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INTRODUCTION 
 
Sport occupies a special place in the mind of the human collective – it has the ability to unite 
unlikely people in their support of a common team, as well as being able to spark rivalries between 
best friends who support different teams. The considerable financial patronage given to sports 
teams by industries has made the health of the athlete a highly protected priority. In addition to a 
myriad of sporting injuries, this may bring the athlete under the care of the anaesthetist. Although 
the elite athlete may be the epitomy of physical fitness, his supranormal physiology places him in 
a separate category of patient – with unique concerns for the anaesthetist in the perioperative 
period. 
 
In addition to professional athletes, the anaesthetist may find himself providing anaesthetic care 
to schoolboy athletes and amateur athletes, and the growing number of bodybuilders and fitness 
models. Use of performance enhancing drugs is common in the athletic community, and the 
anaesthetist is required to be familiar with their pharmacodynamic properties, anticipated 
problems associated with their use, and their interactions with anaesthetic drugs. 
 

 
Figure 1: The Tour de France – an annual showcase of endurance sport and the latest performance enhancing drugs, set against the 
picturesque backdrop of the French countryside 

 
THE ATHLETES’ HEART 
 
The entity of the Athletes’ heart was first recognised by Henschen in the 1890s, when he 
diagnosed cardiomegaly by chest percussion of cross country skiiers.1 Conditions of pressure and 
volume overload in response to regular athletic training results in morphophysiologic changes in 
the athletes’ cardiovascular system. The Athletes’ Heart is morphologically characterised by left 
ventricular hypertrophy and left ventricular chamber enlargement and left atrial enlargement, with 
normal or superior systolic and diastolic function compared to the general population.2  
Endurance athletes also have enlarged right ventricular cavities and right ventricular wall 
hypertrophy.3  
 
 
 
Dynamic (isotonic) exercise is associated with an increased stroke volume and heart rate, and 
decreased systemic vascular resistance, producing an overall state of volume overload. The 
resultant cardiac remodelling is of an increased left ventricular internal diameter and wall 
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thickness, producing eccentric hypertrophy. Static (isometric) exercise, is associated with a slight 
elevation in heart rate and cardiac output, but a more profound increase in systemic vascular 
resistance. The induced state of pressure overload results in concentric hypertrophy, with an 
increase in left ventricular wall thickness and no, or mild, increase in the left ventricular internal 
diameter.1, 4 Most sports and sports training programmes combine elements of both isometric and 
isotonic activity, producing varying patterns of cardiac remodelling. The European Society of 
Cardiology has proposed to classify sports into 4 major groups according to their effects on 
myocardial remodelling: endurance; power; skill; and mixed. Endurance sports are associated 
with the greatest increase in left ventricular mass and dilatation; power sports result in mild left 
ventricular hypertrophy; skill sports do not have a significant effect on myocardial mass; and 
mixed sports have variable effects on the left ventricle, depending on the most dominant 
component.  
 

 
Figure 2: Classification of Olympic sport disciplines according to isometric and isotonic components and the resulting cardiovascular 
adaptations 

 
Body size also influences the degree of physiological cardiac remodelling which occurs and 
accounts for approximately 50% of the degree of variation in cardiac dimensions. Cardiac 
remodelling in female athletes occurs to a lesser extent than in male athletes. Black athletes have 
demonstrated a greater degree of cardiac remodelling compared to Caucasian, Arab and Asian 
athletes, and display different electrocardiographic characteristics, resulting in an entity described 
as the “black athletes’ heart”. 
 
It is a widely held perception that young athletes represent the embodiment of physical vigour, 
and the notion that they may be vulnerable to severe cardiac abnormalities seems almost 
inconceivable. However, sudden cardiac death is a well-known phenomenon in young athletes. 
The frequency of sudden cardiac death in the young (less that 35 years) is an unresolved issue, 
with an incidence ranging from 1 to 6,4 per 100000 person-years. The incidence of sudden 
cardiac death in the general population while participating in sport is estimated to be 0,46 per 
100000 person-years.5 The morphological changes associated with physical conditioning may 
make it difficult for the clinician to distinguish between physiological changes and features 
associated with pathological processes, resulting in some athletes with physiological changes 
being wrongly disqualified from sporting activities, or in pathological features being ascribed to 
physiological remodelling. 
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The most common cause of sudden cardiac death in the young in the United States is 
hypertrophic cardiomyopathy (HCM), followed by commotio cordis and coronary artery 
anomalies. In Italy the most common cause of sudden cardiac death in athletes is arrhythmogenic 
right ventricular cardiomyopathy (ARVC). This difference may be due to a genetic predisposition 
or, more likely, due to the mandatory medical screening programme for athletes that has been 
instituted by the Italian government.2 Other important cardiac abnormalities to consider when 
approaching the young athlete are: valvular heart disease; dilated cardiomyopathy; Marfan’s 
syndrome; myocarditis; ion-channel disorders (Long QT syndrome, Brugada Syndrome); Wolff-
Parkinson-White Syndrome; structural abnormalities of the conducting system; and other lethal 
arrhythmias which may be linked to performance enhancing or recreational drug use.2, 6 The 12-
lead electrocardiogram and echocardiography readily distinguish between features associated 
with the athlete’s heart and those associated with pathology. In selected patients, other forms of 
imaging such as cardiac magnetic resonance, computed tomography and nuclear imaging may 
be required. 
 
