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TOXIC MYOPATHIES

Muscle biopsy features
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Paulo José Lorenzoni, Lineu César Werneck 

ABSTRACT - Several drugs and toxic substances can cause muscular abnormalities and are frequent causes
of acquired myopathies. We present a series of 32 patients, predominance of young adult patients, diag-
nosed with toxic myopathy. The most common substances inducing myopathy were corticosteroids (56.2%)
followed by the propoxyphene, neuroleptics, zidovudine and drug-induced hypokalemia. The investiga-
tion showed normal serum creatine kinase levels in 65.4%, myopathic pattern of the needle electromyo-
graphy in 40% and the more frequent histological diagnosis of the muscle biopsy was type 2 fiber atro-
phy (59.3%). Clinical features, etiology, course of the disease, serum levels of muscular enzymes, elec-
tromyographic features and, especially, muscle biopsy features are discussed.
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Miopatia tóxica: biópsia muscular

RESUMO - Diversos medicamentos e substâncias tóxicas podem causar alterações musculares e são causas
freqüentes de miopatia adquirida. Apresentamos uma série de 32 pacientes, predomínio de pacientes adul-
to jovens, com miopatia tóxica. As substâncias mais relacionadas com a miopatia foram os corticosteróides
(56,2%) seguidos pelo propoxifeno, neurolépticos, zidovudina e drogas indutoras de hipocalemia. A inves-
tigação mostrou níveis normais de creatino quinase sérica em 65,4%, eletromiografia de agulha com padrão
miopático em 40% e o mais freqüente diagnóstico histológico da biópsia muscular foi atrofia de fibras do
tipo 2 (59,3%). As manifestações clínicas, etiologia, tempo de evolução, nível sérico das enzimas muscu-
lares, alterações da eletroneuromiografia e, especialmente, da biópsia muscular são discutidos.

PALAVRAS-CHAVE: miopatias, drogas, miopatia iatrogênica, miopatia tóxica, biópsia muscular.

A variety of drugs and toxic agents may produce
muscular changes. Muscular aggression depends on
individual susceptibility, dosage and affinity of the
toxic agent for the muscle1-5. The dosage and the time
of administration of the substance are fundamental
to establish a possible causal relationship with the
myopathy1-4. 

The objective of this retrospective study was to
analyze the etiology, evolution time, serum muscu-
lar enzymes variation, electromyographic features
and muscular biopsy features in a series of patients
suffering from of toxic myopathies (TM).

METHOD
A retrospective analysis of 4200 muscle biopsies per-

formed at the Service of Neuromuscular Diseases, Division
of Neurology, from January 1978 to July 2006 disclosed 32
patients with a diagnosis of TM. Relevant data, including

clinical evaluation, age, sex, course of the disease, serum
muscle enzymes levels, needle electromyography, and his-
tological/histochemical aspects of the each muscle biopsy,
were collected. 

All patients had generalized or proximal weakness and
a history of contact with either a drug or a toxic agent pri-
or to the development of myopathy2. The time of progres-
sion of the disease was considered as the interval between
the beginning of myopathic symptoms and the definitive
diagnosis by muscle biopsy. 

Abnormal serum levels of the muscle enzymes (creatine
kinase and aldolase) were registered as a proportion reflect-
ing their increase above normal limits. The needle elec-
tromyography (EMG) pattern was classified as normal, myo-
pathic, denervation and mixed (myopathic with denerva-
tion findings) according to standard procedures6. Muscle
biopsies were frozen in liquid nitrogen and cryostat sec-
tions were stained histologically, also according to stan-
dard procedures7.

All studies were done following informed consent.
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RESULTS
The sample consisted of 32 patients (19 female and

13 male), aged 10 to 72 years, showing a predomi-
nance of young adult patients in this series (19 patients
with age between 15 and 40 years). The time of the
progression of the disease varied between one day and
12 years, with a mean time of 29 months (Table 1). 

The drugs that more frequently induced muscle

changes in our group were corticosteroids in 56.2%.
In the other patients the myopathy was reported to
propoxyphene intramuscular injections (6.2%),
haloperidol (6.2%), hypokalemia induced by furose-
mide or propylthiouracil (6.2%), zidovudine (6.2%),
epsilon aminocaproic acid (3.1%), chloroquine (3.1%),
phenytoin (3.1%), organophosphates (3.1%), silicone
mammary implants (3.1%) and azathioprine (3.1%). 

Table 1. Description of the 32 cases.

Age 

(years)

Sex Evolution 

time

Substances Cause of the use CK / AL * EMG Muscle biopsy

1 24 F 6 months propoxifene IM arthralgia N / N D Inflammatory myopathy

2 43 M 8 months propoxifene IM gout N / N MP + D Inflammatory myopathy

3 56 M 24 months prednisone (C) arthritis 1 / N MP Type 2 fiber atrophy 

4 39 F 36 months prednisone (C) myalgia N / N MP Normal

5 15 M 11 months dexamethasone (C) pain 1 / N MP + D Type 2 fiber atrophy 

6 64 M 12 months prednisone (C) arthralgia N / N N Type 2 fiber atrophy 

7 29 F 60 months prednisone (C) myalgia N / N ND Type 2 fiber atrophy

8 35 F 72 months prednisone (C) arthritis N / N MP Type 2 fiber atrophy 

9 43 M 36 months prednisone (C) arthralgia N / N MP Type 2 fiber atrophy

10 24 F 12 months prednisone (C) arthritis N / N MP Type 2 fiber atrophy 

11 34 F 6 months prednisone (C) lymphoma ND/ 1,2 ND Type 2 fiber atrophy

12 30 M 5 months prednisone (C) aplastic anemia N / N N Type 2 fiber atrophy

13 44 F 48 months prednisone (C) depression N / N N Type 2 fiber atrophy

14 28 F 60 months prednisone (C) myalgia ND / ND MP Type 2 fiber atrophy

15 43 F 144 months prednisone (C) arthralgia N / N N Type 2 fiber atrophy

16 15 F 1 month EACA thrombocytopenia 100 / ND ND Acute myopathy

17 38 F 96 months chloroquine malaria N / N N Mitochondrial myopathy

18 15 M 60 months phenytoin seizures ND / ND ND Recent and chronic 

denervation

19 46 M 6 months organophosphate poisoning 1,1 / 1,1 MP + D Normal

20 30 M 1 month haloperidol (NL) psychosis 24 / 7,4 D Normal

21 25 F 6 months haloperidol (NL) psychosis 15,3 / ND ND Type 2 fiber atrophy

22 28 M 72 months azathioprine aplastic anemia ND / ND MP Recent and chronic 

denervation

23 41 M 4 months zidovudine HIV 60 / ND MP + D Type 2 fiber atrophy

24 21 F 1 day furosemide (H) psychosis N / ND D Active myophathy

25 55 F 24 months prednisone (C) MCTD 120 / ND N Type 2 fiber atrophy

26 10 F 2 months prednisone (C) arthralgia N / ND N Type 2 fiber atrophy

27 48 M 8 months dexamethasone (C) asthma 6 / ND MP Type 2 fiber atrophy

28 37 F 12 months propylthiouracil (H) Graves’ disease N / ND MP Myophosphorylase 

deficiency

29 24 F 7 days prednisone (C) aplastic anemia N / ND MP Type 2 fiber atrophy

30 47 F 36 months silicone SMI ND / ND ND Amyloid deposit

31 33 F 36 months prednisolone (C) myalgia N / N MP + D Type 2 fiber atrophy

32 72 M 24 months zidovudine HIV ND / ND ND Mitochondrial myopathy

CK, creatine kinase; AL, aldolase; *number of times (proportion) serum levels were increased above the normal limit; EMG, needle electromyography;
F, female; M, male; IM, intramuscular injections; EACA, epsilon aminocaproic acid; (C), corticosteroid; (NL), neuroleptic; (H), hypokalemia; HIV, human
immunodeficiency virus; MCTD, mixed connective tissue disease; SMI, silicone mammary implant; MP, myopathic pattern, D, denervation pattern; N,
normal; ND, not done.
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Creatine kinase (CK) evaluation was performed
in 26 patients and aldolase (AL) in 19 (Table 1). Serum
CK levels varied from one up to 10 times normal lev-
els in 15.4%, 11 to 50 times in 7.6%, were greater
than 50 times in 11.6% and were normal in 65.4%.
Serum AL levels were increased in 10.5% and normal
in 89.5%.

The EMG pattern, observed in 25 patients, was
myopathic in 40%, neurogenic in 12%, mixed in 20%
and normal in the remaining 28% (Table 1). The EMG
reveals myotonic discharges in two patients with myo-
pathic pattern (case 22 and 29).

