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O TOS

(Silent Operating Theatre Optimisation System)

IS a complex
- Innovative noise reduction system  and
- Information management system
for medical staff in operating theaters,
enhancing focus and reducing fatigue and errors

scalable to the most diverse (high  -tech) environments
SXTOS¢ the smallest working world 4.0 environmen
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HIGH NOISE AREA

HEARING PROTECTION
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Information and Noise Management
In Operating Room Environments

Backgroundnformations

CAUTION

HIGH NOISE AREA

HEARING PROTECTION
MAY BE NECESSARY
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Backgroundnformations

Aincreasing number of high -tech equipment
AOperating noise levels have risen up to situation at a highway
AQualified staff must communicate safely (+12 dB)

Aincreasing number of images, communication packages, technical details,
data, procedures - lead to an information overload

ANegative noise effects on creative, intellectually demanding work
Ano valid solution established
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Sum of equal sound sources

A10 devices with 60dB:

[u]
= —
10 x 60dB = 69,997dB
E ]
% 7
A in other calculation ;‘_”
with every equial device plus 3dB o /

Anzahl der Schallquellen =

Alncrease of 10dB is perceived twice as loud

uuuuu
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speech intelligibility
Is directly dependent
A on the background noise level,

A the reverberation time
A the space shape
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speech intelligibility
Is directly dependent
A on the background noise level,

A the reverberation time
A the space shape
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noise effects in OR

described in many studies
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dangers are overlooked

fine motor skills deteriorate

noise effects in OR - concentration problems
described in many studies decisions are not made optimally
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noise effects in OR concentration problems

described in many studies decisions are not made optimally
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Whatcanwe do?
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C.R.Engelmanret al. A NoiseReductionProgramin aPediatric
Operation Theatrés AssociatedVith Surgeon'Benefits and
aReducedRateof ComplicationsAProspectiveControlledClinical Trial",
Annalsof Surgery Volume 259|ssue5, Seiteril0251033
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Workingmemoryc Modell gaddetey, 2000

memory € S
me m@. sy € L

7 + 2 Chunks

oThe magical number seven, plus

(George Miller, 1956)
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Workingmemoryc Modell gaddetey, 2000

Statusof bleeding

Whatis my strategy Feed baclassistent
Patlentdata

Technische Alarme \
N\

[/ £ 2 Chunks
! N\ N
Whatisthe nextstep My Strategy
Whatdo the nurse Phone
X-Rays
Useof surgicalinstruments Staffcomunication X

Whatl| seec howto do
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e what we need :

Precise professional communication

A takes place in a quiet atmosphere

A is directly

A undisturbed by nonsense information
A individual

A fucusable

A adapt dynamically

one has unfortunately (in medicine)
"audio" almost completely forgotten

N
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fully customizable digital matrix for  informations
audio layers for each team member

iIncluding alarms, machine signals

SOTOS teChnique external parties

controlled background music
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SOTOS Matrix
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Elektr. Messer

Assistent 1

Instfrumentierende

Maschinist

Klassik

Chef BUro ... incl. Videoanbindung

Kardiologe

: UMG



SOTOS Matrix O

Chirurg

Assistent 2

Instrumentierende

Springende

Gast

‘?9 Rock

Telefon
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SOTOS Matrix
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Chirurg
Alarme Kreislauf Patient
Alarme HLM
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SOTOS Matrix
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DOTOS User Controlled Interfaces

the only necessary personal interface to the SOTOSmachine

SOTOS
UCI meets the
at touchscreens |, Philips Azurion
smartphones and UMG Hybrid

windows -applications Operating Room
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Findings SOTOSO Study
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Heart Surgery DaVinci Robotic Surgery
22 Surgerys 32 Surgerys
11 with and 11without SOTOS 16 with and 16without SOTOS
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Findings SOTOSO Study

with use of SOTOS

v

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

Aless stressed right after the surgery .

(p <0,05) * *%
A!es()%5)tired because of the surgery R

p< ’
A(evoeog more active at end of the OR

p< 7 2—
Alesshumor acts

(p < 0,05)

Alessspoken words ’ sotos o 0TS
(p <0,05)

Ait is much quieter in OR

(p < 0,001)
Afewer germs in the surgical field
(n.s.)

A(Hear)t rate isreduced (because of lessstress)
p <0,05

Means

Error bars: +/- 1 SD
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Findings SOTOSO Study

with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

A!esos%)stressed right after the surgery
p<0,

A!es()%5)tired because of the surgery R
p<0,

A(evoeog more active at end of the OR
p <0,

Alesshumor acts
(p < 0,05)

Alessspoken words
(p <0,05)

Ait is much quieter in OR

(p < 0,001)
Afewer germs in the surgical field
(n.s.)

A(Hear)t rate isreduced (because of lessstress)
p <0,05

v

Means
*

ohne SOTOS

Error bars: +/- 1 SD
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Findings SOTOSO Study

with use of SOTOS

A less stressed during the operation s00-
(heart surgery: p <0,05; DaVinci p<0,001)
A!esoso )stressed right after the surgery :
p <0,05 ¥ 300+
A!es()%5)tired because of the surgery - :
p< ’
A(evgeog) more active at end of the OR
p< ’
Alesshumor acts
(p < 0,05) '
Alessspoken words
(p < 0,05) 000
Ait is much quieter in OR SOTO8 ohre SOTOS
(p <0,001) Error bars; +- 1 SD
Afewer germs in the surgical field
(n.s.)
A(Heoe(}r)t rate isreduced (because of lessstress)
p<0,05
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with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

Aless stressed right after
(p < 0,05)

the surgery

Aless tired because of the surgery

(p < 0,05)

Aeven more active at end of the OR

UNIVERSITATSMEDIZIN = | MG
GOTTINGEN = U

Findings SOTOSO Study

4,00

Means

(because of lessstress)

(p < 0,05)

Alesshumor acts
(p < 0,05)

Alessspoken words
(p <0,05)

Ait is much quieter in OR
(p < 0,001)

Afewer germs in the surgical field
(n.s.)

AHeart rate isreduced
(p < 0,05)
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| Findings SOTOSO Study
with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

A!esoso stressed right after the surgery
p<0,05
Aless tired because of the surgery
(p <0,05) . %
A(evoeog more active at end of the OR
p<0, 2
Alesshumor acts > :
(p < 0,05) g
Alessspoken words
(p < 0,05)
Ait is much quieter in OR
(p < 0,001) .
Afewer germs in the surgical field Funkion im OP-Sas
(n.s.)
A(Hear)t rate isreduced (because of lessstress)
p < 0,05

a
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Findings SOTOSO Study

with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

Aless stressed right after the surgery

(p <0,05)
A!es()%5)tired because of the surgery
p< 1 16000 - *%
A(evoeog more active at end of the OR
p<O0, z
Alesshumor acts T
(p <0,05) .g 10000 -
Aless spoken words > ow
(p < 0’05) E‘ 6000
Ait is much quieter in OR L
(p < 0,001) |
Afewer germs in the surgical field N | ‘ | - | J | ‘ | ‘
(ns) 5 Al An HLM Mrs Spr

Funktion im OP-5aal

A(Hear)t rate isreduced (because of lessstress)
p <0,05
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with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

Aless stressed right after the surgery

(p < 0,05)
A!es(:)%s)tired because of the surgery
p <0,
A(evoeon) more active at end of the OR
p<0,05
Aless humor acts
(p <0,05)
Alessspoken words
(p < 0,05)
Ait is much quieter in OR -
(p < 0,001)
Afewer germs in the surgical field
(n.s.)
A(Heoa(}r)t rate isreduced (because of lessstress)
p<0,05
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Findings SOTOSO Study

with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001)

Aless stressed right after the surgery

(p < 0,05)
A!es()%5)tired because of the surgery
p<0,
A(evoeog more active at end of the OR
p<0,
Alesshumor acts
(p < 0,05)
Alessspoken words
(p <0,05)
Ait is much quieter in OR
(p < 0,001)
Afewer germs in the surgical field >
(n.s.)
A(Heo%r)t rate isreduced (because of lessstress) control group
p<0,05
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Findings SOTOSO Study

with use of SOTOS

A less stressed during the operation

(heart surgery: p <0,05; DaVinci p<0,001) ::: )

A!esé% )stressed right after the surgery HEGNA VS
p <005 Fol A | TR

A!es(:)%s)tired because of the surgery
p <0,

Aeven more active at end of the OR fo| it bkl
(P =009 T =% Kontrolle

A lesshumor acts = Versuch
(p <0,05)

Aless spoken words
(p < 0,05)

