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Case presentation

Dr Catalano: In October 2011, a 73-year-old shoemaker

was admitted to the chest pain unit of a provincial hospital

for atypical chest pain that arose a few hours earlier. He

had a history of ischemic heart disease, and had an acute

myocardial infarction at the age of 65, and had a sub-

sequent coronary artery bypass graft. He also had periph-

eral edema and with bilateral upper limb functional

weakness and progressively more severe myalgia. These

other symptoms had arisen about 2 weeks prior, and with

growing intensity. Blood tests excluded an acute coronary

syndrome (troponin negative), but showed the presence of

an elevated serum creatinine phosphokinase (CPK). During

hospitalization in the chest pain unit, the patient also

underwent an echocardiographic examination, which

showed the presence of moderate heart disease. A few days

later, the patient was transferred to our unit because of

worsening bilateral edema and myalgia of the upper limbs.

There was no family history of muscular disorders, but

only hypertension and diabetes mellitus (DM). He reported

that at the age of 53 years, a monoclonal gammopathy had

been diagnosed, and 1 year later arterial hypertension.

He had been under treatment for several years with beta-

blockers, acetyl salicylic acid, antihypertensives, nitrates,

proton pump inhibitors as well as simvastatin (20 mg/day),

but had never shown clinical or biochemical findings of

muscle toxicity. On visual examination, the patient was

afebrile but the arms, especially the forearms, were red and

swollen with diffuse bilateral hard edema and marked

weakness. The blood pressure was 120/80 mmHg, heart

rate 80 beats/min., and no other physical signs were present.

Dr Cecere: We carried out blood tests that were normal

except for a CPK 2504 U/L (nv: 21–232), lactic dehydro-

genase (LDH) 305 U/L (vn: 100–190), creatine kinase MB

(CK-MB) 5.1 U/L (nv up to 3.6), myoglobin 707 ng/ml

(vn: 16–96), erythrocyte sedimentation rate 33 mm/h (vn:

1–10), fibrinogen 745 mg/dl (170–410), serum glutamic

oxaloacetic transaminase 210 U/L (vn: 15–37), serum

glutamic pyruvic transaminase 84 U/L (nv 12–78), hemo-

globin 11.3 g/dl (nv 12–15). Urinalysis showed moderate

hemoglobin concentration with no sign of red blood cells

on microscopic examination. This was hypothesized to be

due to the presence of myoglobinuria.

Differential diagnosis

Dr Perrone: At the beginning, we hypothesized the pre-

sence of a mediastinal syndrome in view of the bilateral

edema of the arms, and decided to perform a computerized

tomography (CT) scan of the chest that was negative, as

were also heteroplastic markers. Subsequently we paid

close attention to the high levels of CPK, LDH, CK-MB,

Myoglobin and the presence of myoglobinuria, and

hypothesized that this was due to the presence of rhabdo-

myolysis. We investigated several causes of rhabdomyol-

ysis (Table 1): intense muscular activity, damage, drugs,

infections, immunopathological disease, systemic amyloi-

dosis. The patient declared that he had not suffered

any muscle strain due to excessive physical effort, did not

drink excessive alcohol, and had not suffered recent

trauma. Serum viral tests were negative, autoantibod-

ies (anti-nuclear antibody, extractable nuclear antigens,
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anti-neutrophil cytoplasmic antibodies, anti-liver kidney

microsomal antibodies, anti smooth muscle antibodies, anti

mitochondria antibodies) were all negative, while anti

hepatitis C virus antibodies (anti-HCV) was positive

(HCV-RNA = 562,407 copies), and cryoglobulins were

absent. Serum immunofixation showed the presence of IgG

monoclonal component k, negative Bence Jones protein in

urine. thyroid-stimulating hormone (TSH) was 10.2 mIU/L

(vn: 0.3–3.6), free thyroxine (FT4): 1.10 ng/dl (vn:

0.9–1.7), free triiodothyronine: 1.68 pg/ml (vn 2.2–4.2),

anti thyroglobulin antibodies and anti thyroid peroxidase

antibodies normal. During hospitalization, a total body CT

scan was performed, and was negative, while Echo-

Doppler examination of the upper limbs showed: the

absence of venous thrombosis bilaterally, soft tissue edema

and slowing of venous outflow.

A bone marrow biopsy showed a picture compatible

with MGUS but Congo red staining was negative.

Radiographic examination of the skeleton revealed no

osteolytic lesions. The statin therapy was immediately

suspended.

Diagnosis

Dr Catalano, Dr Cecere: He was diagnosed with a

‘‘spontaneous compartment syndrome (CS) of the upper

limbs with rhabdomyolysis, and likely iatrogenic hypo-

thyroidism associated with paraproteinaemia IgG k’’.

