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The system ,clue medical®, a mobile cardiac complex analyzer was developed
in cooperation with the IMBP Moscow

The task for the development of “clue
medical” was:

High precision and performance with the smallest
possible dimensions as well as ease of use.

Ability of application for flying personnel under
extreme  conditions, including a cosmic
application, high-performance sport, mountain-
climbing, submarine, and many more.

Broad applicability for normal medical cases at
highest global mobility of data transfer via
everyday communication systems, particularly
mobile radio.
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Apart from the ECG, the focus of medical interest are the dynamics of cardiovascular
functioning, primarily the influence of the autonomic nervous system on the
cardiovascular state under particular operational and stress conditions, as well as the
regenerative ability.

Problems with the previous analyses and methodology: For the determination of
these data the R-R distances derived from the ECG are subjected to an analysis of a
Fast Fourier Transmission (FFT), both in the time domain (HRV) and the frequency
domain. The parasympathetic nervous system is exclusively and indisputably
associated with the frequency range. In low-frequency range the activities of both the
sympathetic and the parasympathetic nervous system are captured. This complicates
or rather distorts the exact assessment of the constituents of the spectral analysis, the
balance derived thereof (quotient of LF and HF) and hence the diagnostics. As a
result, clear statements about stress are only conditionally true. Therefore we have
developed a new method to allow a specification of the assessment of the LF and HF
shares of the spectrum, and thereby improved the diagnostics. The fact that so far the
average heart rate was inadequately included in the analysis as important determining
factor within the usual calculation was a fundamental realization and thus was taken
as a basis for the method.
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. _ Algorithm for the assessment of
Mol ol =My The sympathetic and parasympathetic
Influence in the form of spectral
M o Measures,
R including balance
sympathovagal balance B= %7
MHF
and . .
o — W ith this, statements about stress
sympathovagal balance B = i¥ of S £ T are evident.
M o 70mmn”
Where:

M LF spectral measured value for the LF frequency range
MLF* spectral measured value LF, which represents a measure for the
sympathetic activity and stress, weighted with the square of the average heart rate
M HF spectral measured value for the HF frequency range, which represents a measure for
parasympathetic activity, relaxation and recovery (no weighting)

B sympathovagal balance as the area ratio of the LF and HF range weighted with
the square of the average heart rate




4th European Congress
“Medicine in Space and in Extreme Environments
Achievements for Health Care on Earth”

Lecture Berlin, 25.10.2007

2
B I t f
— e medical nterface
e ical“ with
S o s o e A »,clue medical® wi
! . . Surname: - ———

o Forename: - |

& »\_.Mﬂl,/:,,;uu/\w‘,q\‘,/\,,,,\ Au m,,,ﬂl‘/»\m,.,.u,/\ ,,,,4{/\_\ AJV»«_,NT/ Date of Birth: :

T - . r Remarks: all baste .
e et e o | + ECG transferred via
i e e R | signals

Journal: 0002598 / 65535/ 65535~ ~=amforbest] |
Device ID: 00066 v0.13 107 of 107 beats |
Channel: cable ° T h I I " I I
Recording: 2007-07-19 09:55:49 | a C O ra
0 Lransrélission: %EDS?-G_?-JQ 10:03:35 |
sz eart Rate: 3 min . S t
Heart Period: 1105 ms o o oegay o n
geuu: E%ﬂg%s CR +§n:,ec[;]o S o peC rU| I I
) - Tachogram .
~ | 0 2000
. : . 1800
i 7 { { { s { i = 40 1800 -
I 1 . E arocveorda] 140 £
E . radyca .
AN e e e e e e 2 \/\/\f\/\/\ 1;35‘%
. | x 60l 1000 &
H Mormal Fl
e et a o i SR =Y AR a sy GNa=E samas EmEy] 8 g e £
19 “E OT a test person
I Tachysarsa oo
200
. I . i . i . i . i . 200
0 20 40 80 80 100 120
0002508 Time [s]
Spectrum
0.100
T oY _ LF = 445 4 ms®
T : HHH noso HF = 705.8 ms®
gt e e e e e ¥ omm n LFHF = 0.63
CEEm . i ‘ | | ! . 1 5 / .I M =70.5%
. . N N [ X 2 0.010 \ M= 147.0 %
z \ . HF 7
U N Ay R A e g R s ama e N 2 0005 ll'\jlll’\ | l' \: weighted Balance = 0.48
X , ] 1 z / | | |"\
£ nooz I Wi \ | I \I
I ~ jmmmy f\‘,\ - ,,,N\‘, AN A.\‘,»/\f Y S ) I| |/ II | | Y ,/\
! 1 ! 0.00 | \f \ ||\ I
] ] ] 1 N I ] N | ||| |I | I I| | .
d 0.0005 L—d —
o i Mm@ m ey S SA s s u R SRR e T il 0.04 04 015 02 0.3 04 0.5
| | | i i | i | LF } HF |
Frequency [Hz]