Ait is much quieter in OR

(p < 0,001) 95 t

Afewer germs in the surgical field —

(n.s.) 00

EEEEEEEEEE
SSSSS

105 ¢

100 ¢

p<0.01

Herzfrequenz (beats/min)

A(Heoa(}r)t rate isreduced (because of lessstress) -
p <0,05
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ASSISTIVE TECHNOLOGIES

New technical solution to minimise
noise exposure for surgical staff:
the ‘silent operating theatre
optimisation system’

Martin G Friedrich," Margarete Boos,> Manuela Pagel,? Tobias
Thormann,? Adel Berakdar,' Sebastian Russo,? Theodor Tirilomis'

ABSTRACT

The increasing number of technical equipment
in the operating room (OR) is resulting in
significantly higher noise levels. The more
complex and sophisticated the surgical
procedure is, the more essential it is for all

team members of the OR to work together in

a harmenious fashion to process and manage
their demanding team tasks. With increasing
noise in OR, the risk of more frequent errors also
increases. The reduction of noise production

in the OR is possible but limited. The aim of

this study was to develop a device that reduces
ambient noise for the operating team without
hindering their ability to communicate.

We developed a new communication
technology set-up for the OR to meet all needed
requirements. All members of the operating
team are issued headsets with microphones. The
headsets filter out background noises (active and
passive noise cancelling) and the microphones
enable interactive communication among

and between OR subgroups through targeted
information selection (signal selection). Any
remaining background noise is overshadowed by
music, which is quiesced by direct speech into
the microphone (ducking). Information flow is
programmed on a digital workstation, providing
each team member a selection of acoustic
signals from the OR on their bidirectional
headset. A complex matrix of connections

in this audio technology allows a predefined
communication structure. These procedures
were assembled in the Silent Operating Theatre
0 System (SOTOS). The technical

To cite: Friedrich MG,
Boos M, Pagel M, etal
BM/Innov Published Online
First: [please include Day
Month Year]. doi:10.1136/
bmijinnov-2016-000188

specifications and user interface are described

A pilot study in 2015 using the SOTOS in cardiac
surgery showed very positive feedback from the
participating operating team members. Further
studies focusing on communicational psychology

perspective and physiological reaction are
recommended.

INTRODUCTION
More complex techniques and equipment
arc continually added to today’s oper-
ating room (OR) to assure a more effec-
tive, controlled environment for patient
health and safety. However, these modern
technologies produce noise in the OR that
is now comparable to the noise level of a
major highway with high traffic density.!
Persistent, high levels of noise (sound
pollution) are known to lead to health
problems™ and can affect outcome of
surgical procedures’ ¢” and even OR fail-
ures.® The volume level and the frequency
of noise (sound quality) have negative
effects on  concentration.**  Higher
volumes of noise correlate directly with
Tugher levels of surgical errors, putting
patients at risk."” The more complex the
operation procedures are, the more severe
the negative effects of noise become.™
The ill effects of long-sustaining sound
pollution are well researched in indus-
trial and eccupational medicine,” * and
work environment noises are restricted
by mnational laws and regulations for
occuparional safety and health.'” Unfor-
tunately, there are no specific noise level
restrictions for the OR. And although the
noise pollution problem in OR is inar-
guable, very little has been invested to
find and develop solutions. Engelmann
et al showed a significant positive effect
with lower rate of OR surgical complica-
tions by implementing consequent noise
hygiene in the OR: no phones, a ban on

BM)
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The Silent Operation Theatre Optimisation System (SOTOS) to reduce
noise pollution during da Vinci robot-assisted laparoscopic radical

prostatectomy
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Abstract

To reduce noise pollution and consequently stress during robot-assisted laparoscopic radical prostatectomy (RALP) the aim
of our study was to evaluate the silent operation theatre optimisation system (SOTOS) in its effectiveness. In the operating
room (OR) the noise level is between 80 and 85 decibel (dB). Noise corresponds to a major stress factor for surgical teams
and especially surgeons. The use of the da Vinci surgical system entails an additional aspect of noise in the OR. The SOTOS
surgical team used wired or wireless headphone/microphone combinations to communicate. We measured sound pressure
levels in two different locations in the OR and the heart rate of every surgical team member as an indicator of the stress level.
We further captured subjective acceptance of SOTOS as well as perioperative data such as surgical time. We prospectively
randomised 32 RALP patients into two study arms. Sixteen surgeries were performed using SOTOS and 16 without (con-
trol). Overall, the mean sound pressure level in the SOTOS group was 3.6 dB lower compared to the control (» <0.001). The
highest sound pressure level measured was 96 dB in the control group. Mean heart rates were 81.3 beats/min for surgeons
and 90.8 beats/min for circulating nurses. SOTOS had no statistically significant effect on mean heart rates of the operating
team. Subjective acceptance of SOTO was high. Our prospective evaluation of SOTOS in RALP could show a significant
noise reduction in the OR and a high acceptance by the surgical stuff.

