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Effects of a fast cable car ascent to an altitude of
2700 meters on EEG and ECG
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Abstract12

In the Eastern Alps, the Dachstein massif with a height of almost 3000 m is an ideal location for investigating the effects of changes in altitude
on the human body. Within a few minutes, a cable car facilitates an ascent from 1702 to 2700 m above sea level, where the partial pressure of
oxygen is about 550 mmHg (as compared to 760 mmHg at sea level). In this study, 10 healthy subjects performed a reaction time task at 990 m
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nd 2700 m in altitude. The subjects were instructed to perform a right hand index finger movement as fast as possible after a green
repeated 50 times). The corresponding electrocardiogram (ECG) and the electroencephalogram (EEG) were recorded. From th
ate and heart rate variability measures in the time and frequency domain were calculated. An event-related desynchronization/syn
ERD/ERS) analysis was performed with the EEG data. Finally, the EEG activity and the ECG parameters were correlated.

The study showed that with the fast ascent to 2700 m the heart rate increased and the heart rate variability measures dec
orrelation analysis indicated a close relationship between the EEG activity and the heart rate and heart rate variability. Furtherm
hown for the first time that the beta ERS in the 14–18 Hz frequency range (post-movement beta ERS) was significantly reduc
ltitude. Very interesting also is the loss of correlation between EEG activity and cardiovascular measures during finger movem
ltitude. The suppressed post-movement beta ERS at the altitude of 2700 m may be interpreted as results of an increased cortica

evel when compared with the reference altitude at 990 m above sea level.
2004 Elsevier Ireland Ltd. All rights reserved.

eywords:High altitude; Cortical excitability; Event-related desynchronization (ERD); Heart rate variability; Beta oscillations

ith increasing altitude, the concentration of oxygen in the
ir remains constant but its partial pressure drops. This means

hat the number of oxygen molecules in the blood and tissues
f the body is also reduced. Normal air pressure is 760 mm of
ercury at sea level with an oxygen concentration of 21%.
t 3000 m, the pressure drops to about 550 mmHg, and at

he summit of Mont Blanc (4800 m) the partial pressure of
xygen is about half of that at sea level. A common way of
imulating high altitude is to use hypobaric chambers that
hange the oxygen concentration of the air, e.g. between 9.5
nd 15% to simulate an altitude of 2700–6500 m. But in real-

ty the concentration of oxygen remains constant and there-
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fore in the Eastern Alps, the Dachstein massif with a he
of almost 3000 m is an ideal location for investigating
effects of changes in altitude on the human body. The B
station of the cable car is at 1702 m and the TOP sta
at 2700 m. The ascent to the TOP station lasts about 7
Hence, changes in EEG (electroencephalogram) and
(electrocardiogram) activity caused by the rapid ascen
drop of oxygen partial pressure can be investigated wit
the strenuous exercise of an ascent by foot.

Up to now several studies have been conducted to inv
gate the autonomic regulation of heart rate (HR) during g
ual high altitude acclimatization[1,6,9,11,12]. Others use
hypobaric chambers to describe the effect of acute exp
to simulated altitude on heart rate variability (HRV)[2,23].
During exposure to acute hypoxia, increased sympathet
tivity results in an elevated cardiac output to compensat

304-3940/$ – see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2004.11.065
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the reduced arterial oxygen content. Because the HRV anal-29

