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E rgometric stress testing is indicated to answer rel-
evant questions for athletes, asymptomatic persons, 
and patients with a wide range of diseases (Box 1). 

Its most important use is to detect latent disease (health-
related indication for testing). It can also be used to 
measure physical performance ability and reserve and to 
assess the prognosis of patients with various diseases, as 
well as to monitor and guide exercise training and the 
training of athletes. When used in ill patients, it is helpful 
for evaluating treatment, monitoring interventions, and 
and assessing the prognosis (1 [p. 51], 2 [p. 60], 3, 4 
[p. 268]). Very different groups of persons can benefit 
from ergometric stress testing, ranging from professional 
athletes and ambitious leisure-time athletes to untrained 
persons and ill patients (1 [p. 51], 2 [p. 60], 5, 6, 7 [p. 10]). 
Further diagnostic objectives are listed in Box 1.

The most common standard methods of ergometric 
testing are bicycle ergometry (in Europe) and treadmill 
ergometry (in the USA) (1 [p. 21], 2 [p. 162], 4 [p. 238], 
8–11). Other testing procedures, such as rowing 
 ergometry, the field step test, rotational ergometry, 
 supine bicycle ergometry, step-climbing, a six-minute 
walking test, and strength tests are used to measure per-
formance in sport-specific testing and to answer specific 
clinical questions (4 [p. 238], 12 [p. 519], 13–17). These 
will not be described in any greater detail in this review.

Method
In this review, we present the indications and contra -
indications of ergometric stress testing, the manner in 
which these tests are performed, the variables they 
measure and their informative value, the criteria for 
evaluating submaximal and maximal performance, and 
factors that influence the outcome of the tests (e.g., age, 
medications, illnesses). This review is based on the cur-
rent ergometry guidelines of the relevant medical 
specialty societies (9, 11–13, 18–20), the literature 
cited in these guidelines, and a selective literature 
search in the PubMed/MED LINE, Cochrane Library, 
Embase, Scopus, and Web of Science databases (search 
terms: “ergometry,” “exercise testing,” “functional 
 capacity,” “fitness,” “stress testing”).

Indications
In sports medicine, ergometry is used primarily to 
measure fitness (“physical capacity”) and endurance, 
in order to monitor the effects of exercise training in 
healthy individuals or the effects of treatment 
 (rehabilitation, other measures) in persons with various 
diseases (Box 1). Further indications include the differ-
ential diagnostic evaluation of diseases (heart, lungs) 
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and symptoms, e.g., chest pain or shortness of breath 
(1 p. 173], 7, 13 [p. 329], 21, 22). The measurement of 
physical performance for prognostic purposes has 
 become much more common in recent years. Physical 
fitness (Figure 1) is an indicator of future cardiovascu-
lar, metabolic, or even psychiatric events, as well as a 
means of lowering risk (1 [p. 355, 401], 2, 3, 5, 10, 15, 
23, e1–e5). This is true not only for the standard tests 
(bicycle and treadmill ergometry) but also for grasp 
strength (e6–e9). In a longitudinal study published in 
2015, with more than 140 000 participants, grasp 
strength was a better predictor of morbidity and mor-
tality than systolic blood pressure (e6).

The performance of ergometry
History-taking, physical examination, and rest elec-
trocardiography (ECG) are mandatory prerequisites 
before the patient is put under any physical stress to 
detect risks due to latent or overt disease, such as cor-
onary heart disease or hypertension. Standardized 
conditions must be maintained in the testing room 
(ambient temperature, humidity, etc.) (eBox 1) (1 
[p. 40], 4 [p. 250], 11, 13 [p. 14], 15). Continuous 
heart rate, blood pressure, and ECG monitoring and 
observation of the patient are mandatory so that the 
test can be terminated at once in case any compli-
cations arise. The response to emergency situations 
should be practiced at regular intervals with the non-
physician members of the testing team (eBox 1).

Remarks on testing methods
Bicycle ergometry is used in Europe in preference to 
treadmill ergometry. Its main advantage is that it less 
commonly causes artifacts in the stress ECG; treadmill 

ergometry can also make patients feel insecure or 
anxious because of the moving surface (4, 7). On the 
other hand, bicycle ergometry activates a smaller 
amount of muscle mass than treadmill ergometry and 
thus generates a maximal performance level that is ca. 
10% lower than what is achievable on a treadmill (12 
[p. 619], 24 [p. 273]). In supine bicycle ergometry, ex-
haustion in reached earlier, and the maximal achievable 
performance is therefore ca. 20% lower. 

Standardized stress protocols should be used in 
order to ensure the validity of inter- and intra-
 individual comparisons. Different stress protocols are 
used depending on the category of patient tested and 
the questions that are to be answered (eTable 1); these 
protocols vary widely with respect to the initial 
 performance level, the rate increase of performance 
demanded over time, and the duration of the entire test 
(1 [p. 47], 9, 25 [p. 155], 26–31). Ramped perfor -
mance increases and increases in small steps at brief 
intervals have the advantage of enabling a relatively 
rapid increase of cardiocirculatory performance. 
Stress protocols of this type (e.g., an increase by 25 W 
every 2 minutes, eFigure 1) are suitable, for example, 
for use in adolescents, or to answer questions of a car-
diological nature. The oxygen uptake and the serum 
lactate concentration respond more slowly to the level 
of physical performance; thus, measurements of these 
variables cannot always be reliably attributed to the 
current performance level (32).

Performance increases by 40 W or 1.5 km/h every 
3 to 5 minutes are often used for the assessment of 
both the cardiocirculatory and the metabolic compo-
nent of performance (8, 29, 33) (Figure 2, eFigure 2, 
eTable 1). If the subject is a high-performance athlete 

BOX 1

Indications for ergometry in sports medicine*1 

● Asymptomatic persons
– Diagnosis of latent disease and of possible risks in sport
– Assessment of physical performance ability and counseling before the start of training; monitoring and guidance of 

training
– Assessment of performance capacity and physical performance ability in occupational medicine 

● Patients
– Diagnosis of cardiovascular and pulmonary diseases, before the start of training if applicable 
– Evaluation of symptoms: dyspnea, chest pain, palpitations, dizziness (syncope) 

● Follow-up assessment during training (for patients as well) 
– Recommendations on the extent and intensity of training (FITT rules*2) 

Diagnostic objectives 
In accordance with the above, the diagnostic objectives are the assessment of performance, development, suitability, and 
structure. Stress is measured by external parameters and effort by “internal” ones as a response of the subject’s bodily 
 organs to the task. 

 *1 from (1 [pp.173, 355, 401], 2, 4, 9, 20) 
*2 FITT: frequency of the training stage, intensity of training, type of training, time of the training unit; from Pescatello et al. (2)
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(e.g., a professional cyclist or rower), the test can 
begin at a higher performance level, e.g., 200–300 W, 
and maximal performance levels above 500 W are not 
unusual. At such high performance intensities, blood 
pressure values of up to 300 mmHg can be regarded 
as normal (4 [p. 248], 22, 24 [p. 31, 479], 34).

As soon as the stress test is over, all subjects should 
be observed for at least a further 6 minutes, as compli-
cations such as arrhythmias or a drop in blood 
 pressure tend to occur during this time (4, 20). 
 Staying in motion at a low intensity (0–50 W) helps 
prevent excessively rapid blood pressure drops (1 
[p. 51], 4).

Ergometric stress testing is contraindicated in 
 persons suffering from 
● any acute or severe chronic cardiorespiratory 

 disease causing marked functional impairment 
(e.g., severe congestive heart failure, high-grade 
congenital heart defects, cardiomyopathy, severe 
arrhythmias, thromboses, malignant hypertension, 
or pulmonary hypertension), or

● any acute or severe disease of other organ systems, 
e.g., nephritis, poorly controlled diabetes mellitus, 
or electrolyte disturbances (1 [p. 51], 11, 26).

The criteria for premature termination of ergomet-
ric stress testing (Box 2) are based, among other 
things, on the experience of the physician conducting 
the test, as well as on the availability of appropriate 
emergency measures, such as hemodynamic stabili -
zation, treatment of arrhythmias, cardiopulmonary 
 resuscitation, and defibrillation, in case a severe 
 complication should arise. It follows that ergometric 
testing in a physician’s outpatient office may be con-
traindicated for a patient who can, in fact, undergo it 
in an appropriately equipped testing facility, even in 
the presence of severe disease, e.g., aortic valvular 
stenosis. The risk of a life-threatening event or death 
in a healthy person or athlete undergoing ergometric 
stress testing has fallen markedly in recent decades to 

its current level of 0–0.5 cases per 10 000 tests (1 
[p. 56], 4 [p. 248], 13). In an older study, 17 fatalities 
(mainly with supine bicycle testing) and 96 nonfatal 
complications were reported among 712 285 tested 
patients with coronary heart disease (e10).

Variables measured and the interpretation of 
 findings 
The main objective of ergometric stress testing, aside 
from the diagnostic evaluation of clinical manifes-
tations (dyspnea, dizziness, exhaustion, pain, etc.), is 
the measurement of parameters relating to exercise 
physiology for the assessment of stress and perform-
ance capacity. The main parameters to be measured and 
monitored include the performance achieved (in watts 
or km/h), heart rate (HR), ECG, arterial blood pressure 
(BP), lactate concentration (Lac), and the spiro-
 ergometric parameters oxygen uptake (VO2), carbon 
dioxide release (VCO2), respiratory quotient 
(RQ = VO2/VCO2), respiratory rate (RR), respiratory 
minute volume (V̇E), and respiratory equivalent 
(RE = V̇E/VO2).

The subjective perception of exertion is assessed 
on the Borg scale (1 [p. 71], 35), ranging from 6 (very, 
very easy) to 20 (maximal stress). Borg chose this 
range of values to reflect the heart rate of healthy indi-
viduals doing physical work: the Borg score multi-
plied by 10 can be used to compare the subjective 
 perception of exertion with the heart rate during the 
work in question. Substantial differences, if present, 
may reflect the subject’s over- or underestimation of 
his or her own reserves; they may also be seen, for 
example, in patients taking beta-blockers. For special 
questions there are also shorter Borg scales, the 
 so-called CR10 scales (35, e11).

The interpretation of findings: general considerations
The interpretation of the findings requires special-
ized knowledge and experience, particularly in view 

FIGURE 1

The probability of a serious cardiovascular event as a function of physical fitness (fitness categories based on the maximal performance 
 attained on the ergometric treadmill; N = 20 590 subjects; figure modified from Kokkinos et al. 2017 [23]) 

0 5 10 2015 25 30
0

0.1

0.2

0.3

0.4

Cu
m

ul
at

ive
 ev

en
t r

at
e

Period of observation (years)

not fit 

moderately fit
fairly fit
fit
highly fit

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2018; 115: 409–16 411



M E D I C I N E

of the wide range of normal physiologic values of 
the measured variables (both within and across 
 individuals). For example, the literature indicates 
individual ranges of 7–15% for heart rate and arte -
rial blood pressure under stress (22 [p. 161], 36, 37). 
There are no generally accepted reference values: 
many studies of highly variable methodological 
quality are available for each of the measured vari-
ables (1 [p. 62], 10, 22 [p. 161], 28, 34). 

This variability in the quality of studies is one of 
the reasons why multiple meta-analyses have not 
yielded any definitive reference values with 
 corresponding evidence levels (10, 26, 28). More-
over, the results of measurement are heavily in-
fluenced by the particular stress-inducing protocol 

used. For example, the maximal performance attain-
able in a protocol with stress increments at 2-minute 
intervals is, understandably, higher than that 
 attainable in an otherwise identical protocol with 
3-minute intervals (4 [p. 240], 7, 33). In the 
 submaximal range as well, different settings in dif-
ferent stress protocols (e.g., with respect to HR, 
VO2, and Lac) can lead to significant differences in 
the values obtained (4 [p. 270], 32, 33).