Keywords SOTOS® - Noise pollution - Da vinci - Prostatectomy - Robotic surgery - Robotic-assisted laparoscopic

prostatectomy (RALP) - Health risk
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Introduction

In the operating room (OR) the average noise level is
between 80 and 85 decibel (dB) [1]. Usage of instruments
and dropping of materials peak up levels to 108 dB [1].
These values are comparable with noise levels obtained
nearby a highway or an airport [1]. General recommenda-
tions for noise levels at a regular work place environment are
about 45 dB [2]. Noise corresponds to a major stress factor
for surgical teams and especially surgeons [3]. Moorthy et al.
showed a negative association between stress and surgical
performance of laparoscopic tasks [4, 5]. Harmful effects
of noise on surgeons are even more apparent in complex
procedures [6]. Noise may negatively affect the surgeon’s
efficiency and consequently the outcome of surgeries, and
further potentially comprise mainly cardiovascular health
risks for surgeons [7-12]. Several recent studies investi-
gated the relation of noise pollution and health. According
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ABSTRACT

Background Noise in the operating room

(OR) is a stressor with far-reaching negative
consequences. The Silent Operating Theatre
Optimisation System (SOTOS) suppresses

the noise level in the OR and improves the
communication of the OR-staff. This study
investigates whether SOTOS has a positive
impact on the OR-staff's perceived stress,
exhaustion, activity and concentration.
Methods Data were collected in a quasi-
experimental study design of 32 radical
prostatectomies using the da Vinci robotic-
assisted system. Sixteen randomly chosen
surgeries were carried out with SOTOS and 16
without. A total of 34 OR-staff-members took
part, each 32 surgeries involving five planned

OR-staff-members. Two points of measurement,

before and after each surgery, were carried
out, with a final sample of n=143 repeated
measurements data. Before and after surgery,
OR-staff-members completed a concentration
test and a questionnaire concerning their
perceived stress, exhaustion and activity levels.
Results The OR-staff felt significantly less
stressed, less exhausted and more active during
and after surgery when operating with SOTOS.
Espedially the primary surgeons, assisting
surgeons and dirculating nurses profited from
SOTOS. SOTOS did not reveal a significant
impact on the OR-staff's concentration in this
study.

Conclusion For urclogical surgeries using the
da Vindi system SOTQS constitutes a technical
resource which significantly reduces perceived

~Lamp |, et al. BMJ innov 2020:0:1-10. doi:10.1136/bmjinao

noise stress and exhaustion and improves the
activity of primary surgeons, assisting surgeons
and dirculating nurses. These efficiencies likely
lead to positive changes in their health and
job satisfaction and are hence beneficial 1o the
patient safety and hospital resources.

INTRODUCTION

Every day, surgical teams work in oper
ating rooms (OR) with a noise level similar
to a transpore highway.! Depending on
the type of surgery, the average noise level
ranges berween 51dB(A)” and 81dB(A)°
with peaks exceeding 120dB.* The main
reasons for these high noise levels in the
OR are staff communication, medical
technical devices, dropping metal tools,
slamming doors, suction system(s), alarms,
the surgical saw, opening of sterile insrru-
ment packages and the air circulatory and
cooling system.”’ © Studies have shown
that the OR-staff perceives these high
noise levels as distracting, stressing and
reducing their efficiency.” The OR-noise
impairs the OR-staffs’ concentrarion'® !*

which has cogaitive consequences such
as reduced mental effic

, attention,
short-term memory, long-term memory
and working memory  performance’?
and motor skill consequences such as
compromised coordination, dexterity,
increased complications and a higher
error rate in surgery,'? 71 In
noise hinders the communication in the
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ABSTRACT

The increasing number of technical equipment
in the operating room (OR) is resulting in
significantly higher noise levels. The more
complex and sophisticated the surgical
procedure is, the more essential it is for all

team members of the OR to work together in

a harmenious fashion to process and manage
their demanding team tasks. With increasing
noise in OR, the risk of more frequent errors also
increases. The reduction of noise production

in the OR is possible but limited. The aim of

this study was to develop a device that reduces
ambient noise for the operating team without
hindering their ability to communicate.

