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Phosphocreatine System 
 Used by tissues that have high demand for energy  

 Skeletal muscle 

 Cardiac muscle 

 Brain tissue 

 Creatine is used as a buffer to store energy which is easily 
converted to ATP 
 ATP concentration in muscle is 2-5 mM 

 Creatine concentration in muscle is 20-40 mM 
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Phosphocreatine System 

Persky and Brazeau. Pharmacol Rev (2001) 53: 161-176 

Creatine Kinase 
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Creatine Kinase 
 Catalyzes the transfer of a high 

energy phosphate between ATP 
and creatine 

 Functions as a dimer 

 Two subunit types 
 M type 

 B type 
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Creatine Kinase 
 Tissue isoforms 

 Skeletal muscle 

 2 M subunits (MM) 

 Brain 

 2 B subunits (BB) 

 Cardiac muscle 

 One of each (MB) 
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Laboratory Testing 
 Total CK 

 Assay based on enzyme activity 

 One unit of activity is defined as the transfer 1 micromole of 
phosphate from phosphocreatine to ADP per minute 

 Laboratory reference is U/L 

 CK-MB 

 Assay to quantitate amount of protein using a specific 
antibody to CK-MB 

 Laboratory reference is ng/mL 
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What is normal? 
 Normal laboratory reference ranges are typically defined as the interval 

containing 95% of reference population 

 The “reference population” may not accurately reflect your patient 
population 

 Laboratory normal ranges typically assume Gaussian distribution 
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What is normal? 
 Total CK 

 Swedish lab 

 Male: 24-204 U/L 

 Female: 24-173 U/L 

 UW lab 

 Male: 62-325 U/L 

 Female: 43-274 U/L 

 Mayo Clinic lab 

 Male: 52-336 U/L 

 Female: 38-176 U/L 
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Creatine Kinase 

Wong et al. Am J Clin Pathol (1983) 79:582-586  

 Creatine kinase levels are non-Gaussian 
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Creatine Kinase (Netherlands) 

Brewster et al. Am Heart J (2007) 154:655-661  

Study with 1411 subjects 
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Creatine Kinase in the US 

George et al. Medicine (2016) 95:33  

N=10,096 

Average CK 102 



16 

Creatine Kinase in the US 

George et al. Medicine (2016) 95:33  
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Creatine Kinase in the US  

George et al. Medicine (2016) 95:33  
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Exercise 

Nicholson et al. Muscle Nerve (1986) 9:820-824  

Effect of 3 days of 45 min aerobic exercise sessions on 15 medical students 
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Exercise 

Kenny et al. Muscle Nerve (2012) 45:356-362  

Study of 499 recruits undergoing basic military training 
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Exercise 

Kenny et al. Muscle Nerve (2012) 45:356-362  

Study of 499 recruits undergoing basic military training 
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Exercise 

Son et al. Biol Sport (2015) 32:357-361  

 CK was measured in 32 ultra-distance runners at stages of a 200 km 
race and 24 hours afterwards 
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Exercise in muscular dystrophy 

Anderson et al. Muscle Nerve (2013) 48:897-901  

Limb girdle, Becker’s, and Fascioscapulohumeral muscular dystrophies 

CK was measured before exercise,  
immediately afterwards, and  
24 hours afterwards 
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Rhabdomyolysis 
 Muscle necrosis and release of intracellular contents 

 Characterized by muscle pain, weakness, and dark urine, muscle 
tenderness/swelling 

 Clinical concern is risk of renal failure 

 Hallmark is elevated CK but no consensus definition based on level of 
elevation 

 Studies advocate for different thresholds ranging from 5x to 50x the ULN 

 Risk of acute kidney injury is low when CK<15,000 U/L on admission 

 Can occur at CK of 5000 U/L 

 Sepsis 

 Dehydration 

 Acidosis 

Bosch et al. NEJM (2009) 361:62-72  
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Rhabdomyolysis 
 Case series of 26 patients with rhabdomyolysis 

de Meijer et al. Intensive Care Med (2003) 29:1121-1125  
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Effect of electromyography 
 Needle EMG can affect CK level 

Levin et al. Muscle Nerve (1987) 10:242-245  
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Cardiac considerations 
 Creatine kinase and CK-MB were widely used as  

biomarkers for myocardial infarction prior to the 
availability of troponin 

 CK-MB is relatively high in cardiac tissue 

 CK-MB is also increased in skeletal muscle with 
regeneration of muscle fibers 

 CK-MB can be increased in patients with chronic muscle 
disease or in athletes 
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Non-neuromuscular Causes of 
Elevated CK 
 Strenuous exercise 

 Trauma/Procedures (EMG, injection, surgery) 

 Toxins (alcohol, heroin, cocaine) 

 Endocrine (hypothyroid, hyperthyroid, hyperparathyroid) 

 Electrolyte derangements (hyponatremia, hypokalemia, hypophosphatemia) 

 Renal failure 

 Viral illness 

 Chronic cardiac disease 

 Malignancy 

 Obstructive sleep apnea 

 Neuroacanthocytosis syndromes 

 Macro-CK 

 Malignant hyperthermia syndromes 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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Medication Causes of Elevated CK 
 Medications 

 Statins 

 Fibrates 

 Colchicine 

 Antipsychotics 

 Zidovudine 

 Certain beta blockers (pindolol, carteolol) 

 Isoretinoin 

 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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Effect of denervation on CK 
 Creatine kinase can be mildly elevated in conditions 

causing acute denervation of the muscle 

 Motor neuron disease 

 Motor neuropathies 

 Radiculopathy 

 Plexopathy 
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Motor neuron disease 
 CK levels in patients with ALS (36) and SBMA (33) 

Chahin and Sorenson Muscle Nerve (2009) 40:126-129  
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Biomarkers 
 Objective measures used as a markers of a disease 

process 

 Ideally, only abnormal in the pathological state 

 In practice, most biomarkers have variable sensitivity 
and specificity 

 



34 

Creatine Kinase as a Biomarker 
 Pros 

 High in muscle and relatively low in other tissues 

 Mostly localized to muscle (95%) and brain 

 Measurable in serum 

 Enzyme activity is easily measured 

 Cons 

 Non-neuromuscular causes of elevation 

 Can be elevated in the absence of disease 

 Not elevated in all myopathies 
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Patient with elevated CK 
 How do you decide when to pursue further workup? 

 Asymptomatic patient vs patient with weakness 

 What is the likelihood of finding a specific diagnosis? 

 Should we pursue invasive testing (muscle biopsy)? 

 How likely are we to find a treatable cause? 
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Signs of possible myopathy 
 Proximal weakness 

 Atrophy or hypertrophy 

 Exercise intolerance 

 Family history 

 Pigmenturia 

 Myotonia 
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Signs of other neuromuscular 
disease 
 Fatiguable weakness 

 Sensory symptoms 

 Fasciculations 

 Reflex abnormalities 
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Role of EMG 
 Rule out non-myopathic causes of elevated CK 

 Motor neuron disease 

 Motor neuropathy 

 Radiculopathy 

 NMJ disorders 

 Determine if there is myotonia (myotonic dystrophy) 

 Determine if there are myopathic changes 

 If absent, does not rule out myopathy 
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Role of muscle biopsy 
 Gold standard for the diagnosis of myopathies 

 Histological stains (H&E, Gomori trichrome, Oil Red O, PAS, SDH, 
NADH, cytochrome oxidase, myophosphorylase, acid phosphatase) 

 Immunohistochemical stains 

 Mitochondrial enzyme activity 

 Glycolytic enzyme activity 

 Electron microscopy 

 Biopsy an affected muscle not tested by EMG needle 

 Choosing site of biopsy can be assisted with MRI imaging 



41 

Yield of muscle biopsy 
 Series of 698 muscle biopsies at a neuromuscular referral center 

 Inflammatory myopathy found in 23% of all biopsies 

 Diagnostic biopsy most associated with the group with CK elevated, 
proximal weakness, and myopathic EMG (specific diagnosis in >50%) 

Shaibani et al. Muscle Nerve (2015) 51:662-668  
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EFNS guidelines 

 HyperCKemia defined as CK>1.5 upper limit of normal 

 1.5x ULN 

Non-black male 504 

Non-black female 325 

Black male 1201 

Black female 621 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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Asymptomatic hyperCKemia 
 Asymptomatic  

 Pauci-symptomatic 

 No objective weakness on exam 

 No atrophy, hypertrophy, or myotonia 

 Vague neuromuscular symptoms 

 Myalgia 

 Fatigue 

 Exercise intolerance 

 Cramps/stiffness 

 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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EFNS guidelines 
 Consider and rule out non-neuromuscular causes if 

appropriate 

 Review medications 

 Substance abuse history (consider tox screen) 

 Check metabolic panel, phosphate 

 Check thyroid function, parathyroid function 

 Consider checking troponin  

 

 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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EFNS guidelines 
 Determine family history of neuromuscular disease, 

hyperCKemia, or malignant hypertension 

 Confirm hyperCKemia  

 At least two CK measurements  

 Avoid strenuous exercise for 7 days prior with samples at 
least 1 month apart 

 If hyperCKemia confirmed, check EMG/NCS 

 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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EFNS guidelines 
 Muscle biopsy recommended if: 

 Myopathic EMG 

 CK >3x normal 

 Patient < 25 years old 

 Exercise induced pain or exercise intolerance 

 Women with CK< 3x normal  

 Can first test blood lymphocytes for Becker/Duchenne 
mutation 

 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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Asymptomatic hyperCKemia 
 Multiple case series of muscle biopsy patients with 

asymptomatic hyperCKemia 

 460 patients from 8 separate studies 

 134 (29%) were normal 

 25 (5%) were neuropathic 

 190 (41%) were nonspecific myopathic 

 121 (26%) resulted in specific diagnosis 

 42% metabolic myopathy 

 21% subclinical muscular dystrophies 

 

Kyriakides et al. Eur J Neurol (2010) 17:767-773  
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Prognosis of asymptomatic 
hyperCKemia 
 D’adda et al reported a 6 year follow up study of 55 

patients with asymptomatic hyperCKemia 

 Most remained asymptomatic  

 1 became symptomatic 

 45 (78%) still had elevated CK but at a lower level 

 12 (22%) had normalized CK 

 1 patient was diagnosed with limb girdle muscular 
dystrophy 

 1 patient was diagnosed as a dystrophinopathy carrier 

D’adda et al. J Neurol (2006) 253:1399-1403  
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Exercise in asymptomatic 
hyperCKemia 

Reijneveld et al. Muscle Nerve (2002) 26:832-837  

11 patients with asymptomatic  
hyperCKemia after maximal  
and submaximal exercise 
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Practical approach 

Elevated CK 
CK still  
elevated 

Repeat, avoiding  
exercise at least 7 days 

Rule out non-muscular and 
Medication causes 

Weak Not Weak 

EFNS 
guidelines 

EMG 

Myopathic or 
nondiagnostic Muscle 

Biopsy 

Not  
Myopathy 

Neurogenic process 
Positive rep stim 
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Summary 
 Creatine kinase is a biomarker with good muscle specificity 

 “Normal” values can vary depending on race and sex 

 Several factors can elevate CK level in the absence of 
underlying neuromuscular disease 

 Elevated levels in an asymptomatic patient often carry a 
benign prognosis 

 Depending on context, chances of obtaining a diagnostic 
muscle biopsy can range widely from 7 to 70%. 
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Thank you! 
 