 Criteria for peak performance
The main criteria for peak performance are the maxi-
mal achieved performance, maximal heart rate 
(HRmax), maximal lactate concentration (Lacmax), 
maximal oxygen uptake (VO2max), and other  

FIGURE 2

The course of heart rate and lactate concentration in healthy 18- to 35-year-olds undergoing bicycle ergometry  (with 4-minute perfor -
mance steps). The mean values of different performance groups with maximal performance ranging from 160 to 400 W are shown (n = 334). 
These data were acquired in the setting of diagnostic studies of physical performance carried out at the Institute for Preventive Medicine of the 
German Federal Armed Forces. The minimum and maximum values and the 5th, 25th, 50th, and 75th percentiles for each level of performance are 
listed in eTable 3a ( heart rate) and eTable 4a (lactate concentration).
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spiroergometric parameters (1 [p. 147], 11, 13) 
(Table). The peak performance criteria are age-
 dependent and must be set lower for persons over 65 
(38). The  values given in the Table are reference 
 values that are to be exceeded when the individual 
achieves peak performance; in other words, only 
when at least one of the measured values exceeds the 
corresponding value in the Table can peak perfor -
mance be said to have been reached. Healthy subjects 
who have attained one of these reference values can 
and should stress themselves further up to the point of 
exhaustion.

The maximal achieved performance is more than 
just an important indicative value for diagnostic 
evaluation during exercise training (eTable 2). It is 
now considered to be a good predictor of the severity 
of illness and a prognostic criterion for patients with 
cardiopulmonary disease, and it is used in preventive 
interventions (Figure 1) (1 [p. 335, 401], 3, 15, 23, 
39). In the context of medical evaluations of physical 
performance, a distinction must be made between 
maximal performance and performance capacity. The 
latter is the highest performance that can be achieved 
without any pathological changes such as ST  elevation 
or cardiac arrhythmia (1 [p. 243], 4 [p. 279]).

Maximal oxygen uptake is considered to be the 
most important gross spiro-ergometric criterion of 
peak performance ability. Healthy persons without 
special training attain VO2max values of 30–45 mL 
O2/kg/min; world-class rowers, cross-country skiers 
and marathon runners attain values around 80 mL 
O2/kg/min. The VO2max can be roughly estimated 
without direct measurement of gas exchange by way 
of the maximal achieved performance (e.g., in bicycle 
ergometry, VO2max = 360 + 11 × performance [W]; 
in treadmill ergometry, VO2max = 4.25 + 2.98 × 
speed [km/h]), as the curve of oxygen uptake vs. 
physical performance is nearly a straight line when 
the usual ergometric test settings are used (15, 16, 24, 
e12, e13). The VO2max can also be approximated 
from the subject’s body weight, HR, and maximal 
performance with the aid of the classic Astrand 
rhyming nomogram (2, 24 [p. 273]). Some authors 
recommend the indirect approximation of oxygen up-
take from the heart rate alone, but the values obtained 
by this method are markedly less reliable than those 
obtained by direct measurement, because HR values 
in the maximal range are highly variable (standard 
deviation ca. 10%) (1, 4, 9, 18, e14).

The maximal heart rate of healthy persons under 
stress depends mainly on age, rather than the degree 
of exercise training (28, 33, e15). A further important 
factor is the mass of working muscle: a higher heart 
rate can be achieved on a treadmill than on an exer-
cise bicycle. The currently recommended formulae 
for assessment of the HRmax are, for bicycle 
 ergometry, 208 − 0.7 × age in years (e15) and, for 
treadmill ergometry, 209.3 − 0.72 × age in years (28). 
These formulae, based on measured values in large 
sample groups, are equally valid for men and women.

Interpretation of measured values in the submaximal 
performance range 
The maximal values obtained at peak performance are 
often the main focus of the diagnostic study, but values 
that are obtained in the submaximal performance range 
also have their advantages:
● The effects of training and therapy can be recog-

nized earlier and more clearly (e16).
● Motivation plays a smaller role than in peak-

 performance testing (often a problem in tests done 
for medicolegal purposes). 

● The risk of a medical event (complication) is 
lower.

● Incipient pathological changes already become 
visible at moderate intensities of stress.

Latent hypertension, for example, can become 
 evident under stress in persons who have a normal 
blood pressure at rest (e17). On the other hand, an in-
adequate rise in blood pressure may indicate cardiac 
dysfunction (e.g., systolic heart failure or arterial 
 hypertension). The response of the heart rate to stress 
can also reveal pathological changes: a low or slow 
rise in HR may indicate inadequate chronotropic 

BOX 2

Criteria for the termination of ergometric testing* 
● Symptoms:

–  dizziness, incoordination, progressive chest pain or shortness of breath
● Signs:

– ECG changes
– progressively severe arrhythmias 

couplets, salvoes, ventricular tachycardia, increasing supraventricular 
extrasystoles, atrial tachycardias, atrial flutter, new-onset atrial 
 fibrillation 

– progressive intracardiac conduction disturbance  
increasing QRS widening 
appearance of a left bundle branch block

–  progressive repolarization disorder 
ST depression: 
horizontal depression greater than 0.2 mV 
progressive ST elevation iin the electrocardiogram (ECG) (>0.1 mV) 
monophasic deformation in the ECG as ST elevation (obligatory 
 termination of test)

– hemodynamic changes
– progressive drop in blood pressure
– insufficient rise in blood pressure (less than 10 mmHg for each level of 

performance)
– excessive rise in blood pressure (ca. 250 mmHg at low or intermediate 

performance intensity) 
Note: A number of current guidelines and standard texts no longer distinguish 
between relative and absolute contraindications (see above) or criteria for test 
termination, but refer to progressive changes instead.

* after (1 [p. 56], 4 [p. 248],18, e30)
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function (e.g., in coronary heart disease or congestive 
heart failure), which the clinical history can distin-
guish from a bradycardic reaction due to training. An 
excessive rise in HR may be due to lack of training, 
hyperthyroidism, heart failure, or atrial fibrillation (1 
[p. 287], 7, 13 [p. 387]). Pathologi cal ECG changes 
(e.g., ST elevation or depression, arrhythmias) can 
arise even at low intensities of stress. Thus, blood 
pressure measurement and monitoring of the HR and 
ECG in stress testing in the submaximal performance 
range are important and, indeed, mandatory safety 
checks that can reveal ischemia, arrhythmias, and 
heart failure (2 [p. 130], 9, 11, 13 [p. 351], 23, e18).

