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Equine atypical myopathy (EAM) is an acute, severe rhabdomyolysis associated with ingestion
of hypoglicyn A contained in seeds and seedlings of Sycamore maple (Acer pseudoplatanus). An
increasing number of outbreaks has been reported in recent years, including some from countries
where the disease has not been previously diagnosed. EAM occurs predominantly during the
autumn and less often in the spring. Treatment plans can be extrapolated from the described clinical
signs and metabolic problems, but they remain limited to supportive care. Since treatment is still
unsuccessful in the majority of cases, the main emphasis is currently still on prevention. In this
review, clinical and other details of EAM are analysed.
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Muscle disorders, which are a common cause of disability in affected horses,
constitute a large variety of both acquired and hereditary disorders that can affect muscle
structure, metabolism or the function of the muscle channel. Equine atypical myopathy
(EAM) also known as a seasonal pasture myopathy, or acquired equine multiple acyl-
CoA dehydrogenase deficiency, is an acquired muscle disease affecting grazing horses.
It has been shown that horses kept on overgrazed pasture with a large quantity of
dead leaves and dead wood and/or without an adequate hay or other supplementary
feedstuffs are at particular risk. It occurs mainly during autumn, sometimes in spring
months, frequently after a period of wet and windy or cold weather.

EAM is an acute disorder accompanied by extensive rhabdomyolysis resulting in
muscular weakness, stiffness, recumbency, myoglobinuria and at least 75% of cases
lead to death within 72 h [van Galen ef al. 2012]. EAM can affect individual horses or
several horses within the same group. All horses are potentially susceptible to EAM,
although youngsters and horses above the age of 20 have been found to be at greater
risk. This syndrome is not connected with any physical exertion for the clinical signs
to manifest themselves, unlike myopathies caused by strenuous exercise. The number
of cases reported worldwide in recent years is increasing.

Epidemiology

Equine atypical myopathy was first recognized in grazing horses in 1939 in East
Scotland and first reported in the literature in 1942 [Bowen et al. 1942]. In 1995 the
first major outbreak occurred in Germany, raised awareness of the condition worldwide
because of 111 horses death, which presented clinical signs typical for rhabdomyolysis
[Brandt et al. 1997]. There are number of reports describing the disorder from various
European countries. Now the disease has been recognized in Belgium, Denmark,
France, Germany, Ireland, United Kingdom, Latvia, Luxembourg, Spain, Switzerland,
and The Netherlands but also in Austria, Italy, Norway, and Sweden [Palencia et al.
2007, van Galen et al. 2012, McKenzie et al. 2016, Votion et al. 2007b, unpublished
data from the Atypical Myopathy Alert Group; AMAG]. Also, EAM occurred in
Australia, Canada and the USA [Votion et al. 2009]. The newest outbreaks have been
recorded in Czech Republic [Karlikova et al. 2016]. To the authors’ knowledge, no
cases have previously been reported in Poland but it does not mean that there is no
risk of EAM outbreak.

The investigation of the cause

From the beginning environmental toxins were considered as potential causative
agents for EAM. Sparse pastures with an accumulation of dead leaves, dead wood and
trees in/ or around the pasture and frequently contained wet areas are the main cause
of this illness. The possibility of viral or bacterial infection was suspected. However,
participation of viruses such as: equine influenza virus, rhinopneumonitis virus,
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rhinoviruses, adenoviruses [Whitwell et al. 1988], Borna disease virus or herpesvirus
infection [Brandt et al. 1997] in pathogenesis was excluded. The participation of
bacteria/fungus and their toxins, e.g. Clostridium sordellii or mycotoxins Rystisma
acerinum, which lead to dysfunction of the mitochondrial metabolism in horses,
were subsequently investigated but the results were inconsistent [Valberg et al.
2013, Gerber et al. 2006].

Nutritional myopathy (e.g. acute oxidative skeletal muscle) was also proposed
as a contributing factor but low dietary selenium has been excluded. Most of
reported cases of EAM have adequate serum, kidney and/or liver concentrations of a
tocopherol [Whitwell et al. 1988].

More precise studies, such as tissues histopathological examination showed
the possible cause of the disease. Morphopathological examination of EAM cases
showed an acute and degenerative process as a result of intracellular accumulation
of lipids in the slow oxidative type I muscle fibres. In humans with multiple acyl-
CoA dehydrogenase deficiency (MADD) there are mutations in the electron transport
flavoprotein (ETF) system, which are essential for fatty acid P-oxidation and
metabolism of branched amino acids, glutarate and choline [Watmough ef al/. 2010].
This indicated that the disease shared multiple similarities with an acquired MADD
condition called Jamaican vomiting sickness which is triggered by the ingestion of
ackee fruit (Blighia sapida) that contains hypoglicyn A [Katibi et al. 2015]. The
presence of plants which contains hypoglicyn A is a common feature in outbreaks of
EAM. Species vary considerably between countries. In the USA, the Box elder (4cer
negundo) has recently been linked to cases of EAMIn Europe it is the Sycamore maple
(Acer pseudoplatanus) (Fig. 1, 2, 3). It should be mentioned that many environmental
factors can have an influence on the level of hypoglicyn A in seeds, e.g. species such
as the Norway maple (Acer platanoides) (Fig. 4, 5, 6) and the Field maple (4cer
campestre) does not seem to contain hypoglicyn A [Votion et al. 2014, Unger et al.
2014, Baise et al. 2016].

