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Abstract We report two cases of sudden cardiac death
(SCD) involving previously healthy bodybuilders who
were chronic androgenic–anabolic steroids users. In both
instances, autopsies, histology of the organs, and toxico-
logic screening were performed. Our findings support an
emerging consensus that the effects of vigorous weight
training, combined with anabolic steroid use and increased
androgen sensitivity, may predispose these young men to
myocardial injury and even SCD.
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Introduction

Athletes use androgenic–anabolic steroids (AASs) to
increase strength, lean body mass, and, in some cases, to
improve physical appearance [1]. To minimize the risk of
developing tolerance to any particular agent, AASs are
taken as a cocktail of different agents taken at one time [2].
In English-speaking countries, the process is called
“stacking.” Perhaps the most worrisome aspect of this
problem is its universality. Abuse of these agents is said to
be widespread amongst both amateur and professional

athletes [3]. According to the International Olympic
Committee, steroids account for more than 50% of positive
doping cases [4]. Although the topic is still being debated,
and most of the evidence is anecdotal, a consensus is
beginning to emerge that chronic AAS abuse may be asso-
ciated with an increased risk of sudden cardiac death
(SCD), myocardial infarction, altered serum lipoproteins,
and cardiac hypertrophy [5].

To further examine the relationship between AAS and
SCD, we report two cases of SCD that occurred in pre-
viously healthy bodybuilders taking AAS at the time of
death. In both cases, we were able to perform an autopsy,
histology of the organs, and toxicologic analysis.

Case reports

Case 1

A 29-year-old bodybuilder suddenly collapsed after dinner
in his apartment. He had a weight lifting workout at the
gymnasium a few hours before. Cardiopulmonary resus-
citation initiated by an emergency physician was un-
successful. According to friends of the deceased, he had
been taking anabolic steroids (testosterone, nandrolone,
and stanozolol) parenterally for several years mainly in
an effort to improve his appearance. Several glass vials
were found in his room and were labeled Winstrol
(stanozolol), Deca (nandrolone), Testoviron Depot, and
Andriol (testosterone).

At autopsy, the body weighed 72 kg, and the length was
166 cm [body mass index (BMI), 26.1]. The decedent had a
muscular build, and there were no external signs of injury.
Apart from the heart, all other organs were macroscopically
normal. The heart had a normal shape and weighed 380 g,
with a predicted weight of 304 g (range 215–429 g). The
coronary arteries were normal. The myocardium and the
valvular apparatus were normal. Both ventricular wall
thicknesses were normal. Samples of the atria and ven-
tricles (n=10) were taken, fixed in 10% buffered formalin,
and embedded in paraffin.
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Microscopic examination revealed numerous foci of
contraction band necrosis. There were two microfoci of
fibrosis, one in the subendocardial anterior left ventricle
and one in the interventricular septum. Segmentation of
the myocardial cells and/or widening of intercalated discs
and bundles of contracted myocardium alternating with
bundles of distended myocardium with granular disruption
of the myocytes were noted in all myocardial sections
(Fig. 1). Examination of the conduction system performed
according to Sheppard and Davies [6] was unremarkable.

The coronary arteries were normal along their entire
course, showing only the physiologic intimal thickening
typical of the subepicardial arterial vessels. The remainder
of the histological examination was unremarkable.

Case 2

A 30-year-old male, first an amateur, and later a com-
petitive bodybuilder, who worked out regularly at the
gymnasium, suddenly collapsed at home and was pro-
nounced dead by an emergency physician who does not
start cardiopulmonary resuscitation. He had a weight lifting
workout at the gymnasium a few hours before. In an
ashtray near the body, a 2-ml vial of nandrolone decanoate
was found along with a used 2.5-ml syringe. The apartment
contained a veritable arsenal of drugs, most of which fell
into the AAS category. All witnesses confirmed that the
subject had started using AAS approximately 6 months
prior to his death. Baseline blood tests, performed a few
days before death, were unremarkable except for a slight
increase in hepatic enzymes.

The body was that of a well-built man (weight 90 kg,
length 178 cm, and BMI=28.4). External examination
revealed a needle mark on the upper external part of the
right buttocks. The autopsy revealed abnormal muscle
development, testicular atrophy, and hepatomegaly. The

heart weight was 400 g. The wall thicknesses were normal.
Coronary arteries showed scattered fatty streaks.

Histopathologic examination of the heart revealed focal
myocardial fibrosis (Fig. 2); examination of the conduction
system performed according to Sheppard and Davies [6]
was unremarkable. The liver showed cholestasis and vas-
cular gaps compatible with the diagnosis of peliosis
hepatis [7].

Toxicologic examination

Case 1

Chemicals and reagents

All chemicals were analytical grade and were supplied by
Analyticals Carlo Erba, Milan, Italy. Bond Elut C18
bonded silica sorbent cartridges for solid-phase extraction
(SPE) of biological sample were supplied by Varian, Milan,
Italy. Nandrolone, 19-norandrosterone, etiocholanolone,
19-noretiocholanolone, 19-norepiandrosterone, stanozolol,
4-hydroxy-stanozolol, epitestosterone, testosterone, and
androsterone standards were supplied by Sigma and SA-
LARS, Como, Italy. Dichloromethane, methanol, and other
solvents were purchased from Fluka Chemie. Escherichia
coli β-glucuronidase was purchased from Boehringer
Mannheim.

Extraction

The extraction was performed according to the Varian’s
procedure for C18 Bond-Elut used in AAS separation from
urine samples. One milliliter of 0.1 M pH 6.0 phosphate
buffer was added to 5 ml of urine and then deposited on a
C18 (500 mg/3 ml) not end-capped cartridge, previously
conditioned with 5 ml methanol, 5 ml MilliQ water, and
2 ml 0.1 M pH 6.0 phosphate buffer in sequence. After
washing with MilliQ water (9 ml), 2 ml n-hexane was
eluted, and then the cartridge was dried under vacuum
(15 mmHg) for 2 min. Afterwards, the cartridge was

Fig. 1 Segmentation of the myocardial cells, widening of inter-
calated discs, and bundles of contracted myocardium alternating
with bundles of distended myocardium with granular disruption of
the myocytes (H & E ×250)

Fig. 2 Scar fibrosis (H & E ×100)
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washed with CHCl3/CH3COCH3 1:1 (v/v) (3 ml) and then
eluted with 6 ml methanol.

The organic fraction was dried under nitrogen at 45°C
and then dissolved with 1 ml freshly prepared 0.2 M pH 6.8
phosphate buffer.

Afterwards, the sample was subjected to enzymatic
hydrolysis with 50 μl E. coli β-glucuronidase (Boheringer
Mannheim) at 37°C overnight.

After cooling, 50 mg NaHCO3/K2CO3 (3:1, p/p) was
added, and then the mixture was extracted with diethyl
ether/hexane 2:3 (v/v) (3×2 ml). The organic fraction was
dried under nitrogen (40°C) and redissolved in 400 ml of
dichloromethane/methanol 95:5 (v/v) mixture and placed
on a Sephadex LH 20 column (previously prepared 0.7 mm
ID column-phase height about 15 cm corresponding to
about 1 g Sephadex). The elution was conducted with di-
chloromethane/methanol 95:5 (v/v) mixture, collecting
subsequent 2.3-ml fractions with a fraction collector (the
volume of the first fraction was 3 ml). Ten fractions were
collected, which were then dried under nitrogen and then
derivatized as trimethylsilyl (TMS) with N-methyl-N-
trimethylsilyl-trifluoroacetamide (MSTFA)/NH4I/dithioer-
ythritol 1,000:2:4 (v/p/p) mixture for 30 min at 70°C.

Instrumental analysis

From each sample, 1 μl was injected into a gas chroma-
tography/mass spectrometry (GC/MS) Hewlett Packard
6890/5973 system with the following conditions:

MDN 5S Supelco (5% phenyl, 95% polydimethylsilos-
sane) 30 m×0.25 mm column, with 0.25-μm phase thick-

ness; temperature program 100°C for 1 min, thermal
gradient 20°C/min to 180°C, 5°C/min to 240°C, and 20°C/
min to 310°C; injection technique splitless, injector tem-
perature 270°C, interface temperature GC/MS 300°C, scan
acquisition from 140 to 570 m/z.

Ethanol determination

The ethanol concentration in blood was determined by
head space/gas chromatography (HS/GC) method.

Results

Complete toxicologic examination was negative for drugs
of abuse, including ethanol, but multiple AASs were de-
tected by comparison of each spectrum with the instru-
ment’s National Institute of Standards and Technology
(NIST) Library. The positive results for nandrolone,
stanozolol, and their metabolites were confirmed with
AAS standards supplied by SALARS and Sigma. The
urine concentration was for nandrolone not measurable,
stanozolol 43 μg/l, and testosterone/epitestosterone ratio
(T/E)=28.7.

Case 2

Bond Elut C18 bonded silica sorbent cartridges for SPE of
biological sample were supplied by Varian; all analytical-
grade reagents were supplied by Analyticals Carlo Erba.

