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horizontal louvers are
integrated into a double
skin facade to block the

dimension of the OR:
6,27m X 6,25m
(39,19m?/422sf)

within the surgical depart-
ment: 3 ORs are facing west,
2 ORs are facing north and

blinds are used to block
the daylight, if needed.
No blinds are used in 9

Abstract

Increasingly, research indicates that access to daylight and connections
to the outside can improve health outcomes for patients, and health status
for healthcare staff. Conversely the lack of access to adequate daylight can
potentially have a negative impact in both populations. Literature and research
studies to date suggest that positive impacts in healthcare environments overall
include improved productivity, reduced task errors and fatigue, improved mood
and satisfaction, stress reduction, reduced need for pain medication in patients
and overall improved energy efficiency.

There is little evidence to date that is specifically focused on surgical
environments or operating rooms. It can however be inferred from research in
other healthcare settings that the greatest potential positive impact of controlled
daylight in surgical environments would be in improving task performance,
reducing fatigue, stress and task errors among staff. As surgical procedures
become increasingly minimally invasive, and anesthesia protocols evolve over
the life of operating rooms being built today, there is also the potential that
patients will be more alert, at least at some point, in the surgical process within
the OR. If so, the direct impact of daylight and views has the potential to include
stress and pain reduction, and improved satisfaction for patients.

This poster demonstrates that modern layouts of surgical departments,
enabling access to daylight and views to the outside, can be functionally
efficient, without compromising patient safety, internal flow or increased travel
distances. In contrast, limitations of daylighting within surgical environments
(some procedures require specific lighting), as well as strategies to control
daylight to prevent glare and unwanted heat gain, will be displayed. From case
studies of several hospitals in Germany and the US, attendees will see best
practices of surgical departments and ORs with connections to the outside.
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1 Hospital Brandenburg (SKB) (Germany)

completed: 2003

number of beds: 336 (ratio bed/OR 34:1)

number of ORs: 10

seize of OR: 6,27m x 6,25m (39,19m?/422sf)

Aéitet: einle, Wischéf‘un‘d anér
photo credits: Bernadette Grimmenstein
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2 | avoiding condensation

very low u-value:

e.g. triple pane window

3 | visual privacy

a) place OR with windows on upper floor
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University Hospital Duesseldorf (Germany)
completed: 2012

number of beds: 328 (ratio bed/OR 41:1)
number of ORs: 8

seize of OR: 6,25m x 7,78m (48,63m?/523sf)

completed: 2013

number of ORs: 12

Military Hospital Ulm (Germany)
number of beds: 496 (ratio bed/OR 41:1)

seize of OR: 6,34m x 7,38m (46,79m?/504sf)

DRK Hospital Berlin (Germany)

completed: 2011

number of beds: 260 (ratio bed/OR 65:1)
number of ORs: 4

seize of OR: 6,325m x 6,25m (39,53m?/426sf)

Architect: Heihlét'WiS'cher und Partner
photo credits: Tomas Riehle/Universitatsklinikum Dusseldorf

Architect: Heinle, Wischer und Partner
photo credits: Jogi Hild
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Architect: Heinle, Wischer und Partner
photo credits: Matthias Kdnsgen

4 | shading/blinds

To minimize distraction, glare or heat gain due to shallow sun
angles, avoid ORs along the perimeter facing east or west.

The preferable orientation for ORs with daylight access is

north or south. ORs facing south need careful designed shad-
ing devices for sun control, such as louvers, shutters or blinds.

louvers

9 procedures
performed in the daylight ORs (case study of SKB)

Blackout blinds are
» endoscopic surgery
* ocular surgery
» a fluoroscopy procedure
* procedures using UV-light

during:

2,0 W/m2k 1,0 W/m?k/

1,5 W/m?k

0,6 W/m?k/
1,1 W/m?k

2 blackout blinds

SKB: ZOM Il Ulm:
double pane window: double pane window: triple pane window:
low u-value u-value (1,0 W/m3k) u-value (0,6 W/mZ3k)

aluminum frame:
u-value (1,1 W/m3k)

aluminum frame:
(u-value 1,5 W/m3k)
compact wall heating
(1m deep)

heated aluminum frame
(u-value 2,0 W/m3k)
compact floor heating
along the facade

blinds

1 double pane window

3 fixed horizontal louvers (shading visual privacy)

semi-open
blinds

closed
blinds

1 interior coating

b) use coating or exterior louvers

SKB: OR on first floor ZOM II: OR on first floor

shutters

2 double pane window
3 blackout blinds
4 ventian blinds

(for visual privacy)

semi-open ¢
shutters

closed | _
shutters =

exterior louvers interior coating exterior coating

(OR mainly used during

daytime) 3 rolling shutters

1 triple pane window
2 exterior metallic coating (for visual privacy during the day)

Beauchemin, K..M. et al., 1996
Sunny hospital rooms expedite recovery
from severe and refractory depressions

THE LITERATURE IN SUPPORT OF
DAYLIGHT IN HEALTH CARE SETTINGS

AVOI
FATIGUE SAFETY
Figueiro, M. G, et al., 2002

Daylight and productivity - a possible
link to circadian regulation

DAYLIGHT

ERRORS

uchanan, T.L., et al. 1991

lllumination and errors in dispensing

IMPROVE
THE RECOVERY
ROCESS

Oren, D.A, et al., 2002
An open trial of morning light therapy
for treatment of antepartum depression

REDUCE
EPRESSION

REDUCE PAIN

@ Wallace-Guy, G,, et al., 2002

Evening light exposure: Implications for
sleep and depression

Lewy, A.J, et Al,, 1998
Morning vs. evening light
treatment of patients with winter
depression

@ Benedetti, F, et al., 2001
Morning sunlight reduces length
of hospitalization in bipolar
depression

exterior window C% “
wall with access to
daylight and views Opye
to the outside or its |
virtual representa- ‘
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Palomar Medical Center West, CA (USA)
completed: 2012

number of beds: 360 (ratio bed/OR 20:1)
number of ORs: 18

seize of OR: 8.42m x 7.49m (63.07m? 679sf)
Net to gross ratio: 1,9
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Architect: CO Architects
photo credits: courtesy of CO Architects

OR areas where ergonomic

POSITIVE HEALTH
OUTCOMES

Walch, J.M.,, et al., 2005

The effect of sunlight on post opera-
tive analgesic medication usage

Malenbaum, S., et al., 2008

Pain in its environmental con-

Beauchemin, K..M. et al., 1998

Dying in the dark: Sunshine, gender and
outcomes in myocardial infarction

Burpee, H. & Loveland, J., 2010
Targeting 100! Full Report Envisioning the
High Performance Hospital: Implications for a
New, Low Energy, High Performance Prototype

Burpee, H., et al., 2009

High Performance Hospital Partner-

o ships: Reaching the 2030 Challenge
Mardaljevic, 2009

and Improving the Health and
Daylight metrics and energy Healing Environment
savings
" DASHRAE, 2007

Thirugnanasambandam, M. et al., 2010 Advanced Energy Design

A revi f solar th | technologi Guide for Small Hospitals
review of solar thermal technologies. and Hoalthense Faciiticg

Hausladen, G., et al., 2006
Climate Skin: Building-skin Concepts that
Can Do More with Less Energy

Roisin, B. et al., 2008
Lighting energy savings in offices
using different control systems and
their real consumption

. Reinhart, C. F,, 2002
Pradinuk, 2009 \\ Effects of interior design on the
Incentivizing the daylit hospital:

The green guide for health care
approach.

daylight availability in open plan

\ offices
Newsham, G.R., 1994

EDUCE ENERGY CONSUMPTIONS B e
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ECO-EFFICIENT Calcagni, B. et al., 2002
| ARCHITECTURE \Iightfactor prediction in atria
building designs
Littlefair, P,, 2002
Muhaisen, A.S. et al., 2005 Daylight prediction in
K atrium buildings
Shading performance of polygonal
courtyard forms
Figueiro, M.G. et al. 2002
P RO DUCT'V'TY Daylight and productivity - a possible

link to circadian regulation

Heerwagen, J.H.1998

Design, Productivity and Well Being:
What are the links?
VE Boyce, P., Rea, M.S. 2001

P NCE

Lighting and human performance

Heschong, L. et al. 2003
Windows and Offices: A Study of
Office Worker Performance and the
Indoor Environment

POSITIVE EXPERIENCE/
SATISFIED OCCUPANTS

Kuller, R,, et al. 2006

The impact of light and colour
on psychological mood

(p Burgmeijer, E. 2012

Model for improving employee
satisfaction in the development of the
operation.

Mroczek, J. et al. 2005

Hospital design and staff
perceptions

REGULATE

CIRCADIAN
RHYTHM
Scott, H. 2004

Working environments have
a direct impact on care

@ Harris, PB. et al. 2002

A place to heal: Environmental sources
of satisfaction among hospital patients.

Kim, J.J. et al. 2005

Are Windows and Views Really Better?

REDUCE STRESS

Terman, J.S. et al.,, 2001
Circadian time of morning light
administration and therapeutic
response in winter depression.

Leather, P.etal., 199

Windows in the workplace: Sunlight;
view, and occupational stress p
D Figueiro, M.G. et al., 2002

. Daylight and productivity - a possible
Allmoglu, MK. et al-r 2005 link to circadian regulation
Daylight exposure and the other
predictors of burnout among nurses in a
university hospital

Azmoon,, et al., 2013

The relationship between thermal
comfort and light intensity with sleep
quality and eye tiredness in shift work
nurses.

Clemson University and Medical University of
SC RIPCHD.OR Operating Room Prototype

The Clemson OR Prototype Project is part of an ongoing Realizing Improved
Patient Care through Human-CenteredDesign [RICHRD.OR] AHRQ funded multi-
year research effort that includes the design, fabrication and testing of a full-scale
operating room mock-up. This mock-up and its design features are serving as
a test prototype for an optimal, adaptable and flexible ambulatory surgery OR
“‘platform” or “chassis.” It was executed as part of an interdisciplinary research-
design-research-redesign project involving architecture and health students and
faculty in collaboration and consultation with researchers, clinicians, consultants,
practicing architects and industry collaborators. The project built upon prior research
knowledge, observations of surgical procedures and best practices to address
and advance current design concepts for the Operating Room. The intent was
to integrate both the art and science of healthcare architecture, and demonstrate
that interdisciplinary design built upon a rigorous and systematic research study
of issues, problems, opportunities and constraints can raise the quality, safety,
efficiency and adaptability of design in healthcare contexts while addressing a broad
range of patient, staff and family needs. Design features included the introduction
of a window wall that could be either real, virtual or both which could transform as
needed for both patient and clinical staff needs.
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UCLA Outpatient Surgery&Oncology Center (USA)
completed: 2013

number of beds: 0 (outpatient)

number of ORs: 8

seize of OR: 6,02m x 7,04m (42,38m?/ 400sf)

Net to gross ratio: 1,57

Architect: Michael W. Folonis Architects
photo credits: : http://www.folonisarchitects.com/ucla-1/

economic benefits:

Improvements are urgently desired:

100%
92% A
a40.11 OR with window and 4 |
| view to the outside 80%
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surgeon nurse « might increase productivity
Matern et al., ,Working and concentration
_S I I B B B B B E S B B R conditions and Safety . might increase staff
in the Operating OR satisfaction
Deutsches Arzteblatt . ,
(German Medical Journal) + might reduce high
o 2006 (103): 3187-92 stress levels

OR lighting

use of devices

air condition

cables & tubing

OR tables and steps
positioning materials
ceiling supply units
monitors
instruments & handles
pedals

OR clothes/shoes
instrument tables
instrument trays

920€

m? exterior wall*
(80 $ per sf)

1.740€

m? window with shading*
(150 $ per sf)

OR wall cladding
concrete
insulation
ventilated metal facade

solid exterior wall

N

window with shading

« triple pane glass
« aluminum frame
« blackout blinds
« exterior louvers

1xl

16

for a windowless OR

v
additional costs: 146000 € = 0,21 %* of total costs:

700 € 31.300 €

for an OR with window

*general hospital with 10 daylight ORs
and assumed total costs of 75 Mio €