ysis of the ECG signal in the time and frequency domains30

can be used for non-invasive investigation of autonomic car-31

diovascular regulation and sympathovagal interaction[21],32

each QRS complex (depolarization of the heart) is detected33

in the ECG signal and the distance from one to the previous is34

calculated and termed RR interval. Then the power spectrum35

of this time series can be estimated to describe the parasym-36

pathetic and sympathetic system[1,2,6,11,12,23]. The power37

spectrum in the frequency range 0.04–0.15 Hz is normally re-38

ferred as the low frequency (LF) component, and that in the39

range of 0.15–0.4 Hz as the high frequency (HF) component.40

The latter is mainly modulated by the parasympathetic sys-41

tem and the former by the parasympathetic and sympathetic42

system[12,21]. However, if the LF component is divided by43

the total power of the power spectrum then it can be seen to be44

mainly modulated by the sympathetic system[21]. The ratio45

LF/HF describes the balanced behavior of the sympathetic46

and parasympathetic systems.47

Bernardi et al.[1] measured 10 healthy sea-level dwellers48

upon arrival at 4970 m and found an increased sympathetic49

activity at high altitude. This increased sympathetic activity50

resulted in a power increase in the low frequency component51

(slow oscillations) and an increase in the LF/HF ratio. Com-52

pared to sea level, acute high altitude exposure decreased the53

mean RR interval from 1002 ms (standard deviation:±45) to54
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desynchronization over the right hemisphere close to C4. The85

recovery phase from the movement starts with movement off-86

set and typically lasts between 1 and 2 s. In this phase, the87

mu rhythm slowly returns to its resting state while bursts88

of short-lasting oscillations in the beta band occur after the89

movement offset. The peak of such a post-movement beta90

event-related synchronization (ERS) occurs at about 0.6–1 s91

after movement offset[17]. In contrast to an ERD, an ERS 92

indicates a power increase in a specific frequency band. The93

post-movement beta ERS (beta rebound) occurs mainly on94

the contralateral side (with respect to the movement side) but95

also with a smaller amplitude on the ipsilateral side. It dis-96

plays a strict somatotopic organization and coincides with a97

reduced corticospinal excitability[22]. An ERD in the alpha 98

band is characteristic of perceptual, judgment and memory99

tasks. The power decrease is greater with increased task com-100

plexity or attention[3,13,20]. 101

Townes et al. showed that sensory/motor functions are not102

inhibited at 2700 m, but the time required to learn a new task103

is increased[22]. In the literature no task related EEG investi-104

gations at high altitude can be found. Furthermore, evidence105

of quantification of the correlation between changes of EEG106

activity and ECG parameters is not available. Therefore, the107

current study has the following aims: (i) to investigate the ef-108

fects of a fast cable car ascent (within a few minutes) on both109

the autonomic and the central nervous system and (ii) to show110
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75± 57 ms. The LF power increased from 47 to 65 ms,
he HF power decreased. Another study showed an inc
f the LF/HF ratio from 1.6 to 3.2, caused by a change i
vation from sea level to an altitude of 5000 m in a hypob
hamber[2]. Kanai et al.[12] investigated the changes of H
nd HRV at altitudes of 2700 m and 3700 m in tourists.
R increased from 70 beats per minute (bpm) to 78 bpm
9 bpm. The LF/HF ratio was not significantly differen
700 m compared to that of sea level, but was significa

ncreased at 3700 m (after a 6 h ascent).
The EEG can also be used to investigate the effec

ast altitude changes on the central nervous system. I
rst stage of hypobaric hypoxia (at 3000 m) the spontan
lpha activity is decreased[15]. In a further stage starting
000 m, theta activity is enhanced in the anterior areas
trong suppression of alpha in the posterior areas of the
ccurs[15].

Beside the investigation of the altitude dependent cha
n spontaneous EEG, it is of interest to study event-re
EG changes which can be observed in motor, sensor
ognitive tasks. It is well known that the execution of mo
ent is accompanied by a desynchronization of mu and

ral beta rhythms over the corresponding cortical repre
ation areas[16]. The movement-related power decreas

specific frequency band (event-related desynchroniza
RD) can be found in EEG traces measured over the se
otor areas during, e.g. finger movements. A right hand
er movement produces an ERD in the left hemisphere

o electrode position C3 of the international 10/20 elect
ystem. Similarly, a left hand movement results in an E
 P
R