Up to 80% of athletes exhibit ECG changes, based on increased vagal tone, decreased 
sympathetic tone and cardiac remodelling. In 2012, the collaborative efforts of the American 
Medical Society for Sports Medicine (AMSSM), the Section on Sports Cardiology of the European 
Association for Cardiovascular Prevention and Rehabilitation (EACPR), a registered branch of 
the European Society of Cardiology (ESC), the FIFA Medical Assessment and Research Center 
(F-MARC), and the Pediatric & Congenital Electrophysiology Society (PACES), produced the 
“Seattle Criteria”, which outlined normal and abnormal ECG findings in athletes.7 
 
 
 

Figure 3: Causes of sudden death in young athletes, from the Minneapolis Heart 
Institute Foundation 
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Normal ECG findings in athletes include: 
1. Sinus bradycardia/arrhythmia: 

A resting heart rate less than 60 beats per minute is common in athletes and may be 
accompanied by escape junctional beats. Sinus node dysfunction should be suspected if 
the heart rate is less than 30 beats per minute; is inappropriate for the athlete’s level of 
physical conditioning; is associated with symptoms of syncope or dizziness; does not 
normalize with exercise; or persists following a period of deconditioning. 

2. AV Block: 
First degree AV block is present in approximately 35% of athletes, and Mobitz type I second 
degree AV block is present in approximately 10% of athletes. Mobitz type II second degree- 
and third degree AV block are not, however, regarded as benign occurrences in athletes. 

3. Incomplete Right Bundle Branch Block (RBBB): 
The enlarged right ventricular cavity and wall mass results in a conduction delay, which is 
present in 35 to 50% of athletes. However, the presence of an incomplete RBBB requires 
careful physical examination and interrogation of the EGG to exclude other cardiac 
conditions: 
a) Ostium Secundum atrial septal defect: Incomplete RBBB with fixed splitting of the second 

heart sound 

Figure 4: Seattle Criteria of normal ECG findings in athletes(above) 
and abnormal ECG findings (right) which warrant further evaluation 
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b) Arrhythmogenic right ventricular cardiomyopathy (ARVC) may be associated with 
incomplete RBBB with T wave inversion from V2 to V4, or with premature ventricular 
beats with a LBBB 

c) Brugada syndrome: this ion channel disorder has J waves in V1 and V2, which may 
resemble an incomplete RBBB. The J wave represents early repolarization, with J point 
elevation and high take off, and a down sloping ST segment with a STJ/ST80 ratio > 1 

(Athletes usually have an upsloping ST segment with a STJ/ST80 ratio 1). The T wave 
may be coved (negative) or saddle-back (positive). 

 
4. Increased QRS voltages: 

Sokolow and Lyon criteria for LV hypertrophy are satisifed (S wave in V1 + R wave in V5 
>35mm). Non-voltage criteria (atrial enlargement, left axis deviation, strain pattern of 
repolarization, delayed intrinsicoid deflection) are not present. Presence of non-voltage 
criteria for LVH should alert the clinician to other causes, such as HCM, aortic stenosis or 
hypertension. 

5. Early repolarization: 
50 - 80% of athletes exhibit early repolarization, with J point elevation of at least 0.1mV, with 
a slurred terminal QRS complex. Caucasian athletes usually display ST elevation with an 
upward concavity and a peaked positive T wave; African athletes display ST elevation with 
an upward convexity and a negative T wave.8 

 
Figure 6: Early repolarisation. (A) ST segment elevation with upward concavity and a positive T wave; (B) ST segment elevation with upward 
convexity followed by a negative T wave 

Figure 5: (A) Brugada Syndrome is characterised by a down-sloping elevated ST segment with a STJ/ST80 ratio of >1; (B,C) The athlete with 
upsloping ST segment elevation: (B) concave at the top;  and (C) convex at the top 
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The use of standard echocardiography in the evaluation of the athlete assists in estimating cardiac 
dimensions and provides information regarding systolic and diastolic function. Left ventricular wall 
thickness rarely exceeds 12mm in Caucasian athletes, and 16mm in African athletes. Despite 
55% of athletes having an increased left ventricular end-diastolic diameter, only 14% of athletes 
have been shown to have a LVEDD greater than 60mm. Various studies have reported that 
between 10 and 45% of ultra-elite athletes have LV end diastolic diameters exceeding 60mm, in 
the range of dilated cardiomyopathies, however no functional impairment in these individuals 
have been reported. These changes usually regress within 9 to 12 weeks of deconditioning, but 
20% athletes have been shown to exhibit unchanged cardiac dimensions 5 years after retiring3. 
 