0000000

cable
L1017 165622
:

bbb e e b B
the Do e o D Jo b o
[EGRH S % Z8S8 A PNSR SRS VASRY S S
‘”‘L’LJULJL& L L"\_JL""@M, JL"‘L,L‘LHL“‘“'LJV’LJL’L“

ki

i bbb b bl s e
i LJ&J\M JJL b
/L ,J/‘hQL/L,AL‘LWL“\,,,, i J[/\q',/‘"xx\ HA ,,‘L‘LJ/"‘LWL“L

Y viums ,JIJ"\ Im \JIL/F\L,,,J—/A\__ JL“‘\,,,M\[/‘-_ JL/FL,

bbb bbb

4 7«L }L’JJVK L Ju 4»/ = r’ga L'LJJ‘ JL/‘_J

§M JJ‘L AJ‘\, T LL ;LL ~JH‘1\\~.,JL"\;A,J-/W‘_ ,JL”LJ A ,,Jr/"\wﬂ/’\\L\ 5 JL

Zomivs ey

L/ JLJJ\ ’Lkwumt Wi v,u N./Ju A

Fremdlogo

4th European Congress
“Medicine in Space and in Extreme Environments
Achievements for Health Care on Eart

Lecture Berlin, 25.10.2007

clue medical

Surname:
Forename:
Date of Birth:

Remarks:

all baats

Journal:
Device ID:
Channel:
Recording:

Transmission:

Heart Rate:
Heart Period:
SDNN:

CV:

0003297 /270 average for best
01513 v0.19 134 of 135 beais

cable
20071017 16:56:22
2007-10-17 17:28:26
68.1 mini

881 ms
40 ms

Tachogram

]

Heant Rate [min' )

L
20

40 a0 E0 100
Time [s]
Spectrum

LF = 450.5 ms*
HF =333 5 ms®
LF/HF = 1.35
Mg =1122%
M= 69.5%
weighted Balance = 1.61

/I |
WA, _ \ fjg AAN M/\

: HF |
Freguency [Hz]

0.5

g
b

prior to stress



4th European Congress
“Medicine in Space and in Extreme Environments
Achievements for Health Care on Earth”

Lecture Berlin, 25.10.2007

Fremdlogo clue medical

Surname:
Forename:
Date of Birth:

Remarks:

‘average for best

Journal: 0003300/5/0
Device ID: 01513 v0.19 231 of 358 beats
Channel: cable

Recording: 2007-10-17 17:21:30

Transmission: 200741 D-1T 17:28:26

Heart Rate: 181.4 min”

Heart Period: 33 ms

SDNN: Ims

CvV: 0.8%

Tachogram

during stress

1
&

Heart Rate [min™
2

a 0 40 a0 an
Time [5]

Spectrum

) M =
weighted Balance = 111.46

0.04 0.1 0.15 02 03 0.4 0.5
I

—— LF } HF
Freguency [Hz]




