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Perspektiv

> at reducere infektioner erhvervet pa Sygehus |
forbindelse med operation

> at reducere energiforbruget pa operationsstuer
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Besigtigelse.
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De nye supersygehuse
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Operation room LAF vs. TAF
LAF

LAF: Laminar airflow — TAF: Turbulent airflow
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Operation room LAF vs. TAF
LAF

LAF: Laminar airflow — TAF: Turbulent airflow
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Operation room LAF vs. TAF

LAF: Laminar airflow — TAF: Turbulent airflow

y A
S D U f;‘ Orthopaedic Research Unit — Dept. of Orthopaedic Surgery and Traumatology
Region of

Odense University Hospital

R o MARK Dept. of Clinical Research — University of Southern Denmark — www.sdu.dk/ki/orto Southern Denmark



Operation room LAF vs. TAF

 LAF: Laminar airflow  TAF: Turbulent airflow
— 100 -400 air exchanges / hour — 10-20 air exchanges / hour
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Protesekoncepter: Ucementeret hofte
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« Umiddelbar mekanisk fiksation

- Efterfglgende biologisk forankring
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Protesekoncepter: Cementeret hofte
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« Umiddelbar fiksation ved cementen
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Biofilm

Antibiotics

Host cells

Planktonic
@ Dbacteria

Biofilm bacteria
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Incidence of Prosthetic Joint
Infection In hips and knees

 Rare event=0.5-2 % Iin 1-5 years
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OPVENT

Ar 2013 Ar 2014

1|2|3|4 1|2|3|4

WP1: Feasibility studie

1.1: Litteraturstudie foretaget og kortlaegning organiseret

1.2: Kortlaegning af geeldende lovgivning for ventilationsanleeg pa
loperationsstuer gennemfart

1.3: Kortleegning afeksisterende anlaegsprofiler gennemfart

1.4: Indsatsomrader for industriel teknologiudvikling identificeret

1.5: @vrige applikationsomrader for projektet identificeret

WP2: Teknolo

iduviklin

2.1: Udvikling af nye ventilationsaggregater gennemfgart

2.2 Tilpasning af komponenter og styring differntieret ift. operationsstype,
okalets driftsmgnster og personalets organisering gennemfart

WP3: Demo

nstration

B.1: Fuldskala demonstration i mock-up operationsstue gennemfart

WP4: Dokumentation og videnopbygning

4.1: Dokumentation af projektets resultater foretaget

4.2: Udarbejdelse af videnskabelige artikler og konferenceindleeg
gennemfart

WP5: Generel projektledelse og formidling

5.1: Administrativ projektledelse

5.2: Mgdeledelse

5.3: Videnformidling
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Purpose

« To compare the numbers of airborne bacteria and particles

- To measure energy consumption

- Laminar airflow (LAF) vs. Turbulent airflow (TAF)
ventilated or

using fresh air of 100 % vs. 50 % exchange volume

during simulated total hip arthroplasty (THA)
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Introduction - materials and Methods — Results — Conclusion

Ventilation systems at the operating room

«  LAF: Laminar airflow «  TAF: Turbulent airflow
— 100 -400 air exchanges / hour — 10-20 air exchanges / hour

No consensus on LAF of TAF on the risk of prosthetic joint infection
but ISO 14644-1 for numbers of particles and colony forming units (Dharan and
Pittet 2002)

Odense University Hospital
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Endpoints

» Surrogat
» Colony forming units (CFU)
» Particle counts

Supposed to be predictors for
» Superficial and deep infection
» Revision due to infection

» Energi consumption

» ISO 14644-1 (Dharan and Pittet 2002)- ultra clean air
> Threshold: less than 10 CFU/m?3
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Selection of operating theatre

ENERGIEFFEKTIVE
TEKNOLOGIER
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Introduction — Materials and Methods - Rresults - conclusion

Study design

Mock-up Simulated
operations THA

Ventilation
system

—
>
-
—
>
M

Fresh air
exchange volume

Number of 3 3 3 3
experiments
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Tids-forlgb

 Bilag 1:
« Der blev gennemfart 3 forsgg pr. forsggsdag efter nedenstaende skemaer,
hvilket sikrede et jeevnt

mgnster i ventilationsforholdene vekslende mellem hhv. LAF og TAF
ventilation, samt mellem 100 %

0g 50 % friskluftmaengde i forsggene.