O
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hat changes in EEG and HRV measures occur also wi
he strenuous exercise of an ascent by foot. EEG and
hanges in subjects during a well-defined workload sha

nvestigated at altitudes of 990 m and 2700 m.
In October 2003, six healthy subjects (three male, t

emale, 28–57 years) and in March 2004, four healthy
ects (two male, two female, 26–34 years), participated in
xperiment (all right handed). All subjects were participa

n the study for the first time. ECG and EEG were recor
hile the subjects performed a psycho-physiological ex
ent (reaction time task). The measurements were perfo

i) 30 min prior to the cable car ride at an altitude of 99
BASE) and (ii) 1 h after the cable car ride at 2700 m (TO
ach measurement lasted about 6 min. The study wa
roved by the local human ethics committee and the sub
ere informed of potential risks, whereafter written con
as obtained. All measurements were performed insid
uildings in an extra room (room temperature was 20◦C).
fter arrival at a new altitude, the subjects rested for 1 h p

o the experiment. The subjects sat in a chair in a pre-de
ody position in front of the flashing light. They were
tructed not to move during the experiment so as to a
igh data quality.

A pocket PC-based EEG and ECG recording sys
.MOBIlab (g.tec — medical engineering GmbH, Graz, A

ria) was used for biosignal acquisition and to display
eaction time paradigm. One channel of ECG (Eintho
) and two bipolar EEG channels were recorded. The E
lectrodes were mounted 2.5 cm posterior and 2.5 cm
ior to electrode positions C3 and C4 of the internatio
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Fig. 1. Timing of the paradigm. At 2 s of the trial a green or a red light
flashes. If the green light flashes the subject has to press the button as fast
as possible. The subject is not allowed to press the button if the red light
flashes.

10/20 system. The EEG ground electrode was mounted on141

the forehead. Signals were recorded at a sampling frequency142

of 256 Hz and with a resolution of 16 bits.143

The protocol of the reaction time experiment is illustrated144

in Fig. 1. At second two a green or red light flashes for 200 ms.145

The subject’s task is to press a button with the right index146

finger as fast as possible in response to a green flash but147

refrain in the case of a red flash. The duration of the trial is148

5 s. To avoid adaptations of the subject, each trial is followed149

by a random interval of 0–2 s. The blinking sequence of the150

green light (50 times) and the red light (10 times) is randomly151

distributed. A complete experiment consists of 60 trials.152

The EEG and ECG analysis was performed with the153

g.BSanalyze biosignal analysis software package (g.tec —154

medical engineering GmbH, Graz, Austria).155

From the ECG recordings the QRS complexes were de-156

tected and the results were visually inspected to avoid in-157

correctly identified QRS complexes. Then the time interval158

from the R-peak of one QRS complex to that of the previous159

was calculated and termed the RR interval. Non-normal beats160

such as extra systoles are not considered.161

The simplest time-domain variable calculated is the mean162

heart rate (MeanHR) in bpm. More complex measurements163

can be divided into two classes: (i) those derived from direct164

measurements of the heart rate: the SDNN index is the mean165

of the standard deviation of 30-s segments and describes the166
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(VLF): <0.04 Hz, (ii) low frequency (LF): 0.04–0.15 Hz and187

