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Laminitis is a debilitating disease of horses that causes significant morbidity and
mortality. Laminitis lesions are generally considered irreversible, and there is currently
no effective treatment. Prevention of laminitis in horses considered at risk and halting
the progression of acute laminitis are therefore key areas for clinicians to focus their
efforts. Most laminitis cases occur as a result of metabolic disturbances in conjunction
with the consumption of carbohydrate-rich pasture or hay.1 In these cases the
laminitis is often insidiously progressive and episodic, making identification of the
developmental period difficult. Severe, acute laminitis is a common sequel to
numerous primary diseases, including colitis, pneumonia, metritis, and rhabdomyolysis. In these cases, the developmental period is more easily predictable; therefore,
prevention or early interventional treatment may be possible. Digital hypothermia
during the developmental phase has been shown to ameliorate experimentally
induced acute laminitis,2,3 and has recently gained popularity in clinical cases for
the prevention and treatment of acute laminitis.
Distal limb cryotherapy is commonly used in horses, particularly for the treatment of
musculoskeletal injuries, although protocols are largely extrapolated from human
medicine. The equine distal limb is highly resilient in the face of profound continuous
hypothermia,4 providing a unique therapeutic opportunity. The appropriate protocols
aimed at preventing and treating acute laminitis differ significantly from those that are
traditionally used for the treatment of athletic injury. This article reviews the effects of
hypothermia on tissue, and discusses the rationale and suggested protocols for the
usage of distal limb cryotherapy in the prevention and treatment of laminitis based
on current information.
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THE EFFECTS OF HYPOTHERMIA ON TISSUE

The physiologic effects of hypothermia on tissue are complex and still poorly understood. The major effects of hypothermia on most tissues are analgesia, hypometabolism, and a vascular response.5 Cold has a direct effect on the peripheral nerves; it
reduces conduction velocity, increases the threshold for stimulation, and increases
the refractory period after stimulation.6 Hypothermia has a profound inhibitory effect
on tissue metabolism: tissue metabolic rate and oxygen consumption are directly
related to temperature.7 Hypothermia has been best studied in brain tissue for its neuroprotective effects after traumatic and ischemic brain injury.8 Cerebral metabolism
decreases by 6% to 10% for each 1 C decrease in body temperature.9–11 A reduced
requirement of cooled tissue for oxygen, glucose, and other metabolites enhances the
survival of cells during periods of ischemia.12 This mechanism is believed to protect
tissue on the periphery of an injury from secondary hypoxic damage,5 and is also
the basis for the use of cryotherapy in organ transplant surgery.13 Hypothermia
reduces apoptosis, mitochondrial failure, and inflammation after cerebral ischemiareperfusion.8 A reduction in metabolic enzymatic activity of approximately 50% has
been observed with a reduction in tissue temperature of 10 C.14 The activity of collagenases is significantly reduced at lower temperatures.15
Hypothermia exerts a profound anti-inflammatory effect through reduced
production and activity of proinflammatory cytokines (interleukin [IL]-1b, IL-2, IL-6,
and IL-8)16–18; increased production of anti-inflammatory cytokines (IL-10)16,19;
reduced rolling and adhesion of leukocytes20,21; and reduced production of oxygen
radicals by polymorphonuclear leukocytes.22 Cryotherapy has been traditionally
used to reduce inflammation in musculoskeletal injury, particularly after surgery.5,12,23
Recently there has been interest in the profound anti-inflammatory effect of hypothermia on end-organ damage in models of sepsis and systemic inflammatory
response syndrome.16,19,24,25 Preemptive hypothermia (10 C < normal) markedly
reduced the severity of acute lung injury in a rat model of sepsis by reducing neutrophil
emigration, inhibiting proinflammatory cytokine activity, and increasing anti-inflammatory cytokine activity.16 In a subsequent study, less profound hypothermia (5 C
< normal), applied even after the lung was primed with neutrophilic inflammation,
also decreased the severity of acute lung injury, suggesting a therapeutic role for
hypothermia beyond its preventive effect.25
Cryotherapy causes potent local vasoconstriction.26 This is largely mediated by
sympathetic nervous control; however, a direct constrictive effect on blood vessel
walls may occur, particularly at lower temperatures.27 Periods of transient vasodilation
(cold-induced vasodilation [CIVD]) may occur when temperatures are reduced to
below approximately 18 C28 A cyclic pattern of increasing and decreasing blood
flow (the hunting reaction) may be noted.29 CIVD has been studied mostly in the
human hand; however, it has also been noted in the face, forearms, and feet.30 In
the human finger, CIVD seems to occur as a result of dilation of the arteriovenous
anastomoses (AVAs), whereas cold-induced vasoconstriction seems to occur as
a result of constriction of AVAs and the arteries supplying the finger.31 A recent study
using direct microcirculatory observation showed marked arteriolar vasoconstriction
with local cooling to 8 C for 30 minutes.32 It is generally accepted that the application
of cryotherapy results in a marked net reduction in local perfusion.8,33
Profound whole body hypothermia (>10 C below normal) can result in severe side
effects associated with cardiac, endocrine, and metabolic function.8 Hypothermia is
also associated with coagulopathy and increased risk of infection.8 Adverse effects
of locally applied cryotherapy are rare, but may include frostbite and nerve palsy.5,34

Cryotherapy to Prevent and Treat Acute Laminitis

The temperatures and duration of exposure required to induce frostbite are unclear.35
Nerve palsy is a rare complication of cryotherapy in human patients, and usually
involves large superficial nerves.5 Prolonged exposure to the combination of cold
and moisture has been associated with the development of immersion foot and trench
foot in human patients.36 These conditions cause local swelling and pain that may
progress to blistering of the skin, nerve damage, and gangrene.37 Cryotherapy is contraindicated in humans with peripheral vascular diseases, such as Raynaud phenomenon, because of its potent vasoconstricting effect.26
THERAPEUTIC HYPOTHERMIA OF THE EQUINE DISTAL LIMB

Although cryotherapy is commonly used for the treatment and prophylaxis of musculoskeletal injuries in horses, there are few controlled studies evaluating the effects of
cryotherapy on the equine distal limb, and treatment recommendations are largely
based on extrapolation from protocols used in humans.38–40 Distal to the carpus
and tarsus, the limbs of the horse are devoid of muscle and the major blood vessels
are superficial; this is seemingly ideal for inducing deep hypothermia of the foot.
However, the hair coat and hoof provide a barrier to effective conduction of heat
out of the limb. Also, the presence of a rich vascular network within the corium,
including numerous AVAs,37,38 means that rapid increases in net perfusion of the
foot with warm blood can occur.
Numerous modalities are used for distal limb cryotherapy in horses; there are
several commercially available devices for this purpose, although most are suited to
short-term (30–60 minutes) applications. Published studies have used commercial
cold gel wraps and cold cuffs as well as ice water immersion. A cold gel wrap (4 C)
applied for 30 minutes to the metacarpal region of 10 horses resulted in a reduction
in surface temperature over the dorsal metacarpal region that was sustained for 3
hours.41 Another study compared the effects of cold water immersion and coldpack application to the equine metacarpal region for 30 minutes.42 This study showed
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. Continuous cryotherapy for 48 hours using iced-water immersion resulted in
profound cooling of the digit (mean internal hoof temperature 5.3  0.3 C) and was
not associated with adverse clinical effects.4 Further studies have since confirmed
the profound cooling effects of continuous cold-water immersion for 48 hours3 and
72 hours2 on the digit, without apparent deleterious effects.
The application of cold to the equine distal limb generally results in profound vasoconstriction within digit. A scintigraphic study showed a significant reduction in softtissue perfusion when the equine digit was immersed in 4 C iced water for 30
minutes.43 Based on hoof temperature (an indirect measure of digital perfusion),44
digital vasoconstriction also predominates when distal limb cryotherapy is applied
continuously for longer periods.2–4 Intermittent periods of increased internal hoof
temperature (up to 12 C) were noted in some horses during 72 hours of cold-water
immersion.2 These 2- to 4-hour periods of increased hoof temperature occurred 12
to 24 hours apart and often the left and right forelimbs were asynchronous. This
phenomenon is similar to that noted in horses standing in natural environments that
are below freezing (Chris Pollitt, BVSc, PhD, unpublished data, 2000). The increases
in hoof temperature represent transient increases in perfusion, metabolism, or
both,44 and may correspond with periods of hoof growth, or clearance of metabolic
waste products. The phenomenon is dissimilar to CIVD (the hunting reaction), which
involves oscillations over minutes, rather than hours.29 In the human digit it is thought
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to be a protective mechanism against cold-induced injury.30 The hoof temperature
fluctuations observed in the current study might be a variation of those seen in normal
horses kept in climate-controlled environments.45,46
The equine distal limb seems to be resilient to the effects of extreme continuous
hypothermia. There are no reports in the literature of complications directly related
to the clinical application of distal limb cryotherapy in horses. In addition, horses
show no signs of adverse effects in arctic climates where their distal limbs are continuously immersed in snow. Cold-induced pain, observed in human patients when cryotherapy is applied at 5 C or less,23 has not been noted in horse studies. Perhaps the
primary concern associated with profound digital cooling is the potential for damage
to tendons and ligaments of the equine distal limb. Petrov and colleagues47 examined
the effects of hypothermia on equine superficial digital flexor tendon (SDFT) cells in
vitro, and on the core tendon temperature in vivo. The mean core SDFT temperature
after 60 minutes of cooling, using a commercial cooling and compression device (set
at 3 C), was 10.4  3.7 C, which was a mean decrease in temperature of 21.8 C over
the starting point. No clinical detrimental effects were noted after the application of
this protocol, and the viability of cultured tendon cells cooled to 10 C for 1 hour
was not significantly different from that of cells incubated at 37 C.
USING DIGITAL HYPOTHERMIA TO HELP PREVENT LAMINITIS

Profound continuous digital hypothermia effectively ameliorates experimentally
induced laminitis when applied throughout the developmental period.2,3 Although
the pathophysiology of acute laminitis remains unclear, inflammatory and enzymatic
processes seem to contribute to lamellar separation.48–56 Lamellar energy failure
and ischemia-reperfusion injury are also likely to contribute to the pathogenesis of
laminitis, regardless of whether they are primary or secondary events.57–63 The
profound hypometabolic and anti-inflammatory effects of hypothermia may protect
lamellar tissue from these processes during the developmental phase. Cryotherapy
significantly reduced the upregulation of matrix metalloproteinase-2 mRNA3 and
seems to reduce the expression of proinflammatory chemokines during the developmental phase of experimentally induced laminitis (James Belknap, DVM, PhD, unpublished data, 2009). Profound vasoconstriction may also prevent the hematogenous
delivery of laminitis trigger factors.64
Suggested Protocol

Ideally, cryotherapy should be applied for the duration of the developmental phase.
Horses with conditions associated with a high risk of laminitis development (colitis,
metritis, pneumonia, alimentary carbohydrate overload)65–69 should therefore be identified and treated preemptively whenever possible. Horses exhibiting clinical signs
consistent with endotoxemia should be considered to be at a high risk of developing
lamnitis.65 Continuous application is likely to yield the best results, although the effect
of intermittent cooling has not been studied. Resolution of the primary disease may be
used as an indicator for timing the cessation of cryotherapy in individual cases. The
author prefers to continue cryotherapy for 24 to 48 hours after the resolution of clinical
and laboratory signs of systemic inflammation. Rewarming should be gradual if
possible (over 12–24 hours), as rapid rewarming after therapeutic hypothermia may
lead to the reinitiation of deleterious processes and loss of the protective effect.8
Experimental data showed a preventive effect with internal hoof temperatures
around or less than 5 C, representing a decrease of 20 C or more below normal.
Recent human medical-related studies suggest a superior effect when mild to

Cryotherapy to Prevent and Treat Acute Laminitis

moderate (10 C reduction) therapeutic hypothermia is used compared with traditional
profound (>10 C reduction) hypothermia in various disease processes.8 A critical
temperature for laminitis prevention has not been established, although it is likely
that even mild decreases in lamellar temperature have some beneficial effect. Accurate measurement of the actual lamellar tissue temperature is problematic. During
the application of distal limb cryotherapy, hoof wall surface temperature tends to be
approximately 2 to 3 C less than that measured by temperature probes buried
deep within the hoof wall, adjacent to the lamellae (van Eps, unpublished data,
2008). Based on currently available data, clinical cryotherapy application should be
aimed at achieving hoof wall surface temperatures that are consistently less than
10 C. This necessitates cooling the hoof directly as well as cooling the blood that
enters the foot. Immersion of the limb from the upper metacarpus and metatarsus
distally in an ice and water mixture effectively achieves this, although constant ice
replenishment is labor intensive. Commercially available wader-style devices can be
modified to include direct cooling of the hoof itself (Fig. 1A). Commercially available
ice-pack and cold-gel applications generally do not reduce internal hoof temperature
below 20 C even with regular replenishment/exchange (van Eps, unpublished data,
2008). A prototype device (see Fig. 1B), consisting of a membrane that recirculates
refrigerated coolant, consistently reduces hoof wall surface temperature below 10 C

Fig. 1. Successful induction of lamellar hypothermia requires cooling of the hoof capsule as
well as the limb distal to the carpus or tarsus (in order to cool blood flowing to the digit). (A)
Modification of a commercially available wader style ice boot (Ice boot [Jack’s Inc, Washington Court House, OH, USA]) to include the foot. This type of boot necessitates regular ice
replenishment (every 1–2 hours, depending on ambient temperature) to achieve a consistently low temperature. (Courtesy of Jane Axon, BVSc, DACVIM, Scone, NSW, Australia).
(B) A prototype membrane cooling device containing recirculating refrigerated coolant
(Apex 5C [Game Ready Equine, Alameda, CA, USA]) applied to the forelimbs. This type of
device may provide a convenient and controlled means of prolonged continuous cryotherapy application. (Courtesy of Jane Axon, BVSc, DACVIM, Scone, NSW, Australia.)
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(van Eps, unpublished data, 2009). Such a device may provide a convenient and effective means of inducing effective continuous digital hypothermia in the future.
USING DIGITAL HYPOTHERMIA FOR THE TREATMENT OF ACUTE LAMINITIS

Although there are no published data regarding the efficacy of cryotherapy for the
treatment of laminitis, it is rational to assume that the hypometabolic effect of hypothermia may be beneficial during the acute phase in reducing inflammation and enzymatic activity. In the author’s experience cryotherapy also provides some analgesia in
horses with acute laminitis. Cryotherapy should be avoided in cases where infection is
suspected within the foot (subsolar abscess, septic osteitis, or seedy toe) because
hypothermia reduces the natural inflammatory response to infection.8 The author
currently applies continuous distal limb cryotherapy to acute cases for up to 7 days
after the first clinical signs of laminitis; however, it is unclear whether cryotherapy
has any effect on the progression of laminitis, and research is required before any
specific recommendations can be made.
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