
Abstract The case of sudden cardiac death of a 23-year-
old body builder who used anabolic steroids combined
with other performance enhancing drugs is reported. Post-
mortem investigations revealed cardiac hypertrophy, acute
cellular necrosis and interstitial fibrosis of the myocardi-
um. The side-effects and interactions of the substances
used are discussed.
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Introduction

Anabolic-androgenic steroid abuse is widespread among
athletes in sports requiring increased strength, body weight
and cardiovascular fitness [33, 50, 51]. The real incidence
is hard to evaluate but results of the National Household
Survey on Drug Abuse indicated that more than 1,000,000
Americans are current or former users [58, 59]. In Ger-
many, the estimated number of juvenile users is about
100,000 [42]. Body builders reportedly use up to 4-10
times the recommended medical dose of such agents, often
in combination with other stimulants and diuretics. Drug
abuse in sports may be supported by underground books
and magazines [4, 6, 12, 13, 22, 46] offering assistance in
obtaining and administration of the drugs. Since unex-
pected death can occur due to different effects of the sub-
stances used [7, 10, 14, 17, 24, 27, 28, 34, 35, 38] the
growing incidence of steroid use in athletes is also of in-
terest for the forensic pathologist.

In the literature there are several studies reporting sud-
den cardiac death especially due to acute myocardial in-
farction following the use of anabolic steroids. However,

death can also be explained by other effects especially if
other substances are used simultaneously.

We describe the case of a 23-year-old man who had
used anabolic steroids in combination with other stimulat-
ing agents according to the protocols recommended in un-
derground literature [22, 46] and died of acute cardiac ar-
rest without previous symptoms. The complex pathophys-
iological interactions and side effects of the different sub-
stances apparently responsible for the fatal outcome are
discussed.

Case report

In order to support his intensive training a 23-year-old body builder
had taken an unknown amount of anabolic steroids combined with
many other performance-enhancing drugs over a period of about 
9 months. After visiting a dancing club he went to bed at 4 a.m.
and 6 h later he was found unconscious and the resuscitation
started by an emergency physician was not successful. The follow-
ing drugs were found in the appartment:

1. Testex Leo 250 prolongatum i.m. (testosterone cyclopentilpro-
pionate)

2. Primobolan Depot 100 mg i.m. (methenolone enantate)

3. Proviron 25 mg tablets (mesterolone)

4. Thybon 100 µg tablets (liothyronin hydrochloride)

5. Aldactone 100 mg tablets (spironolactone)

6. Clomifen 25 mg capsules

7. Contraspasmin 0.02 mg tablets (clenbuterol hydrochloride)

These substances are usually used by body builders for the follow-
ing reasons:

Testex Leo and Primobolan are synthetic derivates of testosterone
with both androgenic and anabolic effects.

Proviron is an anabolic steroid which does not inhibit gonadotro-
pine secretion and thus prohibiting gynecomastia.

The thyroid hormone (T3) Thybon possesses cardiac stimulating
and fat reducing effects.

Spironolactone is an aldosterone antagonist and prevents potas-
sium loss. It is used for reducing the subcutaneous water content
and in order to prevent potassium deficiency.
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Clomifen is thought to increase gonadotropin levels which are sup-
pressed by high doses of androgenic steroids and thyroid hor-
mones.

Contraspasmin has both β1 (cardiac stimulation) and β2 (anabolic)
effects [8, 15, 39, 45, 47–49].

Autopsy findings

Body weight 94 kg, size 192 cm, muscular build. The autopsy re-
vealed cardiac hypertrophy (heart weight 500 g), the right ventricle
was dilated, the endocardium showed focal induration. The liver
parenchyma was soft and fragile. Cerebral edema, acute vascular
congestion in liver, spleen and kidneys were found.

Histological findings

The heart muscle showed an enlargement and nuclear polymor-
phism of the left ventricular muscle fibres. Furthermore dissemi-
nated focal necrosis with loss of nuclear staining, dehiscences of
intercalated discs and an interstitial fibrosis (Fig. 1) were obvious.
Capillary hyperemia, platelet aggregations and several fibrinous
clots were found in the lungs, liver and kidneys. The liver epithe-
lia showed nuclear fat-free vacuoles. Several small cystic blood-
filled pools were scattered throughout the liver parenchyma, partly
lined with epithelium (peliosis hepatis, Fig. 2).

Postmortem laboratory findings

Urine was analysed for anabolic steroids and narcotics by enzyme
immunoassay (EIA) and gas chromatography-mass spectrometry
(GC-MS) after derivatisation (TMS = Trimethylsilyl). Significant
concentrations of substances with effects on the central nervous
system could not be found, but mesterolone, methandienone (ana-
bolic steroid, syn.: methandrostenolone), testosterone, nandrolone
(anabolic steroid) and clenbuterol were detected in the urine. The
ratio of testosterone to epitestosterone in urine was 64:1 (IDAS,
Doping Laboratory, Kreischa) and such abnormally high ratios are
generally considered by the International Olympic Comittee (IOC)
and other sports federations as proof of exogenous testosterone ad-
ministration [25].