(iii) high frequency (HF): 0.15–0.4 Hz. The unit of these pa-188

rameters is ms2. For normalization the LF (Lfnorm) and HF 189

(Hfnorm) components are divided by the total power minus190

the VLF component. This minimizes the effect of the total191

power on LF and HF. 192

The EEG data set was split into epochs of 6 s. Each epoch193

contained the data for 2 s prior to the finger movement and194

4 s thereafter. The EEG data were visually controlled for arti-195

facts. If the subject was not responding to the green light the196

trial was removed. If the subject responded to the red light,197

the trial was also removed. It was never necessary to remove198

more than two trials for these reasons. Trials containing eye,199

muscle or movement artifacts were excluded, resulting in200

about 35–45 trials for each subject. Each EEG channel was201

band-pass filtered into bins of 2 Hz bandwidth from 4 to 30 Hz202

and a step size of 1 Hz (i.e. the first bin was from 4 to 6 Hz,203

the next from 5 to 7 Hz, etc.) The band pass filtered signal204

was squared and averaged over all trials. Thereafter samples205

were averaged over time to smooth the data and reduce the206

variability. ERD and ERS values were defined as relative207

power decrease and increase with respect to a resting period208

measured in the pre-movement period from 0.5 to 1.5 s (ref-209

erence period). For details on the quantification of ERD/ERS210

see[16]. A bootstrap algorithm was used to find only the sig-211

nificant changes (p< 0.01). These significant ERS and ERD212
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ariability due to cycles longer than 30 s; (ii) those deri
rom the RR interval difference between consecutive in
als: the NN50 is the number of intervals which differ
ore than 50 ms from the previous interval. pNN50 is
N50 divided by the total number of NN intervals. RMS

s calculated as the square root of the mean squared diffe
f successive RR intervals.

Power spectrum (PS) analysis provides the basic info
ion on how power is distributed as a function of freque
he tachogram of an RR series is non-uniformly sam
ecause of the different length of each RR interval. Th

ore, in this study the tachogram was resampled at 2 H
btain an equidistant sampled sequence. Thereafter th
28 data points were detrended and a Hanning window
pplied. From the resulting signal the power spectrum
alculated. Then the data window was shifted by 64 sam
nd the next PS was calculated in the same way. This
epeated after the end of the data set was reached wher
he spectra of all segments were averaged. Three main
ral components were distinguished: (i) very low freque
 P
R

O
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r
-

alues are shown in the time–frequency map (seeFig. 2).
The EEG band-power was calculated in the a

8–13 Hz) and beta (14–18 Hz) frequency ranges. It wa
raged in the reference interval from 0.5 to 1.5 s, in the

ion interval for the alpha activity from 1.5 to 2.5 s, and
he action interval for the beta activity from 2.5 to 4 s. T
as done for both electrodes in each trial before calc

ng the mean of all trials and taking the logarithm ther
his yielded four parameters (reference-alpha, action-a
eference-beta, action-beta) at the BASE station and a
OP station. The differences were then calculated bet

he TOP and BASE station. These band-power differ

ig. 2. Event-related desynchronization (ERD) and event-related syn
ization (ERS) analysis of the EEG data of subject 1 (left side: BASE st
ight side: TOP station). The subject performed the finger movement
elative power decrease (ERD) is color coded red and relative pow
rease is color coded blue. The ERD occurs in the alpha band (8–1
tarting approximately at 1.5 s (0.5 s before the actual movement onse

asting until second 3 s. Post-movement beta ERS (14–18 Hz) starts a
nd lasts for about 1 s.
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Table 1
Grand average (for all subjects) of HR and HRV parameters at the BASE
and TOP stations

BASE station TOP station p-value

Heart rate
MeanHR (bpm) 69.1± 12.6 80.4± 15.4 <0.002

HRV time domain
RMSSD (ms) 33.0± 28.5 14.8± 6.4 <0.002
pNN50 (%) 9.6± 22.94 0.9± 4.7 <0.002
SDNN index (ms) 58.1± 23.8 41.1± 12.2 <0.05

HRV frequency domain
Lfnorm (n.u.) 51.1± 18.3 65.4± 19.3 <0.002
Hfnorm (n.u.) 35.1± 14.3 25.0± 14.1 <0.05
LF/HF [1] 2.1 ± 1.98 4.4± 4.1 <0.05

A paired sign test yielded significant differences for all parameters shown.