We developed a new communication
technology set-up for the OR to meet all needed
requirements. All members of the operating
team are issued headsets with microphones. The
headsets filter out background noises (active and
passive noise cancelling) and the microphones
enable interactive communication among

and between OR subgroups through targeted
information selection (signal selection). Any
remaining background noise is overshadowed by
music, which is quiesced by direct speech into
the microphone (ducking). Information flow is
programmed on a digital workstation, providing
each team member a selection of acoustic
signals from the OR on their bidirectional
headset. A complex matrix of connections

in this audio technology allows a predefined
communication structure. These procedures
were assembled in the Silent Operating Theatre
0 System (SOTOS). The technical
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specifications and user interface are described

A pilot study in 2015 using the SOTOS in cardiac
surgery showed very positive feedback from the
participating operating team members. Further
studies focusing on communicational psychology

perspective and physiological reaction are
recommended.

INTRODUCTION
More complex techniques and equipment
arc continually added to today’s oper-
ating room (OR) to assure a more effec-
tive, controlled environment for patient
health and safety. However, these modern
technologies produce noise in the OR that
is now comparable to the noise level of a
major highway with high traffic density.!
Persistent, high levels of noise (sound
pollution) are known to lead to health
problems™ and can affect outcome of
surgical procedures’ ¢” and even OR fail-
ures.® The volume level and the frequency
of noise (sound quality) have negative
effects on  concentration.**  Higher
volumes of noise correlate directly with
Tugher levels of surgical errors, putting
patients at risk."” The more complex the
operation procedures are, the more severe
the negative effects of noise become.™
The ill effects of long-sustaining sound
pollution are well researched in indus-
trial and eccupational medicine,” * and
work environment noises are restricted
by mnational laws and regulations for
occuparional safety and health.'” Unfor-
tunately, there are no specific noise level
restrictions for the OR. And although the
noise pollution problem in OR is inar-
guable, very little has been invested to
find and develop solutions. Engelmann
et al showed a significant positive effect
with lower rate of OR surgical complica-
tions by implementing consequent noise
hygiene in the OR: no phones, a ban on
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Abstract

To reduce noise pollution and consequently stress during robot-assisted laparoscopic radical prostatectomy (RALP) the aim
of our study was to evaluate the silent operation theatre optimisation system (SOTOS) in its effectiveness. In the operating
room (OR) the noise level is between 80 and 85 decibel (dB). Noise corresponds to a major stress factor for surgical teams
and especially surgeons. The use of the da Vinci surgical system entails an additional aspect of noise in the OR. The SOTOS
surgical team used wired or wireless headphone/microphone combinations to communicate. We measured sound pressure
levels in two different locations in the OR and the heart rate of every surgical team member as an indicator of the stress level.
We further captured subjective acceptance of SOTOS as well as perioperative data such as surgical time. We prospectively
randomised 32 RALP patients into two study arms. Sixteen surgeries were performed using SOTOS and 16 without (con-
trol). Overall, the mean sound pressure level in the SOTOS group was 3.6 dB lower compared to the control (» <0.001). The
highest sound pressure level measured was 96 dB in the control group. Mean heart rates were 81.3 beats/min for surgeons
and 90.8 beats/min for circulating nurses. SOTOS had no statistically significant effect on mean heart rates of the operating
team. Subjective acceptance of SOTO was high. Our prospective evaluation of SOTOS in RALP could show a significant
noise reduction in the OR and a high acceptance by the surgical stuff.

Keywords SOTOS® - Noise pollution - Da vinci - Prostatectomy - Robotic surgery - Robotic-assisted laparoscopic

prostatectomy (RALP) - Health risk
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test and a questionnaire concerning their
perceived stress, exhaustion and activity levels.
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SOTOS. SOTOS did not reveal a significant
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noise stress and exhaustion and improves the
activity of primary surgeons, assisting surgeons
and dirculating nurses. These efficiencies likely
lead to positive changes in their health and
job satisfaction and are hence beneficial 1o the
patient safety and hospital resources.
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