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Abstract We describe the case of a 23-year-old gentle-
man who developed a severe generalised necrotising myop-
athy. Initially presenting with features of a virus-induced
polymyositis, both symptomatic and biochemical improve-
ments were initially achieved with glucocorticoid-based
immunosuppression. Subsequently he represented with evi-
dence of severe generalised rhabdomyolysis (creatinine
kinase peaking at 210,000 U/L). Rendered anuric from the
myogloburic assault, he required intensive care support
from the development of multi-organ failure. Subsequent
investigations failed to demonstrate an infective, inflamma-
tory, metabolic or inherited aetiology. Muscle biopsy dem-
onstrated severe generalised necrotising myopathy in the
notable absence of inflammation. Confidential discussion
with the patient and relatives confirmed a suspicion of ana-
bolic androgenic steroid (AAS) abuse. There is limited lit-
erature as to the toxic effect of AAS compounds on muscle
tissue, and these tend to focus on localised disease. Indeed,
AAS have consistently been shown in animal models to
produce a generalised myotrophic state. Apart from the
social uses of such compounds, the scope for their super-
vised use in various medical conditions has been estab-
lished since the 1960s.

A 23-year-old gentleman, with an unremarkable medical
history presented with a 1-week history of coryzal symp-
toms and generalised myalgia. A reduced quantity of dark
urine production was also noted, and there were no features
of autoimmune disease. Born in Sri Lanka, there was no
recent history of foreign travel and no significant family his-
tory. He denied the use of recreational drugs, and only occa-
sionally used alcohol modestly. On physical examination he
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was found to be a well-muscled gentleman, with a painful
proximal myopathy of both the upper and lower limbs;
otherwise, the examination was grossly unremarkable.

Creatinine kinase (CK) on admission was 28519 U/L.
With a preceding history of an upper respiratory tract
infection, a clinical diagnosis of polymyositis and rhabdo-
myolysis was made. Supportive therapy was directed.
Immunosuppression was introduced with prednisolone
80 mg od. Admission investigations failed to demonstrate
an infective or inflammatory aetiology (Table 1). Intrave-
nous methylprednisolone (1 g/5 days) was introduced to
which he symptomatically improved, as did his markers of
rhabdomyolysis. An in-patient electromyelogram and
muscle biopsy was performed (detailed later); and he was
subsequently discharged on prednisolone 60 mg od. CK
upon discharge was 13652 U/L.

Three days later he represented with a recurrence of
severe generalised myalgia and weakness. CK on represen-
tation was 52459 U/L. Intravenous methylprednisolone was
again utilised. He subsequently developed a progressive
weakness affecting the larynx and was transferred to the
Intensive Care Unit (ICU) due to concerns over his airway
patency. A CT scan of the chest revealed no neck or medi-
astinal mass. Due to a worsening metabolic acidosis sec-
ondary to renal failure, and fatiguing of the respiratory
muscles he was electively intubated and ventilated.

This gentleman had a protracted admission to the ICU
for 37 days. Supportive cardiovascular, respiratory, renal
and gastrointestinal care was required. He remained
dependent on dialysis due to renal failure secondary to
rhabdomyolysis. CK continued to rise to a maximum of
210,000 U/L. Methylprednisolone was stopped, and hydro-
cortisone introduced to avoid further myelotoxicity. His
ICU admission was associated with several line and chest
associated septic episodes; as well as the development of
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the Acute Respiratory Distress Syndrome (ARDS). He
developed several episodes of large bowel obstruction
which required decompression with sigmoidoscopy and/or
rectal tube insertion. There was no obvious lesion or volvu-
lus seen upon endoscopy, or electrolyte inbalance to
explain these repeated episodes. Of interest, his serum was
noted to be hypertriglyceridemic several times; this was
repeated off propofol which is known to have high triglyc-
eride content.