Further very important criteria for evaluation in the 
submaximal performance range are the respiratory 
rate, heart rate, and lactate concentration curves over 
time (Figure 2, eFigure 2, eTables 3a, b, eTables 4a, b). 
In the past, various “threshold” concepts for these 
values were developed as an aid to the diagnostic 
evaluation of physical performance and the guidance 
and monitoring of exercise training (29, 33, e19). For 
example, the physical working capacity was defined 
in reference to a given heart rate (PWC 150 = the 
 performance achieved at a heart rate of 150/min, and 
so forth). This method, however, underestimates per-
formance in persons with a high maximal heart rate 
and overestimates it in persons with a low maximal 
heart rate. Moreover, PWC values depend on the 
 subject’s age and sex, among other factors (1 [p. 76], 
e14, e20, e21). The uncertainties involved in the use 
of PWC have led to their no longer being used in 
sports medicine or in clinical medicine (33).

Rightward and leftward shifts of the lactate-
 performance curve permit assessment of performance 
changes and training effects and their monitoring over 
time (33, e18, e19, e22). Many lactate “threshold” 
concepts were previously used to detect the highest 
level of performance (in km/h or watts) at which 
 lactate was still at equilibrium (33) and then derive 
recommendations for training from this information 
(1 [S. 213]). It turned out, however, that this transfer 
was only possible to a limited degree, even in endur-
ance sports (29, 31–33).

Interpretation of the post-exercise phase
In the early recovery phase after ergometric stress test-
ing, complications such as arrhythmia and circulatory 
collapse can arise, and therefore the blood pressure, 
heart rate, and ECG should still be monitored. The HR 
response in this phase also provides further diagnostic 
information: the HR should fall by at least 12 beats/min 
in the first minute of the recovery period (e23, 22), in-
dicating a good autonomic balance between sympath-
etic and parasympathetic function (e24). Delayed HR 
renormalization may indicate disturbed neurohumoral 
function due to stress, hypertension, lack of training, or 
other factors (4 [p. 287, 291], e24). On the other hand, 
slow HR recovery kinetics and high HR in the recovery 
period are normal if the subject has performed physical 
work above the limit of sustainable performance (e23).

Factors affecting the ergometrically measured 
variables
Norms for maximal performance (in watts) are listed in 
eTable 2 as a function of the main physiological factors 
affecting them—age, sex, and body weight. The 
 subject’s food intake and physical activity right before 
testing can also markedly affect performance and lac-
tate values, which depend on glycogen reserves in 
muscle (1 [p. 216], 13, 24 [p. 31, 71], 32).

Drug intake can also markedly affect ergometric 
values (eBox 2). Drugs can alter the response to stress, 
giving rise to either false-positive or false-negative 
findings on the stress ECG (e.g., ST depression in the 
absence of disease or lack of ST elevation in the 
 presence of disease). The drug(s) now being taken 
must therefore be asked about and thoroughly docu-
mented, along with the patient’s past medical history 
and current illnesses, before ergometric testing is per-
formed. Various commonly consumed substances 
such as nicotine, caffeine, and energy drinks can also 
affect the ergometric findings, possibly giving rise to 
tachycardia or an arrhythmia (1 [p. 335], 2 [p. 153], 9, 
e25).

Overview and future perspective
Ergometry is one of the main forms of preventive test-
ing in sports medicine (5, e26–e28). Its prerequisites 
are a clinical history, a physical examination, and a 
digital ECG at rest with computer-assisted interpre-
tation. If there are any abnormal findings, ergometric 
stress testing is the next step in the diagnostic  

TABLE 

Criteria for peak word load—minimal values for adults*1

Peak peformance is said to have been achieved only when at least one of these values has been exceeded.
Ergometric stress testing should not be terminated when one of these values has been reached; the person 
undergoing testing should continue working up to the individual point of exhaustion.  
Ergometric testing should, however, be terminated if pathological changes arise (Box 2).
* 1 after: (4, [pp. 268–9], 22 [pp. 168–80], 33 [p. 133], 38, e18 [pp. 123–7]);  

   Values for bicycle ergometry from (e15), for treadmill ergometry from Arena et al. 2016 (28)
*2  See eTable 2: norms for maximal performance (W) with increasing performance levels.

Performance (W)

Heart rate

Perceived effort

Blood gases and lactate

pH

Base excess

Lactate

Spiroergometry

VO2max

Respiratory quotient

Respiratory equivalent

>75% of norm*2

>208 − 0.7 × age (years), bicycle ergometry 
>209.3 − 0.72 × age 8 (years), treadmill ergometry

>17 (Borg scale)

<7.25

<9 mmol/L (normal subjects),  <5 mmol/L (patients)

>9 mmol/L (normal subjects),  >5 mmol/L (patients)

>35 mL/kg/min (men), > 30 mL/kg/min (women)

>1.15

>35
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evaluation; cardiac ultrasonography and other tests 
may also be indicated, but only after stress testing (39, 
e26, e29). It is a matter of concern that older persons 
who are just beginning to exercise regularly, as well as 
persons who only engage in sports in their leisure time, 
much less commonly undergo sports-related medical 
evaluations than high-performance athletes do. A sur-
vey of over 10 000 long-distance runners revealed that 
59.9% of the ambitious athletes, but only 46.8% of the 
free-time exercisers and 42.0% of the beginning par-
ticipants, had ever had such a check-up. The corre-
sponding figure for respondents over age 50 was only 
40% (1, 5, e26, e29).

Ergometric stress testing yields important in-
formation for the planning and monitoring of exercise 
and treatment. This is true, in particular, with regard 
to the increasing use of so-called fitness trackers that 
register fitness– and health-related parameters (e.g., 
heart rate, distance, speed, sleep duration) through 
sensors in a bracelet or chest strap. In high-
 performance sports, the transfer of ergometric labora-
tory data into detailed training plans is more difficult, 
as the sport-specific stress pattern is usually very dif-
ferent from the stress protocol used in testing. Further 
considerations regarding training recommendations 
can be found on the website of the European Feder-
ation of Sports Medi cine (www.efsma-scientific.eu).