« Dato Forsggsnummer Ventilationstype

« 2014.10.31 1-3 LAF 100 %

« 2014.11.07 4-6 TAF 100 %

« 2014.11.14 7-9 LAF 50 %

« 2014.11.21 10-12 TAF 50 %

« 2014.11.28 13-15 LAF 100 %

« 2014.12.05 16-18 TAF 100 %

« 2014.12.19 19-21 LAF 50 %

« 2015.01.09 22-24 TAF 50 %

« 2015.01.16 25-27 LAF 100% / TAF 100%
« 2015.01.23 28-30 TAF 100% / TAF 50%
« 2015.01.30 31-32 LAF 50 %

» Oversigt over ventilationsforhold under de 32 forsgg
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Dagsprogram

« Tidspunkt Aktivitet

« 07:00 Opstilling og kontrol af maleudstyr
«  Morgenmaling med aktiv luftsampler og partikelmaler 5min. (tom stue)

« 08:00 Klarggring af operationsopsaetning 08:30 1. forsgg
« 10:00 Pause/Renggaring af operationsstuen 10:30 2. forsgg
« 12:00 Pause/Renggring af operationsstuen 13:00 3. forsag

« 14:30 Afslutning og renggring af operationsstuen
« Oversigt over forlgbet af en forsggsdag
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Introduction — Materials and Methods - Rresults - conclusion

Modern operating rooms (2009)

at Gentofte Hospital, Denmark

LAF TAF

Exactly the same setup during LAF and TAF
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Introduction — Materials and Methods - Rresults - conclusion

Standardized protocol

LAF

OP-room

Equal dimensions and interior

Positioning

Tables (3)

Lamps (2)

Personnel number (5) - .
Personnel barrier clothes

Patient dummy (37 °C)

Draping

Experiment

Procedures (screenplay)

Surgical time (50 min)

Active sampling measurements (30
cm from operation field)

Odense University Hospital
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Introduction - Materials and Methods - resuits - conclusion

|ISO validated equipment

£
M

~

B \iAS-100

Microbiological Air Sampler Particulate sampler (0.5-10 um)
100 L/min 28.3 L/min
Measuring details  MAS100 | METone |
Time 2*10 min 50 min
Evaluation 2 days incubation Macro-particles 25 um*
Outcome CFU/ m3 Particulate / m3
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Introduction — Materials and Methods - Rresults - conclusion

ISO validated equipment

.
Microbiological Air Sampler Particulate sampler (0.5-10 um)
100 L/min 28.3 L/min
Measuring details MAS-100
Time 2*10 min 50 min
Evaluation 2 days incubation Macro-particles 25 pm*
Outcome CFU / m3 Particulate / m3

*Stocks et al. Predicting bacterial populations based on airborne

particulates. Am J Infect Control 2010.
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Introduction - Materials and Methods - resuits - conclusion

Energy consumption

» Bender PEM735 Power Analyser
(overholder EN 61000-4-30 og EN 50160 med en praecision pa 0,2 S i
henhold til IEC 62053-22)

« Maleren blev monteret pa forsyningssiden af ventilationssystemet og kWh
visning blev noteret ved start og slut af hvert enkelt forsgg.

« Maling af energiforbrug til kale/varmeflader i ventilationssystemet blev udfart
via Gentofte Hospitals CTS system.

« Alle relevante setpunkter og ventilstillinger blev ligeledes logget fra start til
slut af hvert forsag.
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Introduction — Materials and Methods —- R@SUItS - conclusion

Microbial air contamination

Mean (£SD), n=8

CFU/m3

20

16

= Threshold: 10 CFU/m3 = [ ——
LAF 100% TAF 100% LAF 50% TAF 50%

LAF: Laminar airflow
TAF: Turbulent airflow

Fresh air exchange: 100% vs. 50%
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Introduction — Materials and Methods —- R@SUItS - conclusion

Microbial alr contamination

Mean (£SD), n=8

CFU/m3

20

16

LAF 100% vs. TAF 100%
= Threshold: 10 CFU/m3 7—') c
0.4 (+0.8) CFU/m3 7.6 (+2.0) CFU/m3
(& /
LAF 100% TAF 100% LAF 50% TAF 50%

LAF: Laminar airflow
TAF: Turbulent airflow

Fresh air exchange: 100% vs. 50%
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Introduction — Materials and Methods —- R@SUItS - conclusion

Microbial alr contamination
Mean (£SD), n=8

20
16
LAF 100% vs.
oM
c 12
S" Threshold: 10 CFU/m3 o
L
o 8
4 0.4 (+0.8) CFU/m3 0.4 (£+0.4) CFU/m3
: -l >
LAF 100% TAF 100% LAF 50% TAF 50%
LAF: Laminar airflow
TAF: Turbulent airflow
Fresh air exchange: 100% vs. 50%
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Introduction — Materials and Methods - R@SUItS - conclusion

Microbial ailr contamination

Macro-particles (25 ym), mean (£SD), n=8

10.000
1,581 (+2,841) | | 7,923 (#5,151) | | 1,018 (+1,084) | | 6,157 (+2,439)
8.000
™
e
—
IS 6.000
©
3
= 4.000
O
o Threshold: 2,900
2.000
0 LAF 100% TAF 100% LAF 50% TAF 50%

LAF: Laminar airflow
TAF: Turbulent airflow
Fresh air exchange: 100% vs. 50%
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Introduction — Materials and Methods - R@SUItS - conclusion

Microbial ailr contamination
Mean (xSD), n=8

10.000
1,581 (+2,841) | | 7,923 (+5,151)

« 8.000
-
—
)
D 6.000
O
5 LAF 100% vs. TAF 100%
& 4.000
o
o 1= Threshold: 2,900
= 2.000

. LAF 100% TAF 100% LAF 50% TAF 50%

LAF: Laminar airflow
TAF: Turbulent airflow
Fresh air exchange: 100% vs. 50%
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Introduction — Materials and Methods - R@SUItS - conclusion

Microbial ailr contamination
Mean (xSD), n=8

10.000
1,581 (+2,841) 1,018 (+1,084)

©  8.000
e
—
w
9 6.000
O
5 LAF 100% vs. LAF 50%
2 4.000
o
o 1= Threshold: 2,900
= 2000

. LAF 100% TAF 100% LAF 50% TAF 50%

LAF: Laminar airflow
TAF: Turbulent airflow
Fresh air exchange: 100% vs. 50%
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Energiforbrug

TAF 100 %

LAF 100 %
2,25 2,25
2,00 2,00
175 1,75
< 150 < 1,50 -
E 1,25 E 1,25 -
1,00 1,00 -
0,75 0,75 -
0,50 0,50 -
&'_.\' K“?’ K_q’ '\’vb ,'\?‘ '\<? 'f«? ,'\Eo
P N R S SIS S G S
IO T <<°@ ((0{" ((0{’ ((0@ QO@ N DR\ Mg

Elforbruget under de 8 forsgg med
100 % LAF-ventilation.
Gennemsnitligt forbrug: 1,87 kWh.

Elforbruget under de 8

forspg med100 % TAF-ventilation.
Gennemsnitligt forbrug:

1,58 kWh.
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Energiforbrug

TAF 50 % LAF 50 %
2,25 2,25
2,00 2,00
1,75 1,75
£ 1,50 £ 1,50
2125 2 125
1,00 1,00 -
ol I .. 075 1
0,50 - 0,50 -
ST T T VR S M S -
RSN SN (R VA G A% 9 O O N N D
OOt POt &_x ém éw é’b g&%
LA L L L S E
DY P PI PT P DY A Qo" <<c§ < $ Qo*% <<0<9 <<0@ Qo@ <<0<°°
Elforbruget under de 8 Elforbruget under de 8 forsgg med
forsgg med 50 % TAF-ventilation. 50 % LAF-ventilation, der overholder
Gennemsnitligt forbrug: geldende graenseveaerdier
0,77 kWh. Gennemsnitligt forbrug: 1,11 kWh.
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Energiforbrug

LAF 100 %

2,25
2,00
1,75
1,50
1,25
1,00
0,75
0,50

kwh

Elforbruget under de 8 forsgg med
100 % LAF-ventilation.
Gennemsnitligt forbrug: 1,87 kWh.

LAF 50 %

2,25
2,00

1,75

1,50
1,25
1,00 -
0,75 A
0,50 -

kWh

Elforbruget under de 8 forsgg med
50 % LAF-ventilation, der overholder
geldende greenseveerdier
Gennemsnitligt forbrug: 1,11 kWh.
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Energiforbrug

TAF 100 % LAF 50 %
2,25 2,25
2,00 2,00
1,75 1,75
< 1,50 4 £ 1,50
E 1,25 - E 1,25
1,00 - 1,00 -
0,75 - 0,75 -
0,50 - 0,50 -
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Elforbruget under de 8 forsgg med
Elforbruget under de 8 o & . »
0 _— 50 % LAF-ventilation, der overholder
forseg med100 % TAF-ventilation. )
. geldende greenseveerdier
Gennemsnitligt forbrug: Gennemsnitligt forbrug: 1,11 kWh
It ug. .
1,58 kWh. 8 Y
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Introduction — Materials and Methods — Results - Conclusion

Laminar air flow (LAF) 100% significantly reduces
number of colony forming units (CFU) compared with
turbulent air flow (TAF) 100%

L AF 100% and 50% fresh air reduction had the same
amount of colony forming units

*TAF 100 and 50 % had both CFU and particle numbers
above the ISO threshold for ultra clean air rooms
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Introduction — Materials and Methods — Results - Conclusion

Energy consumption on LAF could be reduced 40%
without compromising the number of CFU

yA _
S D U ’5‘ Orthopaedic Research Unit — Dept. of Orthopaedic Surgery and Traumatology (
Odense University Hospital Region of gy

ST N SENMARK Dept. of Clinical Research — University of Southern Denmark — www.sdu.dk/ki/orto Southern Denmark



Introduction — Materials and Methods — Results — Conclusion - DISCUSSION

*The studies are going to be done with patients in a
clinical setting

« A major problem that we have values above
recommended thresholds in TAF operating room
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Perspektiv

* Projektet 'OP Vent — Energieffektiv
ventilation pa operationsstuer ’ viser, at

— flere hundrede af Danmarks ca. 700
offentlige og private operationsstuer kan
- fa renere luft og dermed forebygge infektioner
 Spare enerqgi

* OP VENT 2
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OP VENT 2

» Kortleegning af operationersstuer | DK ved
live operationer (kunstige hofter og knae)

— Energiforbrug
— Forekomst af mikroorganismer

* Reduktion af luftmeaengde
— LAF
— TAF
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Tids- og aktivitetsplan.

Ar 2017

Ar 2018

Ar 2019

Ar 2020

1

2

3

4 1

WP1: Feasibility studie

1.1: Klassifikation af operationsstuer og kortleegning organiseret, hvilkke sygehuse
skal udveelges til forsag

1.2: Indga aftaler med de enkelte sygehuse om deltagelse i projektet. Indhentning af
godkendelser fra relevante myndigheder for udferelse af undersggelserne.

1.3: Besigtigelse og udvzelgelse af operationsstuer, kan de anvendes til forsgg?
1.4: Udferelse af grundig kortleegning af de udvalgte operationsstuer. Kortlaegningen
udferes efter udarbejdet drejebog. Sadanne at alle kortleegningerne bliver udfert
ens.

1.5: Indsatsomrader for optimerings muligheder noteres.

WP2: Teknolog

iduvikling

2.1: Undersggelse og udfarelse/montering af frekvens regulering af LAF anleegget

2.2 Tilpasning af luftmeengden i forhold til de faktiske forhold samt i forhold til de
veerdier, som blev malt under WP1 punkt 1.4.

WP3: Demon

stration

3.1: Fuldskala live operation foretaget p& udvalgt sygehus, med luftmeengde far
optimering. Forsggene udfgares i henhold til udarbejdet drejebog

3.2: Fuldskala live operation foretaget pa udvalgte sygehus, med luftmeengde efter
optimering. Forsggene udfgres i henhold til udarbejdet drejebog

WP4: Dokum entation o

g videnopbygning

4.1: Dokumentation af projektets resultater foretaget

4.2: Udarbejdelse af videnskabelige artikler og konferenceindleeg gennemfart

WP5: Generel projektledelse og formidling

5.1: Administrativ projektledelse

5.2: Medeledelse

5.3: Videnformidling
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Videnskablige Publikationer

* Foredrag
— Nationale
— Internationale

 Skriftlig
— Peer-reviewed internationalt tidsskrift

P A
S D U ’5‘ Orthopaedic Research Unit — Dept. of Orthopaedic Surgery and Traumatology \ N
Odense University Hospital Region of !15

ST N SENMARK Dept. of Clinical Research — University of Southern Denmark — www.sdu.dk/ki/orto Southern Denmark



Perspektiv

De nye supersygehuse
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