On Day 37 of his ICU admission, he developed signs of
recurrent obstruction with an increasingly distended abdo-
men. This compromised his ventilation, and was associated
with a worsening metabolic acidosis. With the suspicion of
an ischaemic event to the bowel he underwent an emer-
gency laparotomy. A perforated gastric ulcer with perito-
neal faecal soiling was seen, in addition to small bowel
ischaemia. The patient suffered a cardiac arrest which was
unresponsive to advanced cardio-pulmonary resuscitation
intra-operatively.

We propose that this gentleman’s extreme rhabdomyoly-
sis is secondary to anabolic androgenic steroid (AAS) use.
Throughout the course of this case an aetiological factor was
sought. His initial presentation was clinically consistent with
a viral polymyositis, with a history of a preceding upper
respiratory tract infection. Admission investigations did not
support the diagnosis of an infective (Table 1) or inflamma-
tory process (RF, ANA, ANCA negative). He did, however,
improve clinically and biochemically following the intro-
duction of steroids and supportive treatment. A bacterial or
viral aetiology was excluded (Table 1), as was an inflamma-
tory/auto-immune disease. Metabolic markers were not
consistent with an underlying pathology to account for this
gentleman’s extreme rhabdomyolysis (Table 1).

Nerve conduction studies demonstrated normal sensory
and motor conduction from both the upper and lower limbs.
The electromyelogram, however, showed myopathic
changes in all the muscles sampled with evidence of an

acute inflammatory process. Subsequent muscle biopsy
revealed no evidence of inflammatory myositis, inclusion
body myositis, dermatomyositis, metabolic or mitochon-
drial myositis; only muscle fibre necrosis in the notable
absence of inflammation (Fig. 1).

Standard urinary drug screen was negative including
MDMA (Table 1). A urinary anabolic screen was consid-
ered too late in the diagnostic process. A transthoracic
echocardiogram was performed to delineate the cause of a
raised troponin (likely due to renal failure); this demon-
strated left ventricular hypertrophy, which in a young indi-
vidual may represent anabolic androgenic steroid use.
Confidential discussions with both the patient’s family and
friends confirmed the suspicion of anabolic steroid use. It
would appear he had become interested in the social appli-
cations of anabolic steroid use, and his physique had sig-
nificantly changed in the last year. Direct questioning of the
patient prior to his death produced a severe stress response.

Muscle is an exceptionally sensitive tissue to toxins and
drugs due to its high metabolic rate and various points of

JP

Fig. 1 Muscle biopsy—see Table 1

Table 1 Summary of signifi-

cant investigations Haematology (admission)

Biochemistry (admission)

Microbiology/virology

Urinary drug screen
EMG/NCS

Muscle biopsy
Picture 1

CRP < 5 mg/L, ESR < 10 mm/h

TFTS normal, urea and electrolytes,
liver function tests normal

ACE normal

Viral tites including entero IgM (Coxsackie A/B, Echo),
polio- Not diagnostic

HIV antibody, p24 -ve (admission)

HbsAg, Hep C antibody testing -ve

Blood cultures on admission and representation -ve

As per hospital protocol -ve including MDMA, cocaine
Described in the text

As detailed in text and picture

Pale necrotic fibre with several hypereosinophilic
hypercontracted fibres
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interaction [1]. The wide spectrum of disease caused by
drugs and toxins include myalgia and myopathy to myosi-
tis, rhabdomyolysis and acute renal failure. Drug induced
myopathies represent a distinct subgroup of myopathies
that differ in terms of their pathological mechanisms [2].
This group of disorders is of great interest to the clinician as
the disease progress may be limited or reversed by treat-
ment of the underlying cause [3]. Toxic myopathies also
serve as excellent experimental models in relation to mus-
cle research. Toxic myopathies may be divided into six
groups [2]. These are necrotizing myopathy, vacuolar
myopathy, inflammatory myopathy, mitochondrial myopa-
thy, steroid myopathy and hypokalaemic myopathy [2].