Discussion

There exist several reviews of the literature dealing with
the abuse effects of anabolic-androgenic steroids (AAS)
on various organ systems [23, 25, 30, 32, 36, 40, 56]. Myo-
cardial infarction [11], sudden arrhythmic death and stroke
[19] have been described in young steroid abusers. The
first documented steroid-related cardiac death was re-
ported by McNutt et al. in 1988 [38] and further cases as-
sociated with hyperlipidemia [21] or thrombotic occlusion
of coronary arteries [16, 24] have been described. My-
ocardial infarction has also been reported in a weight lifter
who used aspirin and testosterone simultaneously [17].

The effects of anabolic-androgenic steroids could be
demonstrated both in studies on primary myocardial cell
cultures [41] and in experimental animals [5, 29, 55]. In
addition, quantitative electron microscopy showed an en-
largement of the sarcoplasmatic space and a disbalance of
the mitochondrial/myofibrillar ratio. When the adminis-
tration of anabolic steroids and training were combined,
some pathological alterations such as destruction of mito-
chondria and aberrant myofibrils, focal dehiscent interca-
lated discs and necrotic cells [3] or mitochondrial disrup-
tion and a decrease in myocyte capillary supply [53] have
been found. There is also evidence of an increased colla-
gen production in experimental animals given steroids [55].
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Fig. 1 Left ventricular myocardium of a 23-year-old body builder
(H & E) with (a) interstitial fibrosis (190 ×) and (b) dehiscense of
intercalated discs (480 ×)

Fig. 2 Peliosis hepatis with several small, blood-filled pools in the
liver parenchyma (H & E, 190 ×)

a
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Structural alterations to the heart have also been ob-
served in humans. Luke reported the case of a 21-year-
old, previously healthy, steroid-abusing weight lifter who
died of cardiac arrest [34]. In addition to renal hypertro-
phy and hepatosplenomegaly, biventricular hypertrophy
could be detected. The myocardium showed extensive fi-
brosis, small foci of necrosis and myocytes with contrac-
tion band necrosis. Further cases with widespread patchy
fibrosis have been described by Kennedy [27] and Lyn-
berg [35]. The myocardial fibrosis was thought to be
caused by a lack of blood supply in a hypertrophic my-
ocardium [26]. Melchert and Welder suggested four hypo-
thetical models of AAS-induced adverse cardiovascular
effects: an androgenic, thrombosis, vasospasm and a di-
rect myocardial injury model [40]. In addition to steroid-
related disorders of the cardiovascular system, liver dis-
eases such as peliosis hepatis, cholestasis and hepatic tu-
mors have been observed in steroid-abusing athletes [2, 9,
20, 44, 57]. The histomorphological findings of small cys-
tic, blood-filled pools in the liver parenchyma in our case
correspond to the diagnosis of peliosis hepatis and can be
regarded as a further morphological evidence of steroid
abuse. In accordance to the AAS-associated morphologi-
cal alterations described in the literature, we found cardiac
hypertrophy, an interstitial fibrosis and disseminated focal
necrosis of the myocardium. Coronary stenoses due to ar-
teriosclerosis, coronary thrombosis or dysplasia [60]
which could have caused the myocardial alterations were
not observed. Furthermore there was no evidence of co-
cain abuse which has also been discussed in connection
with myocardial necrosis [18]. The histologically de-
tectable dense aggregations of red blood cells and capil-
lary fibrinous clots may be explained by erythropoietin
stimulation by AAS [1], clomifen-induced platelet aggre-
gation [16, 40, 52] or the diuretic effects of spironolac-
tone.

Since the macroscopical and histological findings re-
vealed no other relevant pathological alterations, a sudden
cardiac arrest must be assumed to be cause of death. For
an explanation the different effects of the enhancing drugs
are of particular interest:

1. anabolics were found to cause a deep prolonged depres-
sion of the stimulation threshold of the human heart [54].

2. AAS, mesterolone and clomifen may elevate the levels
of sodium, potassium, calcium and phosphate [43] and
thereby increase the risk of atrial and ventricular fibrilla-
tion.

3. Clenbuterol accelerates the heart rate by β1- and β2-re-
ceptor stimulation [8, 15, 31, 37, 39, 47–49], thus raising
the cardiac oxygen demand in combination with the ef-
fects of trijodthyronine (stimulation of contractility, eleva-
tion of cardiac output, heart rate).

The various effects of these substances on cardiac func-
tion itself and on electrolytic concentrations also influenc-
ing the cardiac system, can explain death due to sudden
myocardial dysfunction on the basis of AAS-associated
alterations of the myocardium.
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