zachariassen KE: Hypothermia and cellular physiology. Arctic Med Res
50:13-17, 1991 (suppl 6)

Harris ED Jr., McCroskery PA: The influence of temperature and fibril
stability on degradation of cartilage collagen by rheumatoid synovial
collagenase. N Engl ] Med 290:1-6, 1974

Westermann S, Vollmar B, Thorlacius H, et al: Surface cooling inhibits
tumor necrosis factor-alpha-induced microvascular perfusion failure,
leukocyte adhesion, and apoptosis in the striated muscle. Surgery 126:
881-889, 1999

Perkins JF, Li MC, Hoffman F, et al: Sudden vasoconstriction in dener-
vated or sympathectomized paws exposed to cold. Am J Physiol 155:
165-178, 1948

Clark RSJ, Hellon RF, Lind AR: Vascular reactions of the human fore-
arm to cold. Clin Sci 17:165-179, 1958

Knight KL: Circulatory effects of therapeutic cold applications, in
Knight KL (ed): Cryotherapy in Sport Injury Management. Champaign,
IL, Human Kinetics, 1995, pp 107-126

Fox R, Wyatt H: Cold-induced vasodilatation in various areas of body
surface of man. J Physiol 162:289-297, 1962

Thorlacius H, Vollmar B, Westermann S, et al: Effects of local cooling
on microvascular hemodynamics and leukocyte adhesion in the stri-
ated muscle of hamsters. ] Trauma 45:715-719, 1998

Knight KL: Problems, precautions, and contraindications in cold ther-
apy, in Knight KL (ed): Cryotherapy in Sport Injury Management.
Champaign, IL, Human Kinetics, 1995, pp 179-194

DeGroot DW, Castellani JW, Williams JO, et al: Epidemiology of U.S.
Army cold weather injuries, 1980-1999. Aviat Space Environ Med
74:564-570, 2003

Ungley CC, Channell GD, Richards RL: The immersion foot syndrome.
1946. Wilderness Environ Med 14:135-141, 2003

Worster AA, Gaughan EM, Hoskinson JJ, et al: Effects of external ther-
mal manipulation on laminar temperature and perfusion scintigraphy
of the equine digit. N Z Vet J 48:111-116, 2000

Turner TA, Wolfsdorf K, Jourdenais J, et al: Effects of heat, cold, bio-
magnets and ultrasound on skin circulation in the horse. Proceedings
of the 37th Annual Convention of the American Association of Equine
Practitioners. San Francisco, CA, pp 249-257, 1992

Kaneps AJ: Tissue temperature response to hot and cold therapy in the
metacarpal region of a horse. Proceedings of the 46th Annual Conven-

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

tion of the American Association of Equine Practitioners. San Antonio,
TX, pp 208-213, 2000

Ivers T: Cryotherapy: An in-depth study. Equine Practice 9:17-19,
1987

Blackwell RB: The use of cryotherapy in equine sports medicine. The
Equine Athlete 4:1-5, 1991

Ramey DW: Cold therapy in the horse. Equine Practice 21:19-21, 1999
Petrov R, MacDonald MH, Tesch AM, et al: Influence of topically ap-
plied cold treatment on core temperature and cell viability in equine
superficial digital flexor tendons. Am ] Vet Res 64:835-844, 2003
Pollitt CC, van Eps AW: Prolonged, continuous distal limb cryotherapy
in the horse. Equine Vet J 36:216-220, 2004

Ohkoshi Y, Ohkoshi M, Nagasaki S, et al: The effect of cryotherapy on
intraarticular temperature and postoperative care after anterior cruciate
ligament reconstruction. Am J Sports Med 27:357-362, 1999
Mungall BA, Kyaw Tanner M, Pollitt CC: In vitro evidence for a bacte-
rial pathogenesis of equine laminitis. Vet Microbiol 79:209-223, 2001
Pollitt CC: Basement membrane pathology: A feature of acute equine
laminitis. Equine Vet ] 28:38-46, 1996

Katsimbri P, Bamias A, Pavlidis N: Prevention of chemotherapy-in-
duced alopecia using an effective scalp cooling system. Eur ] Cancer
36:766-771, 2000

Dean JC, Salmon SE, Griffith KS: Prevention of doxorubicin-induced
hair loss with scalp hypothermia. N Engl J Med 301:1427-1429, 1979
Bulow J, Friberg L, Gaardsting O, et al: Frontal subcutaneous blood
flow, and epi- and subcutaneous temperatures during scalp cooling in
normal man. Scand ] Clin Lab Invest 45:505-508, 1985

Hood DM: The pathophysiology of developmental and acute laminitis.
Vet Clin North Am Equine Pract 15:321-343, 1999

Pass MA, Pollitt S, Pollitt CC: Decreased glucose metabolism causes
separation of hoof lamellae in vitro: A trigger for laminitis? Equine Vet
J Suppl Sept:133-138, 1998

Obel N: Studies of the Histopathology of Acute Laminitis. Almgvist and
Wilcsells Bottrykeri Ab Uppsala (Thesis), 1948

Sloet van Oldruitenborgh Oosterbaan MM: Laminitis in the horse: A
review. Vet Q 21:121-127, 1999

Long MT: Equine monocytic ehrlichiosis, in Robinson NE (ed): Current
Therapy in Equine Medicine (ed 5). St. Louis, MO, Saunders, 2003, pp
74-78

Slater MR, Hood DM, Carter GK: Descriptive epidemiological study of
equine laminitis. Equine Vet J 27:364-367, 1995

Cohen ND, Parson EM, Seahorn TL, et al: Prevalence and factors asso-
ciated with development of laminitis in horses with duodenitis/proxi-
mal jejunitis: 33 cases (1985-1991). J Am Vet Med Assoc 204:250-254,
1994

Cohen ND, Woods AM: Characteristics and risk factors for failure of
horses with acute diarrhea to survive: 122 cases (1990-1996). J Am Vet
Med Assoc 214:382-390, 1999

Rumbeiha WK: Berteroa incana toxicosis, in Robinson NE (ed): Cur-
rent Therapy in Equine Medicine (ed 5). St. Louis, MO, Saunders,
2003, pp 787-788

Hood DM, Grosenbaugh DA, Mostafa MB, et al: The role of vascular
mechanisms in the development of acute equine laminitis. J Vet Intern
Med 7:228-234, 1993

Hovda LR, Rose ML: Hoary Alyssum (Berteroa incana) toxicity in a herd
of broodmare horses. Vet Hum Toxicol 35:39-40, 1993

Fontaine GL, Belknap JK, Allen D, et al: Expression of interleukin-1beta
in the digital laminae of horses in the prodromal stage of experimentally
induced laminitis. Am J Vet Res 62:714-720, 2001

Kyaw-Tanner M, Pollitt CC: Equine laminitis: Increased transcription
of matrix metalloproteinase-2 (MMP-2) occurs during the develop-
mental phase. Equine Vet J 36:221-225, 2004



	Distal Limb Cryotherapy for the Prevention of Acute Laminitis
	What Is Cryotherapy
	The Effects of Cryotherapy on Tissue
	Cryotherapy in the Equine Distal Limb
	Cryotherapy: Potential Mechanisms for Preventing Lamellar Damage
	The Efficacy of Continuous Distal Limb Cryotherapy for the Prevention of Acute Laminitis
	Experimental Data
	Clinical Data

	Current Recommendations
	Case Selection
	Timing and Duration
	Application Methods

	Conclusion
	Acknowledgments
	References


