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Perfoming in severe environmental conditions Drager
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Impact of increasing core temperature Drager
on human physiology

muscle efficiency ‘

stroke volume ‘
heart rate t

cardiac output
sensomotoric ‘
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Comparison to fire fighters Drager

A relevant percentage of fire fighters come to death

under mission due to physiological stress

CAUSE OF INJURY
Other
14%

Struck by or
Contact with
Object
9%

physiological

other

Stress

Overexertion
or Stress
67%

Firefighter Fatalities in the
United States in 2015, U. S.
Fire Administration

90 in total

For mine rescue;

Similiar Temperatures, but even higher relative humidities!
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Outline Drdger

Body Core temperature
Thermoregulation mechanisms in different environments
Core temperature measurement technologies
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Drager's experience with non-invasive core temperature measurements
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Physiology

Drager

tissues and organs

Interaction between physical and biochemical processes in cells,

’ enzymes denature
\\e((“\o circulatory failore | 42°C

N :

‘(\nge severe hyperthermia | 40°C
fever | 37,8°C
37,2°C
37°C
36,5°C

shivering .
@

28°C | circulatory collapse

42,6°C

only ~2
degrees

Schmidt, Thews
Physiologie des Menschen
(2000)
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Body core temperature Drager

core

temperature
IS kept constant

36 °C

80 W metabolism

muscle efficiency
n~25%
(depending on exercise
and training level)

32°C_g 380 W

heat
remaoval

300 W heat generation 283

periphery
and surface

can vary strongly
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Outline Drdger

Body Core temperature

Thermoregulation mechanisms in different environments

Core temperature measurement technologies
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Drager's experience with non-invasive core temperature measurements

8|32 Core temperature sensing: New Technologies to accurately measure an essential parameter to improve Safety of Mines Rescuers | Dr. Marc-Florian Uth | 09/05/2017



Mechanisms of heat removal
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For all mechanisms, the surface temperature is significant
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Heat transfer in different environments Drager

heat transfer due to respiration is neglected

Evaporation
18W Convection

Temp. 19W' R adiation

increase 43W
ow
‘ - Conduction
ow
Total Metaboh
80W -~
4
mech.
performance
ow
Hidity Temeature
at rest Total heat prod: 80W Env. Temperature: 20°C Humidity: 50%
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Heat transfer in different environments Drager

heat transfer due to respiration is neglected

Evaporation

18W Convection
Temp. 19W Radiation
increase 43W
4 oW Conducti
onduction
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Heat transfer in different environments Drager

Evaporation
228W

Temp.

increase
ow Convection
- 53W

Radiation
99w

Conduction

Total Metabo oW

480W

mech.
performance
100W

Humia/i‘ty Temperé{fure
100W mech. Effort  Total heat prod: 380W  Env. Temperature: 20°C Humidity: 50%
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Heat transfer in different environments Drager

Evaporation
228W

Temp.
increase
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Convection
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Radiation
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Conduction
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Heat transfer in different environments Drager

Evaporation
327W

Temp.
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ow
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Heat transfer in different environments Drager

°c Evaporation
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Comparison to Climate Tables
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Drdger

+1,6 C/35min

The WHO limit for core
temperature is 39°C

Humidity: 90%
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Temperature trends show significant inter-individual Drager
differences in body efficiency and ability to remove heat
2.0

\ \ \ \ \ \ \ \ \
——BG4-1 ——BG4-2 ——BG4-3 =% BG4-4 ——BG4-5 174-2 174-3 174-4 174-5 174-1

] AT =~
10 mine rescue workers

- similar tasks ‘
- similar environments

1.0K
o

1.5 4

Temperature Change -Degrees C

monitoring can help to
determine inter-individual differences

-10 Start 10 20 30 40 50 60 70 End 10

Minutes In Exercise

[F. Varley]
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Outline Drdger

Body Core temperature
Thermoregulation mechanisms in different environments

Core temperature measurement technologies
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Drager's experience with non-invasive core temperature measurements
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Conventional methods to measure core temperature Drager

Non invasive:
Head: Ear (IR), forehead,

Invasive or mild invasive:

Head: ear (contact), oral

nasopharyngeal
Neck: Carotis externa

Chest: esophageal
pulmonary artery
(Gold standard)

Lower
body: rectal

)|
bladder ] ;
we 'y

|
. : 31°C 4' : . : :
Invasive . non-invasive
|
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New Ideas to measure the core temperature Drager

Outer Middle Inner
ear ear ear

|| |+ High accuracy only if measured at
2 tympanic membrane

& — * high perfusion
ﬂﬁh (Tyapaaic Audtory

* Dbut...
. ear chanal is not straight
wwe? -~ » individually very different

« changes in environmental temperatures
might affect local temperatures

Mastoid process

Yeoh et al. (2017)
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Zero-Heat-Flux thermometry Drager

« Two temperature measurements X T
- one heater A T U
’ Q

 heateduntil T; =T,
« ThenT, =T, =T, /
« only works for T, > Ty — \\\ \\/},
« poor performance when

environmental conditions vary

strongly
* higher energy consumption 5 >

Bias: -0,23°C, SD=0,41°C
Eshragie et al. (2012)
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Dual-Heat-Flux thermometry

« Four temperature sensors needed

« still under investigation

« sensor might need to cover a large
area

ky(Tpy —T¢) = kp(Thy — The)
kT(Tll - Tc) — kl(le - Tll)