Table 1 The parent compounds and the major metabolites produced and excreted with the urine

Anabolic steroid Main excreted substance parent and/or metabolite Excretion in urine

Mesterolone 3αhydroxy-1αmethyl-5α-androstane-17one Conjugated
Metandienone 6β-hydroxy-metandienone Not conjugated
Methenolone Methenolone Conjugated

3αhydroxy-1methilene-5α-androstane-17one Conjugated
Nandrolone Norandrosterone (3αhydroxy-5α-estran17one) (5α-estran-3α-17one) Conjugated
Ossimetholone 17α-methyl-5α-androstane-3α-17β-diol Conjugated
Stanozolol Stanozolol Conjugated

4β-hydroxy-stanozolol Conjugated

Table 2 Toxicologic exam re-
sults in case 2

Sample analyzed Qualitative analysis Quantitative analysis Detection

Blood Nandrolone 19 ng/ml
Urine Norandrosterone 208.4 ng/ml
Urine Methenolone Negative 1 ng/ml
Urine Metandrostenolone (metabolite) Negative 1 ng/ml
Urine Mesterolone (metabolite) Negative 1 ng/ml
Urine Stanozolol and hydroxystanozolol Negative 1 ng/ml
Urine Oximetholone (metabolite) Negative 1 ng/ml
Urine T/E ratio 42 1 ng/ml
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Nandrolone, 19-norandrosterone, and methyltestosterone
standards were supplied by SALARS.

The samples for anabolic steroids analysis were
prepared according to [8]: 2 ml urine (2 ml blood+2 ml
H2O)+internal standard (250 μl methyltestosterone 10 ng/
ml), passed through in C18 elution with 2 ml of
methanol, and evaporated until dry. The residue was
dissolved in 1 ml of a 0.2-M sodium phosphate buffer
(pH 7), where 25 μl β-glucuronidase from E. coli was
added. The mixture was incubated for 2 h at 55°C. The
hydrolyzed product was cooled to room temperature, and
250 μl 7% potassium carbonate solution (pH 9–10) was
added. The mixture was extracted with 5 ml of diethyl
ether. The dried residue was derivatized with 50 μl
MSTFA/NH4I/dithioerythritol (1,000:2:4 v/w/w) for
30 min at 60°C.

Instrumental analysis

The analysis was carried out according to the procedure
described by J. Munoz-Guerra et al., Varian Application
Note n.60. Gas chromatography tandem mass spectrometry
assay. Varian 3400 gas chromatograph: flow rate, 1 ml/min;
oven program, 120°C hold 1 min; 20°C/min until 200°C;
3°C/min until 260°C; 10°C until 290°C, and hold for
5 min. Injector temperature was 280°C. Injection mode was
splitless, hold 1 min. Injection volume was 1 μl. Mass
spectrometer (MS) was filament 90 μAmps. Multiplier was
autotune +200 V, and the target was 5000. The following
ions were isolated for each compound: nandrolone2TMS
(parent ion m/z 418, CID excitation amplitude 1.4 V),
norandrosterone2TMS (NA) (parent ion m/z 405, CID
excitation amplitude 1.3 V).

Fig. 3 Urine extract, total ion
chromatogram and spectrum
GC-MS-MS of nandrolone
metabolite

Fig. 4 Blood extract, product
ion monitoring (GC-MS-MS) of
nandrolone (m/z 403, 313, 287)
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Results

Tests for narcotics, psychotropic drugs, and for ethanol
were negative. Screening for anabolic agents was done
using the examination procedure proposed by Karch [7]
(Table 1) and the results are summarized in Table 2. Urine
screening (Fig. 3) revealed the presence of norandroster-
one, and blood test was also positive for nandrolone
(Fig. 4). The total absence of hair in the whole body did not
allow the relevant tests to be carried out.

Discussion

In both cases, the morphologic findings are, in combination
with the toxicologic findings, sufficient to explain the
deaths as related to the cardiac effects of AAS abuse [7].

In both cases, blood and/or urine revealed the presence of
nandrolone and its principal metabolite (19-norandrosterone).

A thorough scene investigation documents the subjects’
use of stanozolol and nandrolone (presumably “nandrolone
decanoate” as found in the ashtray). Because the metabolite
was not normalized to the creatinine ratio, little can be
concluded about the urine concentration, but the values
found here are comparable to previously reported values
[9].

The high testosterone/epitestosterone ratio supports our
hypothesis that testosterone was the form of the abused
drug. Inhibition of natural androgens occurs secondary to
an inappropriate and prolonged use of anabolic hormones.
Alteration of testosterone metabolites was observed in
both cases. This alteration consists of an abnormally high
epitestosterone/testosterone ratio (1:6), suggesting repeated
consumption of natural androgens, like dehydrotestoster-
one (DHT) and dehydroepiandrosterone (DHEA) or, more
likely, of testosterone, the active ingredient of “Testoviron
Depot” and “Andriol.” However, little is known about the
postmortem redistribution of AAS; therefore, no absolute
conclusions can be drawn.