Fig. 1. The sycamore maple (Acer pseudoplatanus) leaf has a significantly less jagged edge and smaller
notches (photo © Robert Sadowski www.drzewapolski.pl)
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Fig 2. In autumn sycamore leaves never turn red. They usually go a blotchy green-yellow(photo: © Robert
Sadowski www.drzewapolski.pl).

Fig. 3. The sycamore seeds (Acer pseudoplatanus). Opening angle is smaller (about 90%) (photo: ©
Robert Sadowski www.drzewapolski.pl).

Fig. 4. The Norway maple (Acer platanoides) leaf has a glossier surface, the lobes each bear one to three
side teeth, and an otherwise smooth margin (photo © Robert Sadowski www.drzewapolski.pl).
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Fig. 5. In autumn Norway Maple leaves are some of the first to change colour, turning a blazing scarlet or
yellow (photo: © Robert Sadowski www.drzewapolski.pl).

Fig. 6. The Norway Maple seeds are disc-shaped, strongly flattened. The wings are long widely spread,
approaching a 120° opening angle (photo: © Robert Sadowski www.drzewapolski.pl).

Fig. 7. Urine sample collected from a healthy horse (left) and a horse with EAM (right), showing typical
dark red brown colour.
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Pathophysiology

Since 2012 the hypoglicyn A is considered to be a factor causing equine atypical
myopathy. A metabolite of the hypoglicyn A — methylene-cyclopropylacetic acid
(MCPA) reduces the activity of short and medium-chain acetyl-CoA dehydrogenase,
resulting in multiple acyl-CoA dehydrogenase deficiency. As a result, beta-oxidation
process is interfered. Also the accumulation of fatty acids in the cytosol occurs, which
is a characteristic histopathological in EAM, but it is not a pathognomic symptom
[Votion et al. 2014].

Clinical symptoms

EAM is characterized by subacute or acute general symptoms, which appear within
the first 12-24 hours after poisoning [Votion et al. 2007b]. At the beginning apathy,
lethargy, colic, muscle stiffness and tremors are observed. Significant sweating and
muscle weakness also appear. Within hours, EAM-affected horses are unable to stand
for longer than a few minutes. Seldom horses remain standing with a ventroflexed
head due to muscle weakness. Appetite is usually unchanged or even increased. In
the terminal phase total loss of appetite is observed [Palencia et al.2007, Votion et
al. 2007b]. Animals often develop respiratory difficulties and recumbency and the
majority die within 72 hours after the onset of signs.

During the clinical examination, congested mucous membranes and hypothermia
(below 36,5°C) are noticed [Brandt ef al. 1997, Palencia et al. 2007], although there
are some reports of normal or even hyperthermic horses with EAM [van Galen et al.
2012]. Initially the heart rate does not change, but with the development of muscle
damage it becomes irregular and accelerated because of a cardiomyocyte injury. Heart
murmurs and increased respiratory rate are observed. On deep palpation, muscles
do not feel particularly firm, painful reactions are rare elicited. Over time, mucous
membranes become dark red.

Due to the presence of myoglobin, as a consequence of severe rhabdomyolysis,
the urine has a dark brown colour. Absence of myoglobinuria does not exclude EAM.
It all depends on the moment of examination of the patient according the onset of
clinical signs and the severity of rhabdomyolysis. Myoglobinuria should also be
distinguished from haemoglobinuria (the presence of haemoglobin in urine) and from
haematuria (the presence of blood in the urine). When rectal palpation is performed,
the bladder may feel significantly distended which can contribute to the signs of colic.

Less common clinical symptoms include icterus, haemorrhagic diathesis, head
oedema, absence of consciousness, mild diarrhoea, dislocation of colon, penile
prolapse, perirenal pain, ptosis and trismus [Brandt et al. 1997, Finno et al. 2006,
Votion et al. 2007a, Whitwell ef al. 1988].
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Laboratory examination

In the haematological examination, elevated packed cell volume (PCV) is
observed. In horses that died PCV value was significantly higher than in healing ones
[Votion et al.2007b, van Galen et al. 2012]. Also elevated total white blood cell count
(WBC) usually due to neutrophilia may occur.

In biochemical analysis, a significant increase of creatinine kinase (CK) activity is
observed, rising rapidly in association with the onset of clinical signs to >10,000 [U/L
and often reaching >100,000 IU/L [Votion et al. 2007b]. However, the increase of CK
activity cannot be a prognostic factor because it may only be slightly increased when
measured shortly after the onset of clinical signs. Aspartate aminotransferase (AST)
serum activity should be also taken into consideration. Serial analysis of the activity
of both these enzymes, first every 48-72 hours, then every 7-10 days, is more likely to
be effective diagnostic and prognostic tool than measurement only at admission. The
most helpful laboratory test to screen for EAM is probably the determination of the
serum activities of muscle enzymes and the presence of myoglobin in urine samples.
In the initial stage of the disease an increase of lactate concentration (mean value 6,7;
ref. <2 mmol/L) in blood is observed due to lactic acidosis [van Galen et al. 2013].
Hyponatremia, hypokalaemia and hypochloraemia appear only in the terminal stage
[Votion et al. 2007b]. Hyperkalaemia and hypernatremia are less common [van Galen
et al. 2012]. Moreover, it is recommended to measure the concentration of blood urea
and creatinine values which are important markers of a renal function. During the
rhabdomyolysis, myoglobin is released into the peripheral blood and accumulates in
the kidneys [Plotnikov ez al. 2009], which can lead to acute renal failure as a result of
oxidative stress.

Hyperglycaemia is observed in horses with EAM whereas humans with MADD
have hypoglycaemia [Katibi et al. 2015]. It is believed that hyperglycaemia in horses
reflects a higher ability to mobilize glucose from glycogen in the liver [Votion et al.
2007b, Cassart et al. 2007]. Studies confirm that horses with EAM show increased
serum and urine acylcarnitine and glycine conjugates levels [Bochnia et al. 2015, Zuraw
et al. 2016], although commercial determination of these parameters is not applicable
in horses. An ideal parameter helpful in making the final diagnosis of the disease would
be to evaluate the increase of hypoglicyn A in the urine and in the blood [Bochnia e? al.
2015]. Unfortunately, such test is available in few laboratories in the USA.

Postmortem and histopathological findings

The mortality rate due to EAM can be up to 85% [Puyalto-Moussu et al. 2004,
Votion et al. 2004]. The survival rate depends primarily on fast diagnosis of the disease
and immediate implementation of treatment. In the post-mortem examination, the
urinary bladder is filled with dark brown urine [Cassart et al. 2007]. In the stomach
content fragments of maple seeds can be observed [Zuraw et al. 2016]. Macroscopically,
necrotic foci as pale regions in the postural and respiratory muscles are visible. On the
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other hand, there are some reports of no macroscopic changes observed in either the
skeletal or cardiac muscle [Puyalto-Moussu et al. 2004, Votion et al. 2004].

In the histopathological examination myodegeneration, which is morphologically
consistent with Zencer’s degeneration, is observed. Myofibers show fragmentation,
swelling, have a loss of cross striations, and hyaline appears [Palencia et al. 2007,
Cassart et al. 2007]. It is recommended to perform additional tests to reveal the
accumulation of fatty acids in cells.

Treatment

Horses with EAM require supportive and nursing care. It is necessary to remove
the animal from the pasture as soon as possible and place it in a stable with a deep
bedding to prevent the hypothermia and further damage to the body.

There is no specific treatment of EAM. In order to restore circulating volume,
correct acid-base and electrolyte imbalances fluid therapy is recommended and it is the
first and the most important stage of the therapy. Glucose administration at the dose of
1-4 mg/kg 1.V. increases the animal’s chances of recovery. Some authors believe that
the oral administration is the most beneficial way of carbohydrate supplementation
[Votion et al. 2007b]. During EAM, there are no such severe pain symptoms as in case
of post-exertional myopathies. Depending on the patient’s condition it is recommended
to implement anti- inflammatory drugs, if necessary, analgesics. Non-steroidal anti-
inflammatory drugs (NSAID’s) are the most commonly used, but it have to be used
with caution because of high probability of co-existing renal damage. Muscle spasm
are rare. On the other hand, muscle stiffness and fasciculations have been observed.
Administration of muscle relaxants can bring a relief to the animal. However, it should
be remembered that medications may increase the already existing muscle weakness.

Supportive treatment includes the administration of antioxidants, such as vitamin
E at a dose of 5.000 IU/500 kg b.w.. Horses that received antioxidants (vitamin
C, E and selenium) showed higher survival than those in the group without any
supplementation [van Galen et al. 2012]. However, according to other studies, it did
not bring any results [Brandt ez al. 2007, Hosie ef al. 1987]

Conclusions

Despite many studies and scientific publications concerning equine atypical
myopathy, it is not fully understood. The mechanism of the disease development is not
completely clear, which makes it difficult to establish effective treatment guidelines.
The therapy is based mainly on symptomatic treatment, consisting of a fluid therapy,
anti-inflammatory drugs, analgesic treatment and antioxidant administration. The
mortality rate is very high.

In Poland, no cases of disease have been reported so far, although this does not
exclude EAM’s occurrence.
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