Despite the development of left ventricular hypertrophy and dilation, the athletes’ heart has been 
shown to exhibit normal, or superior, diastolic function (as measured by the transmitral Doppler), 
with an increased component of early diastolic filling (increased E wave velocity and almost 
absent A waves)3. This may be attribute to a lower heart rate, and the elastic recoil of the ventricle 
following systole, that effectively sucks blood into it from the atria.(9) The presence of diastolic 
dysfunction is suggestive of hypertrophic cardiomyopathy. Systolic function appears to be 
unaffected by exercise, with the average left ventricular ejection fraction in athletes being 50%.4 
 
Left atrial enlargement is seen in a minority of athletes, with 18% displaying diameters greater 
than 40mm, and only 2% greater than 45mm. Similarly, right ventricular and right atrial 
enlargement is also seen in endurance athletes.4 The volume overload associated with endurance 
sport also results in a mildly increased aortic root diameter.4  

 
Figure 7: Apical 4 chamber echocardiogram comparing the heart of a healthy 23-year old (left) with that of a 23-year old professional cyclist 
(right). The cyclist has dilatation of all 4 cardiac chambers, and a resting heart rate of 23 beats per minute. Normal cardiac output is 
maintained. 
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Tissue doppler imaging has been used to assess systolic function by means of strain rate imaging. 
The novel echo technique of Speckle Tracking Echocardiography (STE) now has surpassed 
tissue doppler to assess myocardial deformation. This angle-independent method tracks blocks 
of speckles, or “kernels”, on a frame-by-frame basis, to give information on global and regional 
myocardial movement, strain and strain rate. Longitudinal, radial and circumferential strain can 
be measured by analysing epicardial, mid-wall and endocardial shortening. In addition, the 
direction and velocity or left ventricular rotation can also be assessed.9 Left ventricular global 
longitudinal strain is preserved within the normal limits in athletes (-16% to -22%), and 
measurements below -15% are associated with pathological changes.4 Elite athletes have been 
shown to have lower values of strain-derived left ventricular twisting – probably a result of a 

greater concentration of -adrenergic receptors at the left ventricular apex than the base, resulting 
in increased apical sensitivity to sympathetic stimulation. The use of different algorithms by 
different manufacturers have impeded the development of a set of established normal values, 
which is  major limitation to the widespread use of STE.9 

 

Figure 8: Left ventricular characteristics in the athlete vs the untrained individual 

Figure 9: Differentiating the athletes' heart from hypertrophic cardiomyopathy 
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Figure 10: Speckle Tracking Echocardiogram of an endurance trained athlete 

 
Cardiac magnetic resonance (CMR) imaging is not routinely used for the assessment of the 
athletes’ heart but is able to accurately and reproducibly assess cardiac chamber and wall 
dimensions. CMR with late Gadolinium enhancement is valuable in detecting myocardial fibrosis, 
which is a common feature in patients with anabolic steroid induced cardiac disease. Computed 
tomography should be used for imaging of patients with symptoms of coronary artery disease and 
can accurately delineate the course of anomalous coronary arteries.4  

Figure 11: Late gadolinium enhancement showing areas of fibrosis in a 
world class triathlete (A), and in a recreational runner (B). 
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Figure 12: Flow chart for the evaluation of the athlete's heart 
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PERFORMANCE ENHANCING DRUGS 
 
The quest for athletic superiority is best encapsulated by the words of Pierre de Coubertin upon 
resurrecting the Olympic Games in 1894 – “Citius, Altius, Fortius” (Faster, Higher, Stronger). 
However, the use of substances purported to enhance athletic prowess far antedates the 19th 
century. Ancient Roman gladiators consumed a mixture of herbal stimulants (Amanita muscaria, 
Cola nitida and cocoa leaves) to enhance their combat skill. In 1891, the French-Mauritian father 
of modern endocrinology, Charles Edouard Brown-Sequard, reported on the restorative effects 
of the injection of the blood of the testicular veins, the semen and the juice of the testicle – an 
injection which he self-administered! Athletes competing in the early modern Olympic Games 
used a mixture if strychnine, heroin, cocaine and morphine to enhance their performance. Nazi 
scientists pioneered amphetamines to improve alertness and enhance aggression in their soldiers 
Following the signing of the Paris Peace treaties this drug made its way into the athletic arena, 
most notably by the cycling teams in the Tour de France, where it garnered widespread attention 
following the death of a user, Tom Simpson, during the race.10 Since then, a multitude of 
performance enhancing drugs have come in and out of vogue, but it was only in 2004 that the 
World Anti-Doping Agency (WADA) Code was created, which provides a framework of anti-doping 
rules, regulations and policies for athletes, trainers and medical personnel. 
 