If DHT had been taken, it should have caused a pro-
portional increase in the concentration of the 5α, 3α
fractions and of androstenediol (AR), very different from
what was observed in the first case.

Chronic AAS abuse results in different patterns of
pathologic alterations that depend on dose, frequency, and
mode of use. The latency of subacute or chronic effects
(multiple-dose treatments) can be the result of either ac-
cumulation of the drug or the sum of subtoxic effects that
over time may show up in obvious clinical symptoms
unrelated to the kinetics of the substance in question.

Hepatic diseases in athletes and bodybuilders after
abusing AAS have been reported. Hepatic injury, including
cholestasis, peliosis hepatis, hyperplasia, and tumors, have
been attributed to abuse of the 17α-alkylated AAS [10]. In
the present case, cholestasis injury induced by AAS
consisted mainly of bile accumulation in the cytoplasm
of the liver cells and of bile casts in canaliculi, but without
evidence of inflammation or necrosis [11]. Peliosis hepatis
is defined as cystic blood-filled spaces in the liver. Micro-

scopic peliosis hepatis is often confused with extreme
sinusoidal dilatation or with evacuation of the liver cell
plates, a lesion seen after zonal hepatocellular dropout but
without loss of the normal reticulin fibers. To be called
peliosis hepatis, lesions should have evidence of rupture of
these fibers [12]. In our case, lesions were randomly
distributed without zonal preference.

The available literature examining the cardiovascular
effects of AAS share some common features. Abuse of
AAS can induce alterations in lipoprotein metabolism that
may predispose to myocardial infarction [13]. The presence
of androgen receptors in human cardiac myocytes in both
sexes and the fact that androgens can directly mediate a
significant hypertrophic response in cardiac myocytes have
been demonstrated [14]. Vascular endothelial cells may be
directly affected by AAS, which may result in vasospasm
[5]. Moreover, the fact that abusers take a bewilderingly
large number of steroid products, in various forms, singly
and in different temporal combinations and sequences,
makes interpretation of pathologic findings extremely
difficult [15]. In the present cases and in all but one of
the published reports [16], the coronary arteries were free
of atheroma, and there was no evidence of thrombi [17].

We did not find myocardial hypertrophy; therefore, we
were unable to confirm the suggestion that AAS toxicity is
manifested mainly as myocardial hypertrophy [9]. It has
recently been proposed that body builders taking AAS
experience sustained increases in heart rate and blood
pressure that may result in compensatory hypertrophy of
the left ventricular wall [18], but it is unclear how one
would distinguish hypertrophy due to AAS and hypertro-
phy due to exercise itself. The proportion of these increased
physiological parameters attributable to AAS, as opposed
to that resulting from the exercise itself, is unclear, and
three recent studies of bodybuilders taking AAS did not
demonstrate significant cardiac hypertrophy [18, 19]. It is,
however, agreed that when AAS abuse is coupled with
intense exercise training, concentric hypertrophy of the left
ventricular wall and impaired diastolic function may result
[18]. Drug-free vigorous weight training will also increase
left ventricular wall thickness and mass but will not hinder
cardiac function. However, when combined with anabolic
steroids, cardiac hypertrophy could become pathologic
[20].

There are additional steroid-related pathophysiologic
mechanisms that might have played a role in causing the
cardiac pathology noted here. Four hypothetical models of
how AAS abuse might induce adverse cardiovascular
effects (atherogenesis, thrombosis, coronary artery vaso-
spasm, and direct injury models) have been proposed [5].
Our findings were consistent with the direct injury model.
Indeed, the heart expresses androgen receptors and would,
therefore, be directly influenced to some degree by AAS
[5]. We have previously reported focal myocardial necrosis
in AAS users [17], namely, coagulative myocytolysis (or
contraction band necrosis) [21], typical of catecholamine
myocytotoxicity [22], linked with ventricular fibrillation
and sudden death [23]. The described focal fibrous area
could be interpreted as the healing phase, with progressive
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collagenization ending in a fibrous scar of previously focal
myocell necrosis [18]. From these findings, it can be
concluded that anabolic steroids and exercise lead to a
stimulation of the sympathetic nervous system. Recently, it
has been described that the combined effect of exercise and
anabolic steroids causes an overstimulation followed by a
transient functional and structural destabilization of the
sympathetic axon terminals; the transient destabilization of
sympathetic axon terminals could be suggested as a reason
for increased vulnerability to ventricular fibrillation [24].
Our cases support the hypothesis that the combined effects
of vigorous weight training, anabolic steroid use, and
androgen sensitivity may have predisposed these young
men to myocardial injury and subsequent SCD [20].

We would reinforce the warning against use of these
drugs by athletes and heightened surveillance for AAS-
related death that may be underrecognized and under-
reported in the medical literature [25, 26].
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