TELOVITAL

0003307
01513

Journal
; 2
TELOVITAL 5057107 18248

ki w300 B

Somm B

A A

e errwr\ ALy

g S /“/‘R/Jb/yﬂ l/\,/d"/\ JL/ \,,AM\ . L,rq‘/k,l/\ld‘/\ /M\‘

e

JL/ NP JURREANBIAuS !/\, /,J\A,ﬂywﬂ\f Jv/“\wﬁvf'x

0003307
01513

ix
2007-10-17 18:18:44
n 20071047 1822316

4

i/L,\/ ,4/ J/ 44 Fﬁ/ul/L Jqu_N\J/
b fim i ~4r
1}/4/\ anGE \,AL/\ B

J/;Al/L Lll/ qf\ & A/ _,1g

e l/¥ II/

ll/\ JrLJrng IW/\ 1’

o 'M!/\ J/\ y J//J‘/ !/ J/Wl(/ t/\L

0003307
01513

TEL@VITAL

i
2007-10-17 18:13:44
200710447 1823716

fﬁ' . 4,/\ »g/ ,)!1/“ Jl/\ |/ AJ/Q,J/ H_NL M( ok /\,,l/ \/{/

)uf\, 1 Mu

S B

"L \L ﬂ;f JJ/ ~'/ ,—l[/\\_fln\,u‘/\ J‘/\AJ/ \,,J/‘QV (\_ q]‘ -

'/LJDMA 4‘( ,,J/\ A u\r/w ]‘ LNLA,

g

4th European Congress

“Medicine in Space and in Extreme Environments
Achievements for Health Care on Eart

Lecture Berlin, 25.10.2007

Fremdiogo

clue medical

TEL@VIT

AL

Surmame:
Forename:
Date of Birth:

Remarks:

Journal:
Device ID:
Channel:
Recording:
Transmission:
Heart Rate:
Heart Period:
SDNN:

CV:

an

0003307 F1170
01513 v0.19

fixed

20071017 18:18:44
2007-10- ;I? 1823116

3.4 min

818 ms

37 ms
4.5%

Tachogram

all beats i

average for best
143 of 145 beals

Heart Rate [min ')

n L
Li] 20

20 80
Time [s]
Spectrum

g

o010

e =2 9

Power Density [s3Hz)
=1
w

0.002

0.001

LF = 344 5 ms®
HF = 151.0 ms®
LF/HF =228
My =996 %
M= 315%

= weighted Balance = 3.17

0.0005
o

o 15 u.:
" HF

03 D4

Freguency [Hz]

0.5

post stress



4th European Congress
“Medicine in Space and in Extreme Environments
Achievements for Health Care on Earth”

Lecture Berlin, 25.10.2007

About the technical
concept:

For illustrative purposes
Solid electrodes and
adhesive electrodes for
stress conditions,

infrared/ acoustics

Recording time normal 2min. or 30 sec  Send / Analyze

For stress examination or various specific functions, especially for the
determination of heart rate variability (HRV) and regulation of the
sympathetic/ parasympathetic nervous system, recording times of up to 24
hours are possible, including the recording of individual ECG sections and
data transmission via mobile radio for analysis.
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Examples:
* Utilization during long-distance flights on civilian or military aircraft

* Monitoring of the starting or landing phase of space flights
* Transmission during the flight phase or after a flight




The system flow.

Transmission
Infrared or audio”

theplnterne Analysis of
cellUlagphonanetworkedlandline the data

: Telovital
Recording ._ Service Center
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Examples of utilization in a civilian context
Cardiovascular diseases

Diseases with a strong influence on the heart and peripheral vascular
systems as well as dominance of the autonomous nervous system, such as

Diabetes mellitus, psychiatric und psychosomatic/ neurological conditions,
chronic renal failure / dialysis patients, sleep medicine, pharmacology

Sports/ sports medicine

Accompaniment as measuring and control device for therapy; therapeutic
effect with regards to the increase of vagal tone and particularly all stress-
related diseases



Outlook:
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1. Derived from clue medical for better mastery of stress in everyday life

clue
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2. Measurement of stress in flight personnel in the civilian and military
sectors

3. Mars 500

In the context of the further contractual cooperation of Telovital and
the IMBP, integration into the project “Mars 500" and the utilization
during various training programs for other space projects up to the
application in orbit are planned and under way.

We are open for cooperation with interested parties

Thank you for your attention!