The creation of a nationwide fitness and health regis-
try would be of great help for the individualized assess-
ment of test findings and of the course of training and 
treatment effects over time (5, 25, e28). Such a registry 
would also enable comprehensive statistical and 
 epidemiological studies and would be helpful for the 
 development and evaluation of health initiatives (e28).
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Key messages
●  Ergometric stress testing is an important means of diagnosing latent cardio -

pulmonary and metabolic disease and of monitoring medical treatment, both in the 
hospital and in the outpatient setting. 

● It is contraindicated in the presence of acute and severe diseases of the heart, 
lungs, or other internal organs. The criteria for terminating ergometric stress testing 
include both objective findings (e.g., abnormal ECG or blood pressure changes) and 
subjective symptoms (dizziness, incoordination, progressive chest pain or shortness 
of breath).

●  Physical capacity, also called physical fitness, is considered to be of prognostic 
 significance for morbidity and mortality in a wide range of diseases. 

●  Pathological changes may already be evident in an ergometric stress test with 
physical performance in the submaximal range; the same is true of the effects of 
physical training and medical treatment. The time curves of respiratory rate, heart 
rate, and lactose concentration are more informative than the threshold values that 
were previously used (physical working capacity, lactate thresholds). 

●  Ergometric measurements can be useful to both leisure-time athletes and ill patients 
by serving as a guide for the planning of physical training and medical treatment. 
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Neonatal Cerebellar Hemorrhage Due to Vitamin K Deficiency
A 17-day-old baby was presented to us because of agitation, vomiting, and an unarousable state. The 
routine neonatal examinations at the time of birth (U1) and 2-3 days later (U2) had been performed on 
an outpatient basis in two different facilities. Ultrasonography of the head revealed an echogenic lesion 
in the cerebellum associated with obstructive hydrocephalus. A head CT showed a large cerebellar 
hemorrhage with mass effect, associated cerebellar edema, and ventriculomegaly. Laboratory testing 
revealed vitamin K deficiency (Quick test unmeasurable, INR >10, PTT >180 seconds, factor VII <5%). 
The parents were from an immigrant background, spoke very little German, and were unable to tell us 
whether the child had received vitamins at the time of the U1 and U2 check-ups; vitamin administration 
at the U1 check-up was reported to us orally, but the compulsory documentation of this in the patient‘s 
yellow examination booklet was missing. Hemorrhage due to vitamin K deficiency has become very 
rare since the introduction of obligatory vitamin administration at the U1, U2, and U3 check-ups. Out-
patient obstetrical care, barriers to verbal communication, and lack of care by pediatricians should not 
be underestimated as risk factors for this serious, avoidable complication. At the age of 2½ months, 
general movement analysis showed this patient to be developing favorably.
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eTABLE 1

Recommendations for bicycle ergometric testing protocols*1

*1 after (1 [pp. 8, 21ff.],18, 33 [p.117])
*2    In high-performmance athletes, the initial performance level can also be set at ≥ 200 W (e.g., bicycle racers, rowers).

Application

Routine ergometry in sports medicine  
(Lactate) performance evaluation, stress ECG

As above in routine ergometry in sports medicine; also 
 German Olympic Sports Confederation, Olympic Training 
Centers

Routine in the inpatient setting, stress ECG, right-heart 
 catheterization, nuclear medicine

Pulmonology (including blood gases, spiroergometry,  
right-heart catheterization)

Pediatrics

5-minute break before the start of the test (“resting” values from the last 3 min); 
6-to-10-minute recovery phase after the end of the test (“recovery” values)

Initial performance level

40 W

50 W*2

50 W

(25) 50 W

1 W/kg body weight

Increment / step duration 

40 W/4 min

50 W/3 min 
(25 W steps in near-peak 
performance range)

25 W/2 min

25 W/4 or 5 min

0.5 W/kg/3 min
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eTABLE 2

Norms for maximal work load (W) with increasing performance level, by age, sex, and body weight (after [e31])

Men

Weight (kg)

 60–65

 66–69

 70–73

 74–77

 78–81

 82–85

 86–89

 90–93

 94–97

 98–101

102–105

106–109

Women

Weight (kg)

 40–45

 46–49

 50–53

 54–57

 58–61

 62–65

 66–69

 70–73

 74–77

 78–81

 82–85

 86–89

Age (years)

20–24

W

220

225

230

235

240

245

250

255

260

265

270

280

Age (years)

20–24

W

110

115

120

125

130

135

140

150

155

160

165

170

25–29

210

215

220

225

230

235

240

245

250

255

260

270

25–29

105

110

115

120

125

135

140

145

150

155

160

165

30–34

200

205

210

215

220

225

230

235

240

245

250

260

30–34

100

105

110

120

125

130

135

140

145

150

155

160

35–39

185

195

200

205

210

215

220

225

230

235

240

250

35–39

95

100

105

115

120

125

130

135

140

150

150

160

40–44

175

180

190

195

200

205

210

215

220

225

230

235

40–44

90

100

100

110

115

120

130

130

135

145

150

155

45–49

170

175

180

185

190

195

200

205

210

215

220

225

45–49

90

95

100

105

110

120

125

130

135

140

145

150

50–54

155

160

165

170

180

185

190

195

200

205

210

215

50–54

85

90

95

100

105

115

120

125

130

135

140

145

55–59

150

155

160

165

170

175

180

185

190

195

200

205

55–59

75

85

90

100

100

110

115

120

125

130

140

140

60–64

135

140

145

150

155

160

170

175

180

185

190

195

60–64

75

80

85

95

100

105

110

115

120

130

135

140
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eTABLE 3a

Heart rate values in healthy 18- to 35-year-olds with different levels of maximal work load in bicycle ergometry (achieved maximal performance 
160–320 W, 4-minute performance levels, initial level 40 W, increments of 40 W).
This table contains the minimal and maximal values and the 5th, 25th, 50th, 75th, and 95th percentile values (p) for each performance level.*

 18- to 35-year-olds

Performance groups
Heart rate at 40 W

Heart rate at 80 W

Heart rate at 120 W

Heart rate at 160 W

Heart rate at 200 W

Heart rate at 240 W

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

160 W group

13
81.2

81.2

103.8

121.8

126.4

144.0

144.0

115.0

115.0

126.0

142.0

155.0

161.6

161.6

147.1

147.1

152.2

163.0

175.0

185.1

185.1

166.0

166.0

172.1

180.0

189.2

199.1

199.1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

200 W group

24
86.8

88.0

95.8

106.4

119.5

128.4

132.7

100.3

101.8

115.3

125.3

133.4

144.8

148.2

117.4

124.4

132.6

144.6

156.9

166.6

178.5

143.0

147.1

160.6

164.7

175.6

185.8

198.4

160.0

163.0

175.9

183.6

190.7

203.9

209.3

 

 

 

 

 

 

 

240 W group

25
79.3

82.5

97.0

100.4

109.4

119.4

121.5

85.1

104.6

108.3

116.6

120.0

130.7

137.7

96.2

119.2

128.6

133.6

144.0

152.8

158.7

113.3

137.6

147.7

155.3

164.6

172.3

175.0

128.9

154.2

167.8

174.0

182.0

188.5

191.0

144.0

170.2

179.1

187.0

192.1

198.0

198.4

280 W group

29
79.3

85.8

93.2

98.6

111.0

127.6

132.0

89.8

96.3

100.9

110.3

120.0

140.5

141.4

101.5

106.0

118.4

124.0

134.0

154.0

158.4

113.2

120.6

134.1

140.0

150.0

165.9

174.0

126.5

133.7

150.0

158.0

168.4

178.9

182.0

144.0

146.0

168.8

174.4

180.7

191.0

195.5

320 W group

13
81.1

81.1

85.7

94.6

104.0

112.3

112.3

92.0

92.0

98.0

101.1

113.8

123.0

123.0

101.0

101.0

106.0

113.0

123.4

136.4

136.4

112.1

112.1

120.7

127.1

139.4

149.1

149.1

124.8

124.8

138.6

147.1

151.7

160.2

160.2

138.3

138.3

152.1

163.1

168.2

170.5

170.5
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* The data were acquired in the framework of diagnostic studies of physical performance at the Institute for Preventive Medicine of the German Federal Armed Forces.

 18- to 35-year-olds

Performance groups
Heart rate at 280 W

Heart rate at 320 W

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

160 W group

13
 

 

 

 

 

 

 

 

 

 

 

 

 

 

200 W group

24
 

 

 

 

 

 

 

 

 

 

 

 

 

 

240 W group

25
 

 

 

 

 

 

 

 

 

 

 

 

 

 

280 W group

29
161.0

165.0

179.1

186.0

190.0

202.3

203.6

 

 

 

 

 

 

 

320 W group

13
150.8

150.8

168.8

175.0

178.0

184.8

184.8

162.7

162.7

176.0

183.1

186.0

194.0

194.0
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eTABLE 3b

Heart rate values of healthy 18- to 35-year-olds with different levels of maximal work load in treadmill ergometry (achieved maximal 
 performance 10–19 km/h, 4-minute performance steps, initial speed 8.5 km/h, speed increment 1.5 km/h).
This table contains the minimal and maximal values and the 5th, 25th, 50th, 75th, and 95th percentile values (p) for each performance level.*

18- to 35-year-olds

Performance groups
Heart rate at 
 8.5 km/h

Heart rate at 
10 km/h

Heart rate at 
11.5 km/h

Heart rate at 
13 km/h

Heart rate at 
14.5 km/h

Heart rate at  
16 km/h

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

 10 km/h
group

10
163.1

163.1

167.0

172.6

178.1

180.5

180.5

175.6

175.6

183.8

187.0

194.0

205.0

205.0

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.5 km/h
group

46
133.0

139.0

151.9

158.8

166.0

170.8

173.1

155.1

163.1

171.0

176.7

183.1

188.0

190.1

172.1

175.9

181.0

186.1

192.0

195.1

197.8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 km/h
group

83
128.4

132.8

145.1

153.0

159.0

168.0

172.1

146.4

151.0

164.0

171.6

179.1

186.1

190.9

157.0

162.1

178.3

184.4

190.1

200.0

207.4

163.0

174.0

181.6

190.0

195.8

206.6

216.0

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.5 km/h
group

110
118.2

122.9

134.8

143.6

151.2

166.0

176.0

132.0

138.0

153.4

160.9

169.1

180.0

187.1

147.0

155.1

166.6

173.5

181.1

191.8

198.0

161.2

168.0

177.6

182.7

191.6

199.1

208.0

161.2

173.3

182.0

188.0

194.9

206.0

212.0

 

 

 

 

 

 

 

16 km/h
group

95
97.1

116.0

129.0

136.0

144.0

158.0

162.0

116.7

128.6

145.2

151.0

158.0

171.0

178.0

123.9

143.4

158.0

165.0

174.0

183.0

192.6

142.0

156.0

169.0

175.2

183.0

191.2

199.9

154.7

169.1

178.2

184.2

193.1

199.6

207.2

154.5

170.4

183.1

189.0

195.6

205.0

209.2

17.5 km/h
group

27
106.0

114.4

117.8

126.6

136.8

151.9

158.4

116.8

128.0

133.5

139.0

150.0

171.0

173.0

132.3

138.8

147.0

151.1

160.8

177.0

181.0

148.4

150.2

159.0

164.0

172.2

184.4

192.0

160.2

161.0

169.1

177.0

184.0

191.0

199.0

170.1

173.0

178.5

185.0

192.0

201.0

207.0

19 km/h
group

9
107.0

107.0

113.0

123.6

130.8

132.0

132.0

120.6

120.6

123.6

129.8

139.0

146.0

146.0

133.9

133.9

137.0

143.0

146.2

155.0

155.0

147.0

147.0

148.2

155.0

156.0

164.0

164.0

156.0

156.0

161.7

163.0

167.0

171.0

171.0

164.4

164.4

172.0

174.0

175.2

179.0

179.0



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2018; 115: 409–16 | Supplementary material VII

* The data were acquired in the framework of diagnostic studies of physical performance at the Institute for Preventive Medicine of the German Federal Armed Forces.

18- to 35-year-olds

Performance groups
Heart rate at  
17.5 km/h

Heart rate at  
19 km/h

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

 10 km/h
group

10
 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.5 km/h
group

46
 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 km/h
group

83
 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.5 km/h
group

110
 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 km/h
group

95
 

 

 

 

 

 

 

 

 

 

 

 

 

 

17.5 km/h
group

27
174.6

175.2

179.0

188.0

196.8

200.1

205.2

 

 

 

 

 

 

 

19 km/h
group

9
172.0

172.0

180.4

183.1

185.0

186.1

186.1

172.0

172.0

183.0

186.6

189.6

195.1

195.1
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eTABLE 4a

Lactate values in healthy 18- to 35-year-olds with different levels of maximal work load in bicycle ergometry (achieved maximal performance 
160–320 W, 4-minute performance levels, initial level 40 W, increments of 40 W).
This table contains the minimal and maximal values and the 5th, 25th, 50th, 75th, and 95th percentile values (p) for each performance level.*

18- to 35-year-olds

Performance groups
Lactate concentration 
at 40 W

Lactate concentration 
at 80 W

Lactate concentration 
at 120 W

Lactate concentration 
at 160 W

Lactate concentration 
at 200 W

Lactate concentration 
at 240 W

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

160 W group

28
1.2

1.2

2.2

2.8

3.0

4.4

4.5

1.6

2.2

3.5

4.3

5.1

6.4

6.8

4.3

5.0

5.7

6.9

8.9

11.7

11.8

6.2

8.4

9.2

11.2

13.2

14.2

16.3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

200 W group

88
0.8

1.1

1.7

2.2

2.8

3.5

5.8

1.2

1.6

2.6

3.1

3.9

4.8

8.7

2.4

2.8

3.8

4.8

5.6

7.0

8.6

3.4

4.4

5.8

7.2

8.8

10.6

14.8

5.7

6.3

8.8

10.5

12.7

15.8

18.2

 

 

 

 

 

 

 

240 W group

103
0.8

1.1

1.7

2.1

2.4

3.1

3.9

0.8

1.4

2.1

2.6

3.3

4.1

6.3

1.6

2.1

2.9

3.7

4.4

5.3

6.6

2.6

3.2

4.3

5.0

6.3

7.8

9.1

3.7

4.6

6.1

7.8

9.4

11.3

16.1

4.9

7.1

9.2

11.5

13.2

15.8

25.0

280 W group

67
0.8

1.1

1.4

1.8

2.3

2.8

4.5

0.9

1.0

1.7

2.2

2.7

3.7

5.1

0.9

1.1

2.4

3.0

3.5

4.3

5.4

1.2

2.2

3.4

3.9

4.6

5.7

8.2

2.3

3.3

4.0

5.2

6.7

8.3

11.4

1.5

4.1

6.1

8.2

9.8

12.1

14.8

320 W group

30
0.8

1.0

1.3

1.6

2.2

3.0

3.5

0.8

0.9

1.5

1.9

2.3

2.7

3.0

1.0

1.3

2.0

2.4

2.7

3.5

3.8

1.3

1.4

2.2

2.9

3.3

4.1

5.3

1.6

2.0

3.0

3.9

4.3

5.2

5.4

3.3

3.8

4.5

5.1

5.9

7.1

8.3
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* The data were acquired in the framework of diagnostic studies of physical performance at the Institute for Preventive Medicine of the German Federal Armed Forces.

18- to 35-year-olds

Performance groups
Lactate concentration 
at 280 W

Lactate concentration 
at 320 W

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

160 W group

28
 

 

 

 

 

 

 

 

 

 

 

 

 

 

200 W group

88
 

 

 

 

 

 

 

 

 

 

 

 

 

 

240 W group

103
 

 

 

 

 

 

 

 

 

 

 

 

 

 

280 W group

67
4.5

5.7

8.3

11.2

13.4

15.3

16.4

 

 

 

 

 

 

 

320 W group

30
4.3

4.4

6.0

8.1

9.1

11.7

12.3

6.3

6.8

9.8

11.3

13.0

14.5

15.4
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eTABLE 4b

Lactate values values of healthy 18- to 35-year-olds with different levels of maximal work load in treadmill ergometry (achieved maximal 
 performance 10–19 km/h, 4-minute performance steps, initial speed 8.5 km/h, speed increment 1.5 km/h).
This table contains the minimal and maximal values and the 5th, 25th, 50th, 75th, and 95th percentile values (p) for each performance level.*

18- to 35-year-olds

Performance groups
Lactate concentration 
at 8.5 km/h

Lactate concentration 
at 10 km/h

Lactate concentration 
at 11.5 km/h

Lactate concentration 
at 13 km/h

Lactate concentration 
at 14.5 km/h

Lactate concentration 
at 16 km/h

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

 10 km/h
group

10
4.9

4.9

5.8

6.9

8.7

10.7

10.7

7.4

7.4

8.2

9.6

11.4

12.7

12.7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.5 km/h
group

46
2.4

3.1

4.1

4.3

5.6

6.7

7.9

3.2

4.1

5.2

7.1

9.3

11.5

13.3

4.6

5.9

7.6

9.7

11.2

14.5

14.8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 km/h
group

83
1.5

1.9

3.2

4.0

4.7

5.4

9.4

2.6

3.0

3.8

4.6

5.7

8.2

12.4

3.0

4.0

5.6

7.2

8.8

11.7

15.2

4.3

5.3

7.9

9.3

10.9

15.0

18.0

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.5 km/h
group

110
1,1

1,6

2,5

3.0

3.7

4.2

5.4

1.2

1.9

2.7

3.3

4.0

5.2

6.9

1.4

2.9

3.7

4.4

5.4

7.5

8.7

2.6

4.3

5.6

6.5

8.7

11.2

13.6

4.6

5.8

7.4

8.8

10.2

12.9

14.9

 

 

 

 

 

 

 

16 km/h
group

95
0,8

1,4

2,1

2.5

2.8

3.9

4.5

0.8

1.4

2.2

2.5

3.1

3.7

4.6

1.3

1.9

2.8

3.3

3.9

4.8

5.7

1.8

3.0

3.9

4.5

5.2

7.1

8.3

3.5

4.5

5.5

6.8

8.7

11.6

14.1

5.0

5.2

7.2

8.7

10.7

14.7

15.5

17.5 km/h
group

27
0,8

0,9

1,7

2.0

2.8

3.3

3.3

0.9

0.9

1.9

2.2

2.9

3.4

3.7

1.0

1.5

2.0

2.8

3.1

3.6

3.9

2.0

2.2

2.8

3.6

3.9

4.7

5.2

3.0

3.0

3.7

4.6

5.4

6.3

7.9

4.1

4.5

5.5

7.2

8.3

10.7

11.4

19 km/h
group

9
1,1

1,1

1,5

1.9

2.1

2.4

2.4

1.2

1.2

1.4

1.7

2.0

2.7

2.7

1.6

1.6

1.7

2.0

2.4

3.6

3.6

1.5

1.5

2.2

2.4

2.4

3.0

3.0

2.3

2.3

2.5

3.0

3.4

3.9

3.9

2.6

2.6

3.7

4.1

5.0

6.0

6.0
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* The data were acquired in the framework of diagnostic studies of physical performance at the Institute for Preventive Medicine of the German Federal Armed Forces.

18- to 35-year-olds

Performance groups
Lactate concentration 
at 17.5 km/h

Lactate concentration 
at 19 km/h

n
min

p05

p25

p50

p75

p95

max

min

p05

p25

p50

p75

p95

max

 10 km/h
group

10
 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.5 km/h
group

46
 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 km/h
group

83
 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.5 km/h
group

110
 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 km/h
group

95
 

 

 

 

 

 

 

 

 

 

 

 

 

 

17.5 km/h
group

27
3.3

3.8

7.1

8.7

10.3

12.2

12.4

 

 

 

 

 

 

 

19 km/h
group

9
3.8

3.8

4.5

5.9

7.3

8.4

8.4

5.3

5.3

6.5

8.2

9.4

10.4

10.4
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eFIGURE 1

The course of arterial blood pressure during ergometric testing while seated on an exercise bicycle, with performance increments every 2 
minutes  (mean ±  standard deviation) (1, 4)
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eFIGURE 2

The course of heart rate and lactate concentration in healthy 18- tos 35-year-olds undergoing treadmill ergometry (performance steps of 
4 minutes’ duration, with 30-second breaks in between). The figure shows the means obtained in different performance groups whose maximal 
treadmill speed ranged from 10 to 19 km/h (n = 385). The data were acquired in the setting of diagnostic studies of physical performance carried 
out in the Institute for Preventive Medicine of the German Federal Armed Forces. 
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eBOX 1

Requirements for ergometric testing* 
● Preliminary examination

– history incl. current medications, physical exami -
nation incl. blood pressure at rest, ECG at rest 

● Test conditions
– room temperature 16–24°C, humidity 30–60%
– calibrated ergometer (certificate of conformity), 

 control monitor, continuous digital ECG recording 
and storage

– 60–80 rpm, may be higher at maximal performance
– blood pressure measurement every 1–2 minutes
– telephone number of emergency response team in 

view
● Subject

– normal body temperature
– at least 2 hours since last meal
– at least 12 hours since last alcohol consumption or 

tobacco use
– medications: adequate pause since last intake, if 

 indicated
● Examiners

– presence of an experienced physician (up-to-date 
knowledge of resuscitation techniques)

– appropriately trained personnel (trained in ECG 
monitoring, symptoms that may arise, first-aid 
measures, and cardiopulmonary resuscitation in 
case of an emergency) 

Emergency equipment is mandatory, a defibrillator 
must be on hand, the staff must be trained in what to do 
should an emergency arise, and a physician should be 
with the subject or patient at all times (permissibly in the 
next room if the subject is healthy, but in any case able 
to be at their side within one minute).

* after (1 [p. 40], 4 [p. 259], 12, 13 [p. 14])

eBOX 2

Medications that can influence ergometric stress testing*
● Beta-blockers lower the heart rate, cardiac output, and blood pressure at any 

given level of physical performance. They also raise the performance capacity of 
patients with coronary heart disease (the ischemia threshold rises) .

● Nitrates increase performance capacity and lessen the ischemic response to 
 exercise at any given level of physical performance. 

● Calcium-channel blockers of the diltiazem and verapamil types lower the 
heart rate, blood pressure, and cardiac output and increase the threshold for 
ischemia; calcium-channel blockers of the nifedipine type have similar effects, 
 except that they raise the heart rate. 

● Digitalis can give rise to a false-positive finding resembling ischemia in the stress 
ECG of 25–40% of all persons tested (including healthy subjects), and may lower 
the heart rate during stress testing in persons with atrial fibrillation. 

● Diuretics have no direct effect on the ergometric findings but may cause hypo-
kalemia, leading, in turn, to arrhythmias and a falsely positive stress ECG; when 
taken over the long term, they can cause hypovolemia and an increased heart rate 
under stress. 

● Vasodilators lower the blood pressure and may increase the heart rate at any 
given level of physical performance. 

● Antiarrhythmic drugs can prolong the QRS duration and the QT interval. 
 Quinidine can cause a falsely positive stress ECG, and all antiarrhythmic drugs 
can cause ventricular arrhythmias (proarrhythmia, torsade des pointes). 

● Bronchodilators (β-agonists, theophylline preparations) elevate the heart 
rate at rest and under stress and can cause supraventricular arrhythmias under 
stress. 

● Psychoactive drugs: tranquilizers and antidepressants can cause a falsely 
 positive stress ECG (prolonged QT duration). 

● Antihistamines (terfenadine) can cause arrhythmias (torsade des pointes or 
atypical atrial tachycardia) .

● Thyroid-hormone supplementation can elevate the heart rate, cardiac output, 
and blood pressure and worsen ischemic reactions.

* after (1 [p. 355], 2 [p. 383], 9, 26 [p. 155])