scores were created for each of the two electrodes C3 and225

C4. Similarly, difference scores of heart rate and heart rate226

variability were created by subtracting the parameters from227

the BASE station from the parameters from the TOP station.228

From these the correlation coefficient was calculated.229

Grand averages of HR and HRV parameters for 10 subjects230

in the time and frequency domains are given inTable 1. With231

the ascent, the MeanHR increased by 11.3 bpm while the232

RMSSD, pNN50 and SDNN index decreased. The frequency233

domain parameters indicate that the LF component becomes234

more prominent with the ascent and that the HF component235

is reduced resulting in the LF/HF ratio increasing from 2.1236

to 4.4.237

ERD/ERS time courses in the alpha (8–13 Hz) and in the238

beta (14–18 Hz) frequency range were calculated for each239

subject and both EEG channels. Grand average ERD/ERS240

time courses for 10 subjects are given inFig. 3 for channel241

C3.242

To perform an analysis of significance, the power in the243

alpha band was averaged from 1.5 to 2.5 s, and in the beta band244

from 2.5 to 4 s. The same was performed for the reference245

interval (0.5–1.5 s). Then all trials were averaged and the ERD246

coefficient was calculated. This was done for each subject.247

Statistical analysis of all 10 subjects with a sign test for paired248

samples showed that there are no significant changes in the249

alpha band. However, the ERD changes in the beta band were250
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Fig. 3. Grand average (for all 10 subjects) ERD/ERS time courses for elec-
trode C3. The top row represents the results at the TOP station, the lower
row the results at the BASE station. At the TOP station the alpha ERD has
a value of about−20% after 2.2 s while at the BASE station the alpha ERD
has a value of approximately−15%. The beta ERS has a value in the region
of +12% at the TOP station and about +42% at the BASE station.

is also interesting. LF/HF did not show a significant relation266

(Table 2). 267

The study showed that a passive ascent to an altitude of268

2700 m affects both the central and autonomic nervous sys-269

tem. Changes were found in ERD/ERS, heart rate, heart rate270

variability measures and correlation between EEG and ECG271

measures. 272

It was shown for the first time that the post-movement beta273

ERS (beta rebound) is significantly attenuated at the high al-274

titude compared to the low altitude measurement. Both self-275

paced finger movement and electrical median nerve stimula-276

tion are terminated by a beta rebound of similar magnitude277

and latency[16]. Corticospinal excitability was shown in the278

reaction time movement tasks to be significantly reduced in279

the first second after EMG offset[4]. These findings sup- 280

port the hypothesis that beta ERS could be related to an281

idling or deactivated state[17], or even active immobiliza- 282

tion of the motor cortex[18]. Such a beta rebound originates283

mainly in the pre-central localized motor cortex and is at-284

tenuated or even suppressed during activation of the motor285

cortex[8,19,20]. The beta ERS can therefore be seen as an in-286

verse marker for the excitability level of motor cortex neurons287

with an attenuation when the excitability level is increased.288

The suppressed post-movement beta ERS at the altitude of289

2700 m may therefore be interpreted as a result of an in-290

creased cortical excitability level when compared with the291
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ignificant (p< 0.05) for channel C3. No significant chan
ere found for channel C4.
The results from the correlation analysis indicate

hanges in the alpha and beta range over C3 are pos
orrelated to the MeanHR (+0.79 and +0.89,p< 0.01) in the
eference period. Additionally, the band-power in the a
ange of both electrodes calculated in the action perio
orrelated to the MeanHR. The band-power in the refer
nd action periods of the alpha range is found to have a
tive correlation to all HRV time domain measures over
hile in the beta range a correlation can only be found in

eference period. Lfnorm shows a high correlation ove
nd C4 in the alpha range while in the beta range only
and-power in the reference period is correlated. The n

ive correlation of Hfnorm in the reference and action per
NSL 21774 1–6

eference altitude of 990 m. At an altitude of 2700 m es
ial sensory/motor functions are not inhibited, but the len
o learn a new task is already increased[22].