The WADA code defines doping as the occurrence of one or more violations across the 8 
categories specified in the code:11 

i. Presence of a prohibited substance or its metabolites or markers in an athlete’s sample 
ii. Use or attempted use by an athlete of a prohibited substance or a prohibited method 
iii. Evading, refusing or failing to submit to sample collection 
iv. Whereabouts failures 
v. Tampering or attempted tampering with any part of doping control 
vi. Possession of a prohibited substance or a prohibited method 
vii. Trafficking or attempted trafficking in any prohibited substance or prohibited method 
viii. Administration or attempted administration to any athlete in-competition of any prohibited 

substance or prohibited method, or administration or attempted administration to any 
athlete out-of-competition of any prohibited substance or any prohibited method that is 
prohibited out-of-competition 

  
Drug testing is performed by federations sanctioned by WADA, and may be performed in 
competition, or out of competition. 

Out of competition testing: 
A pool of athletes is required to provide the country’s anti-doping organization with a 1 hour 

time slot every day, where their location is specified. 3 accounts of failure to provide these 
details of missed tests results in a 1 to 2 year ban period. Tests for steroids, erythropoetin, 
hGH, masking agents, and other strength enhancers are performed. 

In-competition testing: 
Commences 12 hours prior to the official start of the event and continues with the end of the 

event. In addition to substances tested for out of competition, testing for beta blockers, 
opioids, blood transfusions and plastination agents from infusion systems is also done.12 

 
The Biological Passport system was implemented in 2009, which is a longitudinal record of an 
athlete’s biological variables, such as full blood count, red cell indices and hormonal profiles, 
which may infer the use of performance enhancing drugs. 
 
In light of the fact that many substances on the WADA Prohibited list are used as routine treatment 
for common medical conditions, there are allowances for the use of these substances in athletes. 
An application for a Therapeutic Use Exemption (TUE) must be submitted 21 days prior to 
competition, for a specified dose and duration of treatment. Non-systemically administered 
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corticosteroids may be declared at the time of testing. Retrospective TUEs are not granted 
following drug testing.12 
 
The use of performance enhancing drugs is not just confined to competitive athletes, as there is 
a larger population of amateur sportsmen, recreation athletes, armed forces, and also individuals 
who subscribe to the ‘beautiful body’ subculture that also abuse performance enhancing drugs. 
The use of anabolic androgenic steroids among regular gym goers is estimated to be between 15 
and 40%, 10% of whom are teenagers.13 A South African study from 1998 estimates the usage 
of anabolic androgenic steroids among adolescents to be at 14.4 per 100014 
 
Performance Enhancing drugs can be grouped into 7 broad categories:15 

1. Mass and Strength Builders: 
Anabolic Androgenic Steroids (AAS), Peptide hormones (Human chorionic 
gonadotrophin, Luteinizing hormone), Protein hormones (human growth hormone, 

Insulin-like growth factor, insulin), 2-agonists 
2. Stimulants: 

Amphetamines, Caffeine, Cocaine, Ephedra 
3. Oxygen delivery enhancers: 

Blood doping, erythropoietin, artificial oxygen carriers, xenon 
4. Masking drugs: 

Diuretics, Secretion inhibitors, plasma expanders 
5. Relaxants: 

-blockers, alcohol, cannabinoids 
6. Nutritional supplements 

Protein shakes, creatine 
7. Gene Doping 

Aicar and GW1516 
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Anabolic Androgenic Steroids (AAS) 

The anabolic effect of testosterone is accomplished by its actions on the androgen receptor 
(AR) in skeletal muscle, which is involved in transcription of genes involved in muscle growth. 
ARs are upregulated by exposure to high levels of circulating testosterone, and by exercise. 
Muscle hypertrophy is dose related, with supraphysiological doses (mean serum testosterone 
levels above 1000ng/dl) resulting in increased Type I and Type II fibre cross sectional area and 
increased myonuclear numbers. Increased muscle strength is histologically confirmed by the 
observation of increased muscle pennation in testosterone users.  The presence of ARs in the 
brain result in mood changes (such as euphoria, increased energy and libido) and exert 
additional anabolic effects, due to glucocorticoid antagonism, GH stimulation, and improved 

mental focus13. 5reduction of testosterone results in the formation of dihydrotestosterone, 
which also binds to the AR. Aromatization of testosterone to oestradiol is responsible for 
oestrogenic side effects. 
 