Body-builders, athletes and other sporting professions
have used anabolic steroids for several decades as an aid to
build muscle mass and strength [4]. Anabolic androgenic
steroids (AAS) achieve a supra-physiological testosterone
state, prolonging its action in vivo [5]. AAS have a wide
physiological range of action. AAS use is associated with
numerous side effects which are in general a dose-related
phenomenon; therefore, it is the groups which use these in
large doses that are most susceptible. These include mascu-
lination in women and children, hepatic and lipid impair-
ment and behavioural changes such as aggression [5].
Anabolic steroid use is well associated with the develop-
ment of left ventricular hypertrophy [7].

The beneficial use of anabolic steroids in medicine is a
developing area of clinical interest [6]. These include HIV-
related muscle wasting, as well as other catabolic disease
states such as chronic obstructive airway disease [5] and the
prevention glucocorticoid induced myopathy. Other condi-
tions of note include hereditary angioedema, and certain
growth failure syndromes in children. The use of AAS
should be undertaken with extreme care by medical profes-
sionals, with vigilance to the development of side-effects.

In regard to muscle disease, AAS is associated with a
myotrophic state. The published literature suggests an asso-
ciation between localised rhabdomyolysis such as the tricep
and deltoid muscles, and the use of AAS [7, 8]. In these
cases muscle pain was associated with rhabdomyolysis;
however, the development of renal failure was averted with
supportive measures including optimisation of fluid balance
and forced alkaline diuresis. Research using animal models
has demonstrated that anabolic steroids induce apoptosis on
differentiated skeletal muscle [9].

The muscle biopsy in this patient demonstrated evidence
of extensive necrotising myositis. This is usually associated
with drug therapy such as fibrates and statins [2]; however,
as described anabolic steroids may cause both local and
generalised muscle disease.

Therefore in conclusion we propose by the exclusion of
other potential aetiological causes, this gentleman’s extensive
necrotising myositis, and resulting severe rhabdomyolysis is a
manifestation of anabolic androgenic steroid toxicity. There
is limited literature as to the potential toxic effect of andro-
genic anabolic steroids on differentiated skeletal muscle, apart
from a few case reports which describe localised myopathy.
Animal models have indeed demonstrated the ability of such
agents to induce a generalised myopathic state. The poten-
tially beneficial effects of androgenic anabolic steroids in a
medical setting have been well recognised since the 1960s.
There appears to be an increasing amount of published litera-
ture in regards to emerging areas to which these compounds
may be suitable. This case also serves to highlight the toxic
effects of such agents, and why these should be prescribed
and monitored by a medical practitioner.

Acknowledgments Dr DG O’Donovan and KM Kurian, Consultant
Neuropathologists for providing muscle biopsy photograph.

References

1. Walsh RJ, Amato AA (2005) Toxic myopathies. Neurol Clin
23(2):397-428

2. Coquet M, Bannwarth B, Henin D (2001) Drug-induced and toxic
myopathies. Rev Prat 51(3):278-283

3. Sieb JP, Gillessen T (2003) Iatrogenic and toxic myopathies.
Muscle Nerve 27(2):142-156

4. Pascuzzi RM (1998) Drugs and toxins associated with myopathies.
Curr Opin Rheumatol 10(6):511-520

5. Shahidi NT (2001) A review of the chemistry, biological action, and
clinical applications of anabolic-androgenic steroids. Clin Ther
23(9):1355-1390

6. Kicman AT (2008) Pharmacology of anabolic steroids. J Pharmacol
154(3):502-521

7. Goubier JN, Hoffman OS, Oberlin C (2002) Exertion induced rhab-
domyolysis of the long head of the triceps. Br J Sports Med
36(2):150-151

8. Farkash U, Shabshin N, Pritsch M (2009) Rhabdomyolysis of the
deltoid muscle in a bodybuilder using anabolic-androgenic steroids:
a case report. J Athl Train 44(1):98-100

9. Abu-Shakra S, Alhalabi MS, Nachtman FC, Schemidt RA, Brusi-
low WS (1997) Anabolic steroids induce injury and apoptosis of
differentiated skeletal muscle. J Neurosci Res 47(2):186-197

@ Springer



	Anabolic androgenic steroid induced necrotising myopathy
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