The ERD indicates the activated cortical areas invo
n the processing of cognitive information and produc
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Table 2
Correlation coefficients of band-power in the alpha (8–13 Hz)/beta (14–18 Hz) ranges for the reference and action intervals and heart rate and heart rate
variability parameters

Correlation coefficients

Alpha range (8–13 Hz) Beta range (14–18 Hz)

Reference period (0.5–1.5 s) Action period (1.5–2.5 s) Reference period (0.5–1.5 s) Action period (2.5–4 s)

C3 C4 C3 C4 C3 C4 C3 C4

Heart rate
MeanHR +0.79** +0.63 +0.87** +0.67* +0.89** +0.62 +0.42 +0.21

HRV time domain
RMSSD (ms) −0.85** −0.46 −0.79** −0.54 −0.69* −0.71* −0.41 −0.17
pNN50 (%) −0.71* −0.30 −0.68* −0.39 −0.47 −0.66* −0.29 −0.09
SDNN index (ms) −0.67* −0.29 −0.79** −0.46 −0.65* −0.56 −0.26 +0.03

HRV frequency domain
Lfnorm (n.u.) +0.73* +0.74* +0.44 +0.77** +0.76* +0.59 +0.34 +0.28
Hfnorm (n.u.) −0.85** −0.72* −0.7* −0.78** −0.87** −0.70* −0.39 −0.30
LF/HF [1] +0.20 +0.53 +0.01 +0.38 +0.47 +0.03 +0.15 −0.15

For the correlation analysis the difference between each parameter at the BASE and the TOP station was calculated.
∗ p< 0.05.

∗∗ p< 0.01.