The commonest abnormalities found in muscle
biopsies were: variability of the diameter of muscu-
lar fibers (100%), type 2 fiber atrophy (93.7%), atro-
phic angulated fibers in NADH (28.1%), focal increase
of NBT granules (28.1%), increased size of motor
plate in nonspecific esterase (18.7%), focal increase
into fiber in acid phosphatase (18.7%) and alkaline
phosphatase interstitial increase (18.7%) (Table 2 /
Fig 1). The histological diagnose were reported as:
type 2 fiber atrophy (59.3%), recent and chronic den-
ervation (6.25%), inflammatory myopathy (6.25%),
mitochondrial myopathy (6.25%), active myopathy
(3.1%), acute myopathy (3.1%), myophosphorylase
deficiency (3.1%) and amyloid deposit in interstitial
tissue (3.1%) (Fig 1). Some samples were diagnosed
by histology as normal.

In the patients with muscular changes related to
corticosteroids, the commonest findings were a mean
time of progression of 33 months, normal levels of
CK serum (75%), normal levels of AL serum (92.3%)
and EMG with myopathic pattern (50%).

DISCUSSION

Some times is difficult separate the muscle abnor-
malities due to the drugs used from the basic disease.
In this study the agents more commonly related with
myopathy were corticosteroids that can be associat-
ed either with acute or chronic myopathy; the latter
was more common as had also been reported in oth-
er series1,3,8,9. This form of myopathy can occur in up
to 60% or more of patients in chronic use of corti-
costeroids3. In the majority of these cases muscular
biopsy reveals nonspecific type 2 fiber atrophy,
according to our findings1,3,4. However, the patho-
genesis behind such morphological abnormalities is
not fully understood yet1,3,4. 

The time of the progression of the disease demon-
strated a predominance of chronic over acute cases
in our series. Other drugs or toxics agents, as statins
or alcohol, was not found in our series, possibly be-

Table 2. Histological and histochemical abnormalities in mus-

cle biopsy (n=32).

Abnormalities Cases

Hematoxylin-eosin and modified Gomori-trichrome

Connective tissue proliferation

Necrosis

Phagocytosis

Hypercontractile fibers

Diffuse inflammatory infiltrate

Variability of muscular fibers diameter

Large agglomerations of atrophic fibers

Atrophic rounded fibers dispersed

Nuclear clumps

Granular fibers (ragged reds)

Vacuoles

Amyloid deposis in interstitial tissue

3 (9.3%)

4 (12.5%)

4 (12.5%)

1 (3.1%)

2 (6.2%)

32 (100%)

5 (15.6%)

2 (6.2%)

3 (9.3%)

2 (6.2%)

4 (12.5%)

1 (3.1%)

NADH – tetrazolium reductase

Atrophic angulated fibers

Moth-eaten fibers

Focal increase NBT granules

Type grouping

9 (28.1%)

4 (12.5%)

9 (28.1%)

1 (3.1%)

ATPase (pH 9.4, 4.6 and 4.3) 

Type 1 fiber atrophy

Type 2 fiber atrophy

Type 2 fiber predominance

2 (6.2%)

30 (93.7%)

4 (12.5%)

Nonspecific esterase

Motor plate-increased size

Atrophic angulated fibers

Interstitial activity in mononuclears

6 (18.7%)

6 (18.7%)

1 (3.1%)

Acid phosphatase

Focal increased into fibers

Interstitial isolated mononuclear cells

Phagocytes near or in necrotic fibers

6 (18.7%)

2 (6.2%)

1 (3.1%)

Alckaline phosphatase

Interstitial increase 6 (18.7%)

Oil red O

Type 1 fiber increased 3 (9.3%)

Succinic dehydrogenase

Sub-sarcolemal accumulation 5 (15.6%)

Cytocrome C-oxidase

Subsarcolemal accumulation 2 (6.2%)

Siryus red

Interstitial tissue increase 2 (6.2%)

Congo red

Amyloid deposis in vessel and interstitial tissue 1 (3.1%)

Cresyl violet

Metachromatic material 1 (3.1%)

Myophosphorylase

Deficiency 1 (3.1%)
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cause muscle biopsy was not necessary for the TM
diagnose.

Serum levels of muscle enzymes were normal in
the majority of our patients, similar to the findings
of the others studies1-3,9. Therefore, we believe that
normal levels of CK or AL do not exclude the diag-
nosis of TM. Despite the fact that myopathic pattern
is the most common abnormal finding in EMG, a nor-
mal EMG does not exclude the possibility of the TM

either, since EMG studies were normal in 28% of our
patients6. Other EMG abnormalities, namely dener-
vation and mixed pattern did not preclude the diag-
nosis of TM on clinical grounds6. 