Given the finding of hypothyroidism, treatment with thy-

roid replacement therapy was prescribed (L-thyroxine at a

dose of 25 mg/day, which was subsequently increased to

Table 1 Causes of rhabdomyolysis

Acquired acute causes Acquired chronic causes Congenital causes

Intense muscular activity Immunopathological disease Abnormalities of lipid metabolism

Exercise Dermatomyositis Carnitine deficiency

Status epilepticus Polymyositis CPT deficiency

Tetanus

Delirium tremens

Direct muscle damage Metabolic disorders Abnormalities of carbohydrates metabolism

Trauma Diabetes mellitus Myophosphorylase deficiency

Burns Primary aldosteronism a-glucosidase deficiency

Renal tubular acidosis Amilo 6 glucosidase deficiency

Myxedema Fosforisomerasi

Parenteral nutrition Phosphofructokinase deficiency

Muscle ischemia Others Muscular dystrophies

Compression Systemic amyloidosis

Vascular occlusion Idiopathic

Sickle cell anemia

Embolism

Infections

(viral, bacterial, other)

Drugs

Ethanol

Methadone, heroin

Cyclosporine, steroids

Overdose of salicylates

Diuretics, amphotericin

Liquorice, statins

Biological toxins

Lithium, antipsychotics

Electrolyte disturbances

Hypokalemia

Hypophosphatemia

Hypo/hypernatremia
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50 mg/day), as well as with anti-edema drugs (methyl-

prednisolone at a dose of 0.5 mg/kg/day, later reduced),

hydrating saline as well as alkaline diuretics, which pro-

duced a marked clinical and biohumoral improvement in a

few days. Muscle enzymes returned to normal after about a

week. After normalization of the thyroid function, we

decided to reintroduce the statin therapy 2 months later.

Subsequent blood tests showed no signs of

rhabdomyolysis.

Case discussion

Prof. Sabbà, Dr Catalano: Fractures are the most common

cause (up to about 70 %) of CS of the limbs. In the

remaining 20 % of CS, the disease is a direct consequence

of tissue injury (crush syndrome, exercise, arterial injury,

etc.), or in some rare cases it may occur spontaneously like

a complication of low molecular weight heparin therapy

[1]. The disease develops when the pressure within the

compartment (ICP: intra compartmental pressure) exceeds

the normal capillary filling pressure (12–32 mmHg), while

the normal pressure in the tissue compartments ranges

between 0 and 8 mmHg. The syndrome is normally cor-

related with an impaired capillary blood flow at pressures

of about 20 mm Hg, and the patient feels pain already at

pressures of between 20 and 30 mm Hg, while ischemia

develops at higher pressures. If left untreated, the ischemia

can have dramatic consequences for the patient such as

necrosis of the limbs, which may be life-threatening and

necessitate amputation. This syndrome can affect any area

of the body with little or no expansion capacity of the

tissues. The diagnosis is mainly based on clinical findings.

The characteristic seven ‘‘P’’s of the CS [1] (pain, pressure,

poikilothermia, paralysis, paresthesia, pulselessness, pal-

lor) may be useful, while laboratory and instrumental

investigations (e.g., Doppler ultrasound) can help but are

not decisive for diagnostic purposes. The gold standard in

the diagnosis is surely the measurement of the ICP

although emergency departments are rarely equipped with

the tools for this procedure. The clinical presentation of CS

is mainly in an acute-onset form, but a subacute and

sometimes chronic onset have also been described. In acute

forms, an early diagnosis is essential, before the muscle

damage becomes irreversible. In these cases, emergency

fasciotomy cannot be deferred, and is the only feasible

treatment to prevent a fatal outcome.

There are many causes of both acute and chronic CS

(Table 2). As shown by data in the literature, systemic

rhabdomyolysis rarely leads to a spontaneous CS exclu-

sively affecting both forearms, as observed in our patient.

The onset of a spontaneous CS is often associated with DM,

hypothyroidism, viral myositis, leukemic infiltration,

nephrotic syndrome, a ruptured aneurysm or cyst or pro-

longed use of anticoagulants. The patient was in treatment

with statins (simvastatin), at low doses, but in any case

immediate preventive suspension of the treatment was

judged advisable. Therapy with CoA inhibitors (statins) is

used as primary and secondary prevention of coronary

artery disease, as well as being strongly recommended in

the guidelines as the first choice treatment of hypercho-

lesterolemia. Although generally well tolerated and with

few side effects, such as headache and gastrointestinal

disorders, therapy with statins may be limited by side

effects on the skeletal muscle such as myalgia, and rarely

rhabdomyolysis. The risk of statins inducing a myopathy or

rhabdomyolysis seems to increase with age, dosage

([40 mg/day), DM, liver dysfunction, chronic renal failure,

a low BMI, hypothyroidism, alcohol consumption and the

use of other drugs (e.g., macrolides), which may alter the

pharmacokinetics in competition with cytochrome P 450

(CYP) 3A4 [2]. In fact, the percentage of muscle patholo-

gies seems to be correlated with high doses of statins (but

our patient was only taking low doses) and their plasma

Table 2 Causes of compartment syndrome

Reduction of hematic compartment

External compression

Tight clothes

Excessive traction on the leg fractures

Tight dressing

Mold

Increase in volume of the contents of compartments

Increased capillary leak (edema)

Trauma

Burns

Post ischemic reperfusion

Orthopedics

Muscle fatigue (tetany, tremors)

Snake bite

Injection of drugs in artery

Particular clinical conditions (nephritic syndrome)

Infectious causes (brucellosis, dengue, hantavirus)

Increase in capillary pressure

Exercise

Venous obstruction

Bleeding

Trauma

Hematological disorders (DIC, coagulation disorders)

Muscle hypertrophy

Other causes

Neoplastic infiltration

Popliteal cyst

Modified by Nau and Matsen (31–32)
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concentrations [3]. The underlying pathophysiological

mechanism is unknown and is probably multifactorial [4].