Drdger

XA Ty Ty

47 Tho
\Tu, \Th

>

Te Tcl

Bias: 0,09°C, SD=0,13°C
Huang et al. (2013)
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Dual-Heat-Flux thermometry

« Four temperature sensors needed

« still under investigation

« sensor might need to cover a large
area

ky(Tpy —T¢) = kp(Thy — The)

. (T T N I, (" T N
R\l — Ic) — Ri\U12 = 1[1)

We found out:
kr is similar for every human

Drdger

[ \Te TeT
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Outline Drdger

Body Core temperature
Thermoregulation mechanisms in different environments
Core temperature measurement technologies
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Drager's experience with non-invasive core temperature measurements
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Monitoring of body core temperature with Drager Tcore Drager

thermal insulation (k) _/\/temperature element (T,,)
tissue (k) N - /temperature element (T, )
\ /\/

k
Teore = Tha + 7= (Th1 = Tha)
g

S~ 1@r
y . N

« current design for clinical application

 identification of body core temperature
with measurements on the human
skin

« easy handling of the sensor

* non-invasive method
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Study on patients undergoing surgery

26| 32

Method: 68 patients in OR and ICU
Validation of the reusable Double Sensor
with oesophageal temperature

on two forehead positions

Drdger

MEDICAL
m UNIVERSITY

OF VIENNA
OR.,

Bias: -0,xx°C, SD=0,29°C

(2002)



b) study on fire fighters under physiological strain: Drager

N\,

[ime [min]

Method: 20 subjects under physiological strain

under three different controlled ambient conditions

Bias: -0,xx°C, SD=0,33°C
(2002)

Validation of the Double Sensor with rectal temperature Sl NTEF

2732

on “spider”, vertex, sternum and forehead position



Fire fighter study Drager

mean core temperatures at 25 °C ambient temperature

Core and mean skin temperatures, 25°C
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Comparison with invasive temperatures

Drdger

Thermometers gtar.'d‘?‘rd
eviation
OeSOphagUS (pulmonary artery) 030 OC
Oral (pulmonary artery) 043 OC
ReCta| (oesophagus) 041 OC
0.34 °C

Bladder (oesophagus) o
0.41 °C
neonates (ecta 0,15 °C
Double Sensor forehead (esopagus) 0.29 °C
Vel’teX (rectal) 033 OC

Source

Lefrant et.al.: Temperature measurrementin intensive
care patients: comparison of urinary bladder,
oesophageal, rectal, axillary, and inguinal methods
versus pulmonary artery core method; Intensive Care
Med (2003) 29: 414-418

Lawson et.al.: Accuracy and precision of noninvasive
temperature measurement in adutl intensive care
patients, American Journal of Critical Care, Sept.

2007, Volume 16, No.5 p.485 — 496

Brauer et.al.: Bestimmung der
Korperkerntemperatur,
Anaesthesist: 1997:46:683-688

Brauer et.al.: Bestimmung der Koérperkerntemperatur
Anaesthesist: 1997:46:683-688

Brauer et.al: Einfluss der Blasentemperatur bei
intraabdominalen Eingriffen: Anasthesiol Intensivmed
Notfallmed Schmerzther 2000;35

Kimberger et.al.. Accuracy and precision of a novel
non-invasive core thermometer, BJA: May 2009

Gunga et.al.: A non-invasive device to continously
determine heat strain in humans. J of Thermal
Biology Vol. 33, Issue 5, p.297-307

We can't be better than invasive methods! However, these are respectable results!
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Monitoring of body core temperature with Drager Tcore Drager

Drager Tcore at the International
Space Station (ISS)
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Summary Dlﬁger

Trend of Body core temperature depends on...
« environmental conditions

« work load

 training level T — f ( )
 clothing C "t

* hydration

New technologies make non-invasive core temperature monitoring possible.

Monitoring of core temperature might...
* reduce the risk of heat strokes/heat stress
 allow a selective control of operation time

@ * reduce risk of overestimation of one's capabilities
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Can new technologies support established routines? Drager

planning based on: planning based on: accounts for:
worst case environment variable environment variable environment
average human physiology average human physiology individual human physiology

What's your opinion?
We appreciate your comments and are looking forward
to discussing this topic with you.
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Drdger

Backup
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What can we do with it?
In training and during a mission

shift heavy work
- investigate individual heat

stress resiliance

- optimize workflow to avoid
fast increase of core
temperature

- optimize hydration

- plan breaks

Dréager. Technology for Life®




Bland Altman diagram
at 25 °C ambient temperature

Environmental temperature: 25°C
mean = 0.20 K, SD =0.33 K, r =-0.20

mean+2SD

Difference rectal temperature — Double Sensor (°C)
D)
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R o
_____ mearts2SD
o) @
,. ©
w%
[ [ [ [ [ [
36.5 37.0 37.5 38.0 38.5 39.0

Average of rectal temperature and Double Sensor (°C)

35|32

Drdger

published:
ICEE 2005 Ystad

At 25 °C
mean = 0.20 K
SD=0.33K
CCC=0.81

Gunga et.al.: A non-invasive
device to continuously determine
heat strain in humans; Journal of
thermal biology; March 2008



Bland Altman diagram Drager
at 25 °C ambient temperature
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a) Study on neonates Drager
80 patients in incubators: forehead position
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First concept proof on neonates in incubators

Bias: -0,18°C, SD=0,15°C
(2002)

Validation of the Double Sensor on 80 neonates

in incubators with rectal temperature

on forehead and abdominal position Published 2002:
Standard deviation: 0.15 °C
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