of motor behavior. An increased ERD can be the result of297

a larger neural network involved in the task of information298

processing. Such an enhancement of ERD can be found dur-299

ing increased task complexity[20], in Parkinson patients[5]300

or in subjects with lower IQs[14]. ERD changes in the al-301

pha band, however, were not significant when comparing the302

results from the TOP to the BASE station.303

Hughson et al. and Farinelli et al. studied the effect of304

long-term exposure to an altitude above 4000 m[6,11]. Both305

found increased sympathetic and decreased parasympathetic306

nervous system activity in the early phase of the acclimati-307

zation. Yamamoto et al. reported the same effect caused by308

exercise in a hypobaric chamber which simulated an altitude309

of 3500 m[23]. The increased sympathetic activity under hy-310

poxia was also found by measuring the muscle sympathetic311

nerve activity[9]. The present experiment showed that the312

mean heart rate increased and the heart-rate variability de-313

creased with the increasing altitude. The HFnorm component314

was lower at the BASE station, indicating that the parasympa-315

thetic system, which is coupled to the HFnorm components,316

was less active. If the LF component is expressed in nor-317

malized units it basically represents the sympathetic system.318

This implies that the sympathetic system was more activated319

at the higher altitude[21]. These results are in accordance320

with earlier studies performed at a 5000 m height[1,2]. It is321

interesting to note that even an altitude of 2700 m causes the322

c thout323

t324

tical325

e ffer-326

e d327

t beta328

( ntal329

a ovas-330

c pres-331

sure). In the present study it was also possible to show a332

relationship between EEG and ECG activity. It is interest-333

ing to note that only the heart rate and Lfnorm are positively334

correlated to the band-power changes in the alpha and beta335

range. Heart rate variability parameters in the time domain336

and Hfnorm always showed a negative correlation. It is also337

important to note the correlation in the reference period be-338

tween band-power changes (alpha and beta) and cardiovas-339

cular changes. The band-power in the beta frequency range340

during the action period, however, was not correlated to the341

ECG parameters. This is exactly the same EEG frequency342

range where the suppressed post-movement ERS was found.343

Therefore, during the period where the cortex shows an in-344

creased excitability level there seems to be no correlation to345

the cardiovascular system. 346

A limitation of the study is that all 10 subjects performed347

the first experiment at the low altitude and the second one348

at high altitude. This could introduce some order effects i.e.349

the subjects could be more familiar with the task or could350

be more tired the second time. For this reason a very sim-351

ple experiment with a simple finger movement was selected.352

A more complex type of movement would have enhanced353

the training effect. The tiredness can also be considered to354

play a minor role because all subjects performed the experi-355

ments between 8 and 12 a.m. and each experiment lasted only356

6 min. All subjects started with the experiment at low altitude357

b high358

a 359

xper-360

i er: (i)361
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Rhanges in HRV. Furthermore, the changes occurred wi

he strenuous exercise of an ascent by foot.
Foster and Harrison investigated the relation of cor

lectrical activity and cardiovascular response during di
nt emotional states of their subjects[7]. The results showe

hat changes in magnitude of alpha (8–13 Hz), low
13–21 Hz), and high beta (21–32 Hz) EEG activity at fro
nd temporal sites are correlated with changes in cardi
ular measures (heart rate, diastolic and systolic blood
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ecause they should not have any adaptation effects to
ltitude.

There are three main advantages of carrying out the e
ments at the Dachstein compared to a hypobaric chamb
t Dachstein the partial pressure changes and not the o
aturation, (ii) subjects are available for longer experim
up to days) and (iii) it is easier to recruit subjects.

Bernardi [1] showed that high altitude induces sym
hetic activation in sea-level natives and lower sympath
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activity in high-altitude natives. This effect was also seen367

despite long-term acclimatization at sea level by the high-368

altitude natives, thus indicating a persisting high-altitude369

adaptation which might be genetic. Thus HRV parameters370

seem to be a marker for the level of adaptation to high alti-371

tudes.372

Studies showed also decreased finger-tapping speed, re-373

duction of short-term memory and aphasic deficits[10] after374

hypoxic exposure to an altitude of 8850 m in a chamber simu-375

lation. A decrease in performance in a neuropsychometric test376

was also found in mountaineers who climbed above 8500 m377

2–10 months after having returned to low altitude. The study378

showed EEG and magnetic resonance imaging (MRI) abnor-379

malities[10]. The findings support the presumption that non-380

life threatening hypoxia may damage the brain at extreme381

altitudes. The present study showed that even at an altitude382

of 2700 m, which is a relatively low altitude, the EEG is ef-383

fected. What is happening at the cellular level during hypoxia384

is not clear.385

Even under little subjective awareness of the reduced386

amount of oxygen at an altitude of 2700 m, the beta rebound387

and HRV measures were significantly reduced. Even in a388

simple motor task such as brisk finger movement, changes389

in EEG can be observed. ERS data indicates a higher cor-390

tical excitability level at the TOP station compared to the391

BASE station. The fact that the changes were caused by a392
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volvement of primary motor cortex in motor imagery: a neurom
netic study, NeuroImage 6 (1997) 201–208.

20] M.B. Sterman, D.A. Kaiser, B. Veigel, Spectral analysis of ev
related EEG responses during short-term memory performance,
Topogr. 9 (1996) 21–30.

21] Task Force of the European Society of Cardiology and The N
American Society of Pacing and Electrophysiology, Heart rate
ability, Eur. Heart J. 17 (1996) 354–381.

22] B.D. Townes, T.F. Hornbein, R.B. Schoene, F.H. Sarnquist, I. G
Human cerebral function at extreme altitude, in: J.B. Wes
Lahiri (Eds.), High Altitude in Man, American Physiological S
ciety, Bethesda, MD, 1984, pp. 31–36.

23] Y. Yamamoto, Y. Hoshikawa, M. Miyashita, Effects of acute ex
sure to simulated altitude on heart rate variability during exercis
Appl. Physiol. 81 (1996) 1223–1229.


	Effects of a fast cable car ascent to an altitude of 2700 meters on EEG and ECG
	Acknowledgments
	References