Several theories have proposed that statin myotoxicity may

be due to the depletion of intracellular cholesterol or to

interference with the oxidative phosphorylation pathway.

The precise mechanisms have yet to be fully defined. In

several studies, a 0.02 % risk of rhabdomyolysis for doses

of 20 mg/day of statins (simvastatin) has been reported (in

particular, these studies refer to simvastatin), 0.07 % for

doses of 40 mg/day and 0.3 % for doses of 80 mg/day. In

our patient, we believe that a decisive role was played by

the association with hypothyroidism, even if only subclin-

ical, given the values of TSH and FT4. Hypothyroidism is a

common cause of mild-to-moderate hyper-CPKemia. Only

in severe cases may severe rhabdomyolysis be observed.

Several cases of rhabdomyolysis-induced hypothyroidism

have been reported [5], but mostly precipitated by exercise.

Only rarely have cases of rhabdomyolysis induced by

statins been reported in the literature, but these patients

were not in treatment for an associated but probably

undiagnosed hypothyroidism [6]. In our patient, treatment

with thyroid replacement therapy resulted in complete

remission of symptoms. We conclude that hypothyroidism

probably triggered the systemic rhabdomyolysis and con-

sequent CS confined to the upper limbs, since the intro-

duction of thyroid replacement therapy resulted in a rapid

improvement of symptoms (about a week). In this case, CS

was due to the additive effect of different conditions. It is

very important to carry out screening of thyroid function

before starting statin therapy to reduce the risk of serious

complications. The subsequent reintroduction in our patient

of statin treatment after discharge at the previous dosages

did not induce any symptoms of muscle strain, as confirmed

by subsequent laboratory tests. Hypothyroidism is the most

common thyroid disease that often goes undiagnosed. From

the epidemiological point of view, it has the same fre-

quency as DM type II (approximately 5 % of the popula-

tion, and yet media interest in the two diseases is very

different) [7]. We justified the rare location of CS in the

upper limbs by the fact that the family of repetitive motion

disorders (RMD) also belongs to the category of sponta-

neous forms of CSs, namely those diseases (trauma disor-

ders, biomechanical muscle overload diseases,

occupational syndromes, hand–arm vibration syndrome,

overuse syndrome, etc.) resulting from excessive physical

strain that require an adequate period of rest and recovery;

all together, these account for 60 % of occupational dis-

eases. Our patient had been a shoemaker for many years.

The anatomical region under the greatest stress in this type

of manual activity is the anterior compartment of the

forearm.

The basic pathophysiological mechanisms underlying

the development of RMD are:

1. Muscle tension, that beyond certain limits can cause

circulation alterations and thus lead to metabolic and

degenerative diseases,

2. Repetitive motion,

3. A non-ergonomic posture causing excessive muscle

strain with possible spasm and compression of the

internal structures [8].

Physiologically, during exertion, the muscle volume

increases by 20–30 % of its initial volume. This is due to both

the mechanical effect of muscle contraction and to the pas-

sage of fluid from the vessels into the interstitium. When the

muscles are working in optimal perfusion and aerobic con-

ditions, the intra-muscular pressure (IMP) returns to normal

between contractions because there is a rapid reabsorption of

interstitial fluids. However, when the muscles are subjected

to excessive or repeated stress, in the absence of adequate

energy reserves or training for such physical effort, this may

result in a deficient reabsorption of interstitial fluids and

hence an increased muscle volume [9]. Normally, this pro-

cess promotes a physiological increase in muscle mass, as

occurs in the course of training. But if this process does not

occur in a linear, progressive manner, beyond a certain

critical threshold of adaptation, it can lead to a conflict

between the rigidity of the muscle-tendon aponeurosis on

one hand and the circulatory flow and muscle volume on the

other. This is more common in subjects with predisposing

factors of an anatomical (if the aponeurosis is too thick or too

stiff, or circulation or muscle alterations), metabolic

(decompensated DM, electrolyte imbalances), or mechani-

cal nature (as in our shoemaker). Under these conditions, a

minimal increase in muscle volume may be enough to cause

a massive increase in the IMP [10] leading to obstruction of

the microvessels and a delayed/blocked muscle perfusion.

The importance of screening

Prof Sabbà: In conclusion, the case we report demonstrates

the importance of serial screening both of CPK levels and

thyroid function before and during treatment with statins,

even if administered at low dosages, to prevent serious

musculo-systemic complications. Excessive, repeated

strain of the forearms established the local conditions for

the onset of a CS, an unusual condition that is rarely

observed in clinical practice.
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