A number of different types of anabolic steroids have emerged over the years, with different 

pharmacological profiles and effects on the body. 17- alkylated derivatives of testosterone 

are resistant to hepatic metabolism and may be orally administered. 17- hydroxylation 
improves lipid solubility, making this formulation suitable for parenteral administration. Further 
modifications of the molecule by changing the relative anabolic:androgenic potency have 
yielded new drugs – testosterone has an anabolic:androgenic ratio of 1, nandrolone is 10, and 
stanozolol is 30. Each compound has, in addition to its chemical and proprietary name, an 
array of street names, which are useful for the clinician to know.16 

Figure 13:  Summary of performance enhancing drugs 
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Pharmacological name Trade name Street name 

Oxandrolone Anavar Var 

Oxymethalone Anadrol Drol 

Methandrostenolone Dianabol Dbol 

Methenolone Primbolan Primo 

Stanozolol Winstrol Winny 

Fluoxymesterone Halotestin Halo 

Nandrolone decanoate Deca-durabolin Deca 

Boldenone undeclynate Equipoise EQ 

Methenolone Primbolan depot Primo 

Trenbolone various Tren 

Testosterone various Test 

Figure 16: Street names of commonly used anabolic androgenic steroids 

Figure 14: (Left) orally available AAS preparations; and (right) 
intramuscular preparations 

Figure 15: Relative anabolic/androgenic ratio 
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Steroids are usually dosed periodically, based on the principle of cycling. A steroid cycle lasts 
between 4 and 12 weeks and is separated by an off cycle steroid holiday of varying durations. 
Typically, a combination of steroids and other performance enhancers are used, which is referred 
to as “stacking”. Pyramiding refers to an escalating dose of AAS during the cycle and tapering the 
dose towards the end to avoid symptoms of withdrawal.15 
 
The numerous side effects of AAS are well documented, with up to 96% of users experiencing at 
least 1 of a range of common minor side effects, such as acne, testicular atrophy, gynaecomastia, 
striae, alopecia and injection site pain. It is often these minor side effects, rather than the major 
side effects, that serve as a deterrent. 
 
Cardiovascular toxicity is due to 4 main mechanisms: atherogenic, thrombotic, vasospastic and 
direct myocardial injury. AAS increases the formation of LDL from VLDL and the catabolism of 
HDL, by inducing the activity of hepatic triglyceride lipase. Atheromatous plaques form a site for 
platelet aggregation and impair endothelial function. AAS cycles induce hyperhomocysteinaemia, 
which is also a risk factor for atherosclerosis. The thrombotic effect of AAS is due to increased 
levels of procoagulant factors, and thromboxane A2. Coronary vasospasm is purported to occur 
due to AAS mediated inhibition of guanylyl transferase and nitric oxide, which decrease cGMP 
levels. Direct myocardial injury is due to AAS mediated myocardial mitochrondrial dysfunction, 
resulting in myocardial fibrosis. These areas of fibrosis may become foci for the generation of 
ventricular arrhythmias. Other cardiovascular side effects include ventricular hypertrophy and 
diastolic dysfunction, cardiomyopathy, and thromboembolic phenomena from ventricular mural 
thrombi.6 
 
Asymptomatic elevations in hepatic transaminases have been reported with the use of AAS, as 
well as cholestasis and hepatic peliosis. Case reports of hepatocellular carcinoma, hepatic 
adenomas and haematomas in AAS users have also been described. Hepatic effects are more 
common with orally administered 17 alkylated compounds, owing to high first pass metabolism.  
 
AAS use is associated with hypogonadotrophic hypogonadism, resulting in testicular atrophy, 
decreased sperm count and motility, and changes in libido. Peripheral aromatization of 
testosterone is responsible for oestrogenic side effects like gynaecomastia. In females, AAS 
causes virilization – hirsutism, deepening of the voice, breast atrophy, oligoamenorrhoea, 
infertility and clitoromegaly. Although most of these side effects regress within a year of 
discontinuing AAS use, some may persist.13 
 
Decreased tendon elasticity is associated with AAS use, however it is more likely that tendon 
injuries are due to a slower rate of tendon strengthening compared to muscle strengthening. 
 
AAS use can induce a variety of psychological symptoms, varying from euphoria, mania and 
hypomania, to depression, low libido and psychosis. Like illicit drugs, discontinuation of AAS are 
associated with a withdrawal syndrome, which promotes habitual use. 
 
As with other parenteral drugs, needle sharing poses the risk of blood-borne infections like 
Hepatitis B and C and HIV; non-sterile techniques result in abscess formation; and neurological 
injuries due to peripheral nerve damage. 
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Peptide Hormones – human chorionic gonadotrophin (hCG) and luteinizing hormone (LH) 

hCG is used as an adjunct to AAS to increase testosterone and prevent loss of testicular 
volume. On its own, it does not enhance muscle development. 
 
Artificial LH analogues, like Tamoxifen, are frequently used both on and off cycle to maintain 
normal levels of testosterone prevent the development of oestrogenic side effects associated 
with AAS use. 

 
 

Figure 17: Side effects of AAS use 
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Protein Hormones – human growth hormone (hGH), insulin-like growth factor (IGF) and 
insulin 

hGH is used to stimulate muscle growth, bone strength, increase bioavailability of glucose and 
fatty acids, reduce body fat and decrease recovery time. It may be used on its own but is 
usually used as part of a stack containing AAS. Production of endogenous hGH may be 
stimulated by clonidine, levodopa, propranolol and amino acid supplements. Long term hGH 
use may induce acromegalic features. and The WADA test to detect GH has a limited detection 
period of 24 hours following use. Although pharmaceutically available hGH is recombinant, 
pituitary-derived GH is available on the black market and is associated with the risk of prion 
disease transmission. 
 
IGF also stimulates protein and bone synthesis, and insulin is also abused for its anabolic 
effects. IGF has side effects of hypoglycaemia, hypophosphataemia and Bell’s palsy.12 An 
obvious concern with the use of insulin is severe hypoglycaemia. Use of insulin in banned in 
athletes, and a therapeutic use exemption is required for its use in diabetic athletes. 
 

2-agonists 

Anabolic effects have been observed with clenbuterol and fenoterol. Oral administration is 
associated with increased strength and endurance. Inhaled salbutamol and salmeterol is not 
banned by WADA. 
 

Amphetamines 

This stimulant is used by athletes, gymnasts, wrestlers and ballet dancers to suppress appetite, 
reduce weight gain, increase speed, alertness and aggression. Serious side effects include 
hypertension, angina, cerebral haemorrhage and neurological disturbances. 

 

Caffeine 

The most widely used drug in the world, caffeine is used by athletes for its stimulant properties. 
It stimulates adrenaline release and antagonises central adenosine receptors. Peripherally, it 
stimulates acetylcholine release at the neuromuscular junction, acts as a myocardial calcium 
sensitizer and induces lipolysis. High doses of caffeine induce tremors, agitation and 
arrhythmias. A urinary level greater than 12mcg/ml is regarded as a positive sample, which 
translates to approximately 8 cups of coffee. Anecdotal reports have been made of caffeinated 
energy drinks being linked to sudden cardiac death. 

 

Ephedra 

Ephedra, known as ma huang, was commonly contained in over the counter weight loss and 
ergogenic supplements. Locally available supplements that contained ephedra were Animal 
Cuts, Clenbutrx, Herbalife, Hydroxycut, Phedracut and Ripped Fuel. It contains ephedrine, 
pseudoephedrine, norephedrine, methylpseudoephedrine, methylephedrine, and 
norpseudoephedrine, which increase blood pressure, heart rate, systemic vascular resistance 
and cardiac output. It was banned by the FDA in 2004, owing to its association with serious 
cardiovascular side effects, including coronary vasospasm, MI, cardiomyopathy arrhythmias, 
ischaemic and haemorrhagic stroke, and significant QTc prolongation (average prolongation 
of 27msec). 
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Blood Doping 

Homologous or autologous blood transfusions are done to increase oxygen carrying capacity 
in endurance athletes. These carry the usual risks associated with blood transfusions, and 
hyperviscosity. Athletes using autologous transfusions may now be identified by testing for 
plasticizer residues originating from intravenous infusion sets. 

 

Erythropoetin 

Recombinant human erythropoietin (rHuEPO) and darbepoetin are used by endurance athletes 
to stimulate erythropoiesis and increase oxygen carrying capacity. However, individual 
response to rHuEPO is variable, and athletes with low hematocrtis respond more favourably. 
rHuEPO is detectable in blood and urine but its short half-life and the use of microdosing 
regimens make detection difficult. EPO Z, and a Chinese formulation, are currently 
undetectable. The use of a biological passport is used to detect deviations from the athlete’s 
regular haematocrit and elevations in reticulocyte count, which can infer the use of rHuEPO. 
Following this testing method, transfusions were used to mask the reticulocytosis associated 
with rHuEPO use. Increased haematocrit and viscosity increase myocardial work, resulting in 
myocardial ischaemia. Hyperviscosity can result in tissue and cerebral hypoxia which may 
present as encephalopathy, as well as thromboembolic phenomena. 

 

Xenon 

By inducing the expression of HIF1a, xenon increases the oxygen carrying capacity of blood 
by modulating cellular responses to hypoxia and increasing the expression of erythropoietin. 

 

Artificial oxygen carriers 

Perfluorocarbons and non-human haemoglobins (HBOC) have been used in an attempt to 
increase oxygen delivery. 
 

Masking drugs 

Diuretics are on the WADA prohibited list, as they are used by athletes to dilute the 
concentration of a banned substance in urine. They may also be used for rapid weight loss to 
change competitive weight divisions, and in preparation for bodybuilding competitions. 
Hypotension, muscle cramps and electrolyte imbalances are known side effects. Probenecid 
is also used as a masking agent as it blocks the secretion of anabolic steroids into the urine. 
 
Athletes using erythropoietin use plasma expanders like hydroxyethylstarch or dextrans to 
evade detection of an elevated haematocrit. As such, the use of intravenous infusions of more 
than 100ml per 12 hour period is prohibited, unless it occurs during hospitalisation for a 
legitimate illness, surgical or diagnostic procedure. 

 

Relaxants 

-blockers are used for their anxiolytic and anti-tremor effect by archers, shooters, ski-jumpers 
and orchestral musicians. A TUE is required for its use in an athlete. Narcotics and 
cannabinoids are also used for their anxiolytic effects. 
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Nutritional Supplements 

Creatine consists of arginine, glycine and methionine, and is used to delay muscle fatigue in 
anaerobic activities for up to 15 seconds. It is not shown to be of benefit in endurance exercise. 
Creatine supplementation increases the amount of surplus creatine phosphate, which allows 
for more rapid ATP regeneration. Side effects of creatine are weight gain, muscle cramps and 
gastrointestinal disturbances. Creatine may exacerbate renal dysfunction in patients with pre-
existing renal damage. 

 
Protein shakes may place strain on kidneys in patients with impaired renal function owing to 
an increased nitrogen load. 

 

Gene Doping 

Aicar, the name given to 5-aminoimidazole-4-carboxamide 1-β-D-ribofuranoside, is involved in 

energy uncoupling in muscle and adipose tissue via its action on the PPAR- gene. GW1516 
targets the PPARD gene, which is involved in skeletal muscle metabolism, lipolysis and insulin 
sensitivity. It has been trialled in the treatment of type 2 diabetes mellitus, obesity and the 
metabolic syndrome.15, 17 

 
ANAESTHETIC CONSIDERATIONS IN THE ATHLETE 
 

The Pre-anaesthetic assessment 

 
The anaesthetist performing the preanaesthetic evaluation of the athlete presenting for elective 
surgery should be cognisant of the athlete’s concern in relation to resuming training and sport. 
Indeed, the anaesthetist will not only have to speak to the athlete and his family, but also to 
the team coach. Acute traumatic injuries in athletes may be accompanied by fear and increased 
cognitive focus on the injury, and care should be taken to reassure the athlete and provide 
early multidisciplinary involvement from physiotherapists and psychologists.18 This may 
prevent the development of catastrophising, which predisposes to the development of chronic 
pain and delays return to play (RTP). It is important for the healthcare team to negotiate a 
timeframe for RTP with the athlete and coach. 
 
History should include the nature of the procedure and expected recovery time should be 
ascertained from the surgeon. Details regarding the athlete’s training programme, and 
proximity to any competitive events should be included in the history. Consultation with the 
team doctor or the athlete’s regular sports physician for past records of preparticipation medical 
screening and investigations are invaluable in establishing the presence of any comorbidities 
or deviations from the athlete’s baseline physiological state. The anaesthetist should be alert 
to symptoms that are suggestive of cardiac pathology, such as syncope and dizziness, which 
will guide further investigations. History of the use of performance enhancing drugs should 
include when the athlete first started using PEDs, if the athlete is currently on or off cycle, the 
names and doses of PEDs that are currently being used as well as drugs that were previously 
used, when they were last used, reasons for discontinuation and side effects of the PEDs. 
Some patients, fearing professional or legal repercussions, may not openly admit to using 
PEDs. In these patients, physical signs of PED use should be sought and the athlete should 
be counselling regarding the risks of PEDs in the perioperative period. Details of recreational 
drug usage are also important in this patient population. 

 
A thorough cardiovascular physical examination should be performed to exclude signs of an 
underlying cardiovascular disease. The clinician should look for signs of PED use, including 
needlestick marks and injection site abscesses. A careful neurological examination should be 
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performed, and any pre-existing neurological defect should be documented. A thorough airway 
examination is useful - tongue and upper airway soft tissue hypertrophy may be present in 
patients using PEDs. In these patients, a STOPBANG questionnaire should be performed to 
screen for obstructive sleep apnoea. 

 
Preoperative investigations should include: 

 Full Blood Count: 
Elevated haemoglobin and haematocrit may be seen with EPO, AAS and altitude 
training. 

 Urea and Electrolytes: 
Fluid and electrolyte abnormalities are commonly seen in bodybuilders preparing for 
competitions. Use of PEDs and masking agents can also result in electrolyte 
derangements. Features of renal impairment may be seen in long-standing PED users. 
While it is uncommon to anaesthetise the recently exercised athlete, this patient may 
have hyponatremia. The anaesthetist should be vigilant in monitoring renal function in 
marathon runners, who are at risk of exercise related myoglobinuric renal injury. 

 Liver Function Tests 
Deranged liver enzymes are common in PED users, especially with the use of oral 
AAS. 

 Blood Glucose 
Hypoglycaemia in patients using insulin; hyperglycaemia with the use of hGH 

 12-lead Electrocardiogram 
Features of the athletic heart vs pathology  
Arrhythmias 
Features of cardiomegaly, ischaemia or cardiomyopathy are important in PED and 
recreational drug users 
Signs of electrolyte abnormalities 

 Echocardiogram 
May be indicated in if physical examination and ECG are equivocal 

 
While regional anaesthesia is generally regarded as safe, it must be appreciated that even 
a mild, temporary neuropraxia may be devastating to the career of the athlete. The 
occasional regional anaesthetist should, perhaps, avoid this technique. Thorough 
counselling regarding the risks of regional anaesthesia should be performed. Informed 
consent should be taken regarding regional anaesthesia, general anaesthesia, special 
positioning, invasive monitoring and lines. 
 
The anaesthetist should familiarise himself in advance of drugs that are on the WADA 
prohibited list, and devise a doping-friendly perioperative plan.12 
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Intraoperative considerations 

 
Athletes may have overdeveloped deltoids and neck muscles, which may make bag-mask 
ventilation challenging. Macroglossia associated with hGH use may contribute to difficult 
bag mask ventilation and laryngoscopy. Higher metabolic rate as a result of large muscle 
mass can result in faster desaturation than in the general population. The athlete may have 
higher ventilatory requirements: thoracic compliance may be decreased as a result of 
thoracic musculature, requiring higher inflating pressures to overcome this; higher 
metabolic rate may require a greater minute volume to maintain normocarbia15. 
Anticholinergics should be readily available to treat bradyarrhythmias. 
 
Care should be taken when using suxamethonium, as vigorous fasciculations may develop 
owing to the increased muscle mass. Steroid users have been observed to require higher 
doses of non-depolarising muscle relaxants. This may be due to: a larger relative muscle 
mass, resulting in more acetylcholine receptors; possible upregulation of acetylcholine 
receptors; and an increased volume of distribution owing to water retention, a side effect 
of AAS use.13, 16 
 
Sevoflurane is associated with greater QTc prolongation compared to other volatile agents 
and Propofol and is best avoided in patients with a prolonged QTc interval. Although 
Propofol is associated with uncoupling of the electron transport chain, no convincing 
evidence exists to show a predisposition to the development of Propofol infusion syndrome 
in athletes compared to the general population. Propofol total intravenous anaesthesia 
does cause greater peripheral vasodilation than volatiles, and in the setting of post exercise 
hypotension, which may persist for up to 4 hours after cessation of exercise, volatiles are 
preferred over TIVA.19 The recently exercised athlete also has impaired thermoregulation 
– appropriate temperature monitoring and control measures should be instituted. 
Anaesthetic drug requirements in athletes may be  altered for a number of reasons. Studies 
have shown athletes engaging in contact sports have a higher pain tolerance than non-
contact sport athletes, who in turn have a higher pain tolerance than non-athletes.20 

Figure 18: List of commonly used anaesthetic drugs, classified according to their status on the 
WADA prohibited list 
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Conversely, the presence of increased circulating endorphins in the trained athlete may 
upregulate opioid receptors, resulting in greater analgesic requirements. Induction of 
hepatic enzyme systems in users of PEDs may make the therapeutic effect of drugs 
unpredictable. Adequate hydration should be ensured in patients with elevated 
haematocrits. 
 
Acute amphetamine use increases anaesthetic requirements and increases intracranial 
pressure. Chronic amphetamine use causes a decrease in anaesthetic requirements as a 
rest of CNS catecholamine depletion. Refractory hypotension may also be seen in these 
patients: invasive blood pressure monitoring should be used, direct acting vasopressors 
should be used if required, and the anaesthetist should be on guard for the development 
of the serotonin syndrome.15 

 

Postoperative considerations 

 
Should post extubation laryngospasm occur, the athlete’s powerful respiratory muscles 
predisposes him developing negative pressure pulmonary oedema, and factors which may 
contribute to laryngospasm should be minimised. Athletes using PEDs are prone to 
psychosis on emergence – clonidine has been shown to decrease emergence 
phenomena.15 
 
 

Practical points: 

 

 Availability of appropriately sized blood pressure cuffs and equipment must be 
ensured prior to anaesthesia. 

 Anticipate a difficult airway and have rescue devices available. 

 Pay meticulous attention to patient positioning and protection of pressure points 
to prevent peripheral nerve injuries. 

 Be vigilant for the unmasking of arrhythmias 

 Postoperative venous thromboembolism prophylaxis and maintaining adequate 
hydration is indicated in patients using PEDs. 

 Athletes are at risk of hyperkalaemia following deflation of a tourniquet, owing to 
their large muscle mass. Monitor serum potassium levels and the ECG for 
changes associated with hyperkalaemia, and shift if necessary. 

 Meticulous record keeping is required. Clinical scenarios may require the use of 
medications on the WADA prohibited list, and a retrospective TUE may be 
sought.   
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CONCLUSION 
 
 
The anaesthetist commonly dismisses the athlete as a “fit, young, healthy ASA I or II” patient, 
without being aware of the occult considerations when providing anaesthetic care to the athlete. 
Like the pregnant patient, the paediatric patient and the geriatric patient, the athlete should be 
viewed as a special population: he has a physiological profile that occupies a space at the extreme 
of normal, may present with his own variety of polypharmacy, and has sport-specific concerns 
which must be considered when providing him with anaesthetic care.  
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