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ABSTRACT

Hedth care achitecture, particularly tertiary care settings, which have the sickest
people, and most advanced medicd care, shoud acommodate and employ technd-
ogy in ways that are both therapeutic and enabling. Although techndogy in the terti-
ary care setting is generally considered beneficial, it can sometimes have negative im-
pads, cause stressand result in poa hedth oucomes. Norman Cousins sid in his
book Anatomy of an IlIness, “Many doctors are increasingly aware of the arcular
paradox [of the intensive care unit]. It provides better eledronic ads than ever before
for dealing with emergencies that are often intensified because they communicae a
sense of imminent disaster to the patient.” These negétive side dfeds are typicdly
the result of disabling techndogy, which abowve all restricts a patients’ ability to have
and to sense wmfort and control. This hedth care - techndogy paradox is often
adivated through medical equipment, medicd practices and medicd settings. When
medicd practices and medicd equipment are disabling and do no sufficiently enable
comfort and control, then the medicd setting can play arole in helping to temper the

paradox and hence total impad tedindogies have on the patient.



In order to temper the hedth care — techndogy paradox, the achitedure of hedth
cae evironments sroud acommodate and employ tedindogy in ways that are bath
therapeutic and enabling, are calming and reasauring, and alow for comfort and con-
trol. To provide for increased comfort and control, architecture shoud address the
paradox by being orienting and comprehensible, engaging and stimulating, and al ow-
ing flexibility and reconfiguration. At the same time, it must be therapeutic while
generaly effectively accommodating medica equipment and pradices. Spedficdly,
comfort and control can be provided by implementing techndogy to enable an envi-
ronment that is more comprehensible and better orienting. It can aso be provided by
implementing techndogy to enable avariety of spatial configurations that accommo-
date diverse activities as well as provide oppatunities for mohility and stimulation
by engaging the environment. Comfort and control can aso be provided by imple-

menting techndogy to enable persona optimization of the environment.

Sincethe hedth care — techndogy paradox is most prevalent in the tertiary, or criticd



cae settings, this thesis propaoses a Heat Hospital for the Laguna Honda sedion of
San Francisco, California. This faality will i ntegrate enabling techndogy that brings
together sophisticated medica equipment and advanced medical practices with the
most complex medicd settings to help provide comfort and control to the one of the
most compromised patient popuations. The design centers on the @ncept of a
“hospital within a hospital” that is enabled by decentrali zation as a result of the wide-
spread usage of information tecdindogy throughout the hospital. The smaller and
thinner floor plates that are acharaderistic of this proposal alows smplified bulding
massng and aganization which provides for better orientation and comprehension of
space Over time, hospitals tend to be convduted by chaotic addition and changing
medicd techndogy, bu by providing a hospital framework that is regular and pre-
dictable, this change can be ontrolled to maintain the darity of space and wayfind-
ing. Lastly, the propcsed tertiary care spaces are designed to alow for flexibility and
reconfiguration d space so that patients can adapt their setting to suit their personal

and emotional nedls.
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Figure 1. Technology can sometimes result in
negative impads.

Figure 2. Technology can communicae immi-

nent danger.

INTRODUCTION

The architedure of critical care environments ould acommodate and employ tech-
nology in ways that are both therapeutic and enabling. In relatively recent history,
hedth care has been highly influenced by technology, and statistics sow that im-
provements in techndogy generaly correlate to overall improvements in hedth. Al-
though techndogies are generally considered useful and practicd and enable life to
be eaier and more efficient, they sometimes can have negative impacts, cause poor
results and ke disabling to petients. This stuation where techndogy causes confli ct-
ing effects compared to what was intended presents a paradox. This paradox shoud
be addressd and, if possible, resolved before the tedindogy can be mnsidered ulti-
mately beneficial. Norman Cousins describes the paradox in his book Anatomy of an
[lIness, “Many doctors are increasingly aware of the drcular paradox [of the intensive
cae unit] (Cousins, pg. 133. It provides better eledronic ads than ever before for
deding with emergencies that are often intensified because they communicate asense
of imminent disaster to the patient.” What Cousins aludes to is that tednology can

be stresful and dsabling, and crede alverse hedlth effeds by inhibiting a persons
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Figure 3. Hedth care - Technology Paradox
Paradigm.

Figure 4. Tertiary Care Center: Trauma Room.

ability to have andto sense comfort and control.

When techndogy, operating through medicd equipment, medicd pradices or medi-
cd settings, negatively influences the patient, the paradox adivates and the hedth
cae eperienceis compromised. The Health-Care Techndogy Paradox Paradigm in
Figure 3 shows diagrammaticdly that techndogy, which is the cmmon influence
amongst the three fadors, encompasses medicd equipment, pradices and settings,
which are implemented to provide apositive impad on the long-term life of the pa-
tient. This thesis will focus on medical settings, which are highly functiona places
that contain and interface with medicd equipment and have significant requirements
in order to suppat medicd pradices. The most significant settings where the para-
dox occurs are tertiary medicd centers, such as the 1.C.U. and trauma room becaise
they contain the most sophisticated medica equipment, demand and celiver the most
advanced medical care to the sickest patients who have longer hospita stays and are

often still aware of their surroundngs. When medicd pradices and medicd equip-



Figure 5. A confining, inflexible and urress-
suring environment.

ment are not sensitive to the ancerns of comfort and control, the medicd setting can
therefore help temper the paradox and the total impad techndogies have on the pa-

tient.

Comfort and control should be provided through enabling tedhndogies to create a
less sresdul, and therefore, a more cdming, and reasuring environment that is con-
ducive to heding. The types of stresscaused by tecdindogy include disorientation,
inflexibility and confinement. Intensive medica settings $1oud compensate for the
negative impacts of technologicdly evolving medicd pradices and equipment by ad-
dressng patients experientia neals through the gpropriate achitectural acaommo-
dation d enabling tedhnologies. To provide for increased comfort and control, archi-
tedure can address the paradox by generaly being reasauring and comprehensible,
engaging and stimulating, and providing flexibility to allow for change. At the same
time, it must do this while generally providing a therapeutic environment and effec-

tively accommodating enabling medica equipment and pradices. Spedficaly, com-



fort and control can be provided by ever changing personal optimization d the evi-
ronment, providing a variety of spatial configurations that acoommodate diverse ac-
tivities, and providing oppartunities for mohili ty, stimulation and engaging the envi-
ronment. Techndogy should be employed when and where it can enable an environ-
ment that is more cmprehensible and better orienting. When given a dhoice, patients
and hedth care mnsumers voluntarily seek those medica settings with the best medi-
cd pradices and equipment becaise they are ressauring and generaly result in the
best hedth care outcomes. If these alvanced medicd techndogies and pradices are
realily avail able, then people will seek those medicd settings, including it’s technd-

ogy, that are most therapeutic and enabling.

Tedndogy is often what drives the design o the floor plate and has the propensