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How do our muscles get energy?

Add text here

• ENERGY originally comes from FOOD to produce ATP
• Muscle cells need ATP to contract and relax

CARBOHYDRATES
• Fruit/vegetables/grains/beans
• Excess glucose is stored as glycogen (muscle – 80% & 

liver - 20%) until stores full, then fat
FAT
• Oils/nuts/dairy/meat/olives
• Excess fat is stored in adipose tissue

PROTEIN
• Meat/dairy/nuts/eggs/fish
• Broken down into amino acids



What are the ingredients…

Add text here



Different pathways…

Add text hereX
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What 
happens in 
McArdle’s?

Add text here
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What you may feel when your muscles don’t 
have enough ATP (energy)

Muscle 
pain

Muscle 
fatigue ↑HR ↑Resp STOP
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Muscle damage 
accelerates
Respond to the signals 
McArdle people can achieve a lot in terms 
of activity, as long as we don’t go passed a 
critical point. If we do, muscle damage can 
start and increase exponentially.

*e safe zone will vary in length. It will 
be only 6 seconds long when doing 
something at maximal intensity, such as 
opening a new jam jar. But when doing 
something aerobic such as walking, once in 
“second wind” the safe zone can last 
inde+nitely as long as we are careful to 
avoid doing anything too intense. As 
intensity increases we have to be aware of 
the signs and respond by slowing down or 
pausing for a rest. 

If we fail to respond in time we will 
exhaust our immediate ATP (see page 00) 
and straight away the muscle damage will 
start and increase rapidly. It takes just a few 
seconds to get a +xed contracture, which 
may take hours or days to recover.

Regular aerobic exercise will raise the 
aerobic capacity and expand the safe zone.
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3 days

1 week
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Expands with improved aerobic !tness

Contracts with de-conditioning

Time for 
recovery of 
cramp or 
contracture.To avoid muscle damage, act 

within the response phase.
Slow down or pause for a rest 
in response to increased heart 
rate, heaviness of limbs, 
muscle sti"ness, cramping 
sensation, etc.
Don’t cross the
red line! 

6 seconds at maximum intensity.
Many hours in aerobic phase.

Muscle
damage in 
seconds if 
activity is 
continued 
beyond this  
critical 
point.

E"ect on the muscle

Stay in the 
‘safe zone’



GOAL
Avoid emptying the 
ATP ‘reservoir’!!



A lack of ATP can result in muscle damage, 
leading to…

• Rhabdomyolysis
• Myoglobinuria
• Contracture
• Acute Renal Failure
• Compartment Syndrome



Rhabdomyolysis

Cause • Lack of energy (ATP) for working muscles results in damage 
to muscle tissue

Presentation • Classic triad of symptoms – muscle pain, weakness and 
may have dark urine (myoglobinuria)

• Usually involves specific group of muscles; although may be 
generalized

• Feel unwell, fever, tachycardia, nausea, and vomiting
• Elevated CK (rise within 12 hours, peaks around 24 hours, 

the reduces 30% to 50% per 24 hours)

Treatment • Preserve kidney function with IV fluid replacement (saline)
• Dextrose (may reduce cell injury)
• Diuretics (to increase urine)
• Bicarbonate (restore urine pH)
• Monitor for hyperkalemia, hypocalcemia, elevated liver 

enzymes, cardiac dysrhythmias, ARF, DIC



Myoglobinuria

Cause • A result of Rhabdomyolysis 
• Myoglobin (protein) is released from damaged muscle 

tissue into the bloodstream
• The kidneys filter the myoglobin into the urine

Presentation • Not always evident in Rhabdomyolysis
• Pink-tinged/red/cola colored urine (myoglobinuria)
• As myoglobin passes through the kidney, the tubules

can become blocked --> acute renal failure
• May have decreased urine output & rapid weight gain



When to seek medical attention

Treat at home • Cramp rather than fixed contracture
• Small muscle group affected

Go to hospital if 
ANYof the
following:

• Large muscle group in contracture
• Feeling very unwell after activity
• Low voiume of urine output (or none at all)
• Myoglobinuria
• Not starting to recover after 24 hours



CK levels and discharge
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Reduction of CK 
following episode
What to expect 
* e average basal (baseline) level of Creatine 
Kinase (CK or CPK) in the blood of McArdle 
people is about ten times the top of the 
normal range. With severe muscle breakdown 
(rhabdomyolysis) the level will rise very 
rapidly. Each episode will be unique, but the 
chart explains the principles. Follow 
guidelines on the Emergency Card to decide 
when to seek medical attention. Peak level is 
reached at about 24 hours, typically 100,000 
to 200,000 iU/L, but in some cases up to 1m.

A+ er 24 hours the level will start to drop 
by approx. 30% to 50% per 24 hours. * e rate 
of reduction is aided by good hydration and 
the avoidance of any activity which further 
damages the a, ected muscle/s. If reduction 
has not commenced by 36 to 48 hours, the 
muscle group should be assessed for 
compartment syndrome. 

Discharge from medical care may be at 
c.10,000 iU/L, maybe sooner, as long as the 
trend is clearly downward, kidney function is 
good and there are no complications.

Evidence of your baseline CK level will 
help the doctor understand why there is no 
expectation of a return to within the normal 
range (usually 0 to 190 iU/L).

Peak CK occurs approx. 24 hours after 
injury. Can be in 100s of thousands.

CK will reduce by 
about 30% to 50% 
per 24 hours.

Likely discharge from 
hospital around 30,000 
to 10,000 iU/L as long as 
WUHQG�LV�À�UPO\�GRZQ�DQG�
kidney function is good.

Return to normal CK 
level cannot be 
expected, only a 
UHWXUQ�WR�WKH�SDWLHQW·V�
own baseline.

If CK level is not falling 
by 36 to 48 hours, seek 
assessment for 
compartment syndrome.

Average baseline 
CK for a McArdle 
person is approx. 
2,400 iU/L. †

Consider whether 
medical attention 
should be sought.

† McArdle Disease: a clinical review. R Quinlivan, J Buckley, M James, et al. (2010) J Neurol Neurosurg Psychiatry. 
Published online September 22, ; doi: 10.1136/jnnp.2009.195040.

Typical trend in Creatine Kinase reduction following rhabdomyolysis  

Rate of reduction 
slows as lower 
levels are reached.

Increased risk 
of acute 
kidney failure.



Contracture

Cause • Static or intense dynamic exercise (squatting or running), 
particularly if continued in the presence or pain

• Insufficient ATP causes muscle damage

Presentation • Affected muscle goes hard, swells and becomes difficult to 
relax or move

• Severe pain

Treatment • Rest
• Cool/ice pack
• Heat pack
• Gentle massage (not for a fixed contracture)
• Monitor pressure for to Compartment Syndrome



Acute Renal Failure (ARF)

Cause • Severe muscle damage (rhabdomyolysis) resulting in 
blocked tubules in the kidneys 

Presentation • Muscle pain, weakness and dark urine (myoglobinuria)
• Feel unwell, fever, tachycardia, nausea, and vomiting
• Decreased urine output & rapid weight gain 
• Elevated CK (rise within 12 hours, peaks 1-3 days, half-life 

1.5 days) and myoglobin

Treatment • Monitor renal function 
• IV fluid replacement to decrease severity of ARF
• Dialysis
• Typically reversible



Compartment Syndrome

Cause • Swelling of muscle, leading to the build up of pressure 
within the compartment (fascia) containing the muscle

• Vicious cycie – swelling/pressure/swelling/pressure

Presentation • Severe muscle pain, swelling, weakness, and numbness
• Very tense, pale skin over the affected area
• Reduced ability to move affected area
• Diminished or absent pulse or sensation in affected area
• Elevated CK

Treatment • Monitor CK, myoglobin, and kidney function
• Measure pressure within the compartment 

of affected area (insertion of a sterile 
needle)

• If caught early: elevation, ice therapy
• Surgery (fasciotomy) – open the 

compartment to relieve the pressure
• Close the wound



Considerations for Recovery 
from Rhabdomyolysis

o Follow-up with your physician (as advised)
o Have your CK checked
o Search for the help of a clinician that has expertise in McArdle disease
o If you do not have any symptoms (muscle weakness or pain), very 

gradually return to less-intense activity/exercise



Avoiding future episodes

o Avoid strenuous activity/exercise
o Avoid unaccustomed activity/exercise
o Prevent dehydration before, during, and after activity/exercise
o Limit activity/exercise in hot and humid environments
o Follow a well-balanced diet
o Practice getting into ‘second wind’ routinely
o Exercise regularly to increase aerobic fitness
o Be sure not to empty your ATP ‘reservoir’
o Beware of ‘other’ risk factors for rhabdomyolysis – medications, 

virus/infection, emotional stimulus



THANK YOU

Avoid

Recognize Treat
Recover

Questions?