The propoxyphene, neuroleptics (haloperidol),
drug-induced hypokalemia and zidovudine were
responsible for two cases of myopathy each. Intra-
muscular injection of propoxyphene induces local
damage7,10,11. The myopathies caused by intramuscu-

Fig 1. Histological and histochemical abnormalities in muscle biopsy: (A) selective atrophy of the type 2 fibers (case

29; ATPase pH 9.4); (B) type 1 fiber with lipid accumulation (case 23; Oil red O); (C) interstitial tissue increase (case

2; Siryus red); (D) fibers with simple necrosis (case 24; Hematoxylin-eosin); (E/F) fibers with simple necrosis (case 24;

modified Gomori-trichrome); (G) phagocytes near or in necrotic fibers (case 24; Acid phosphatase); (H) amyloid depo-

sis in vessel (case 30; Congo red); (I) metachromatic material in vessel and interstitial tissue (case 30; Cresyl violet);

(J) ragged red fiber (case 32; modified Gomori-trichrome); (K) acute myopathy (case 16; Hematoxylin-eosin); and,

(L) agglomerations of atrophic fibers (case 22; Hematoxylin-eosin). Bar: 50 µm.
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lar injections are due to repeated needle trauma as
well as nonphysiologic acidity or alkalinity of the
injected agent1,6,12. Neuroleptics can induce a myopa-
thy with high levels of CK that is different of the neu-
roleptic malignant syndrome13. Serum CK levels may
increase in as many as 10% of patients treated with
atypical antipsychotic drugs14. Blockade of the sero-
tonin 5-HT receptors on the sarcolemma is probably
behind this type of TM14. Drug-induced hypokalemia
may produce a reversible vacuolar myopathy, gener-
ally as a consequence of prolonged potassium serum
levels below 2 mmol/L15. The exact mechanism which
hypokalemia leads to muscle damage is unclear15.
Propylthiouracil can also cause myopathy, although
it is not well-established the role of hypokalemic or
some other mechanism1.

The others cases of myopathy in our series were
related to chloroquine, phenytoin, epsilon amino-
caproic acid (EACA), organophosphate poisoning and
azathioprine. Chloroquine can cause myopathy by
increasing the activity of certain lysosomal enzymes
in skeletal muscle, when used with daily dosages of
500 mg for one year or longer16. Phenytoin may cause
a hypersensitivity reaction characterized by fever,
rash, lymphadenopathy, eosinophilia and inflamma-
tory myopathy17. In our patient, the absence of such
features in the muscle biopsy was probably due to
the prolonged time of the progression of the disease
(5 years). EACA is related with myonecrosis and myo-
globinuria, as result of acquired carnitine deficien-
cy2,18. Organophosphates inhibit irreversibly an acetyl-
cholinesterase enzyme resulting in accumulation of
acetylcholine at the neuromuscular junction, thus
leading to increased sodium and calcium entry into
muscle cells and, ultimately, muscle damage1,19. 

In one HIV positive patient the myopathy was
related to zidovudine and the biopsy disclosed type
2 fiber atrophy, but this type of abnormalities also is
common in the HIV patients20. This reversible, dose-
related myopathy occurs in up to 20% of patients
treated with zidovudine21. Mitochondrial myopathy
by zidovudine was found in other HIV positive pa-
tient. The zidovudine can cause mitochondrial dys-
function, resulting from drug-induced inhibition of
the mitochondrial DNA polymerase1.

One of our patients presented with myopathy fol-
lowing chronic use of azathioprine. It is known that
some drugs used by patients with hematologic ill-
nesses and those submitted to bone marrow trans-
plant (BMT) are myotoxic in nature22. Jain reported
a patient who presented with myopahty after BMT
and chronic use of azathioprine22. Even though amy-
loid deposits in patients with silicone gel mammary

prosthesis, as in case 30, are per se a rare finding,
there is no previous description of myopathy due to
amyloid deposit in such patients1-5,22,23. 

The TM are a heterogeneous group of illnesses
with different mechanisms of aggression to the mus-
cular fiber. Neither an increase in the serum levels of
CK and AL, nor abnormal findings in EMG studies are
obligatory for the diagnosis of TM. The findings of
muscle biopsy, in the majority of cases, are nonspe-
cific and the causal relation must be established based
on a history of exposition to the myotoxic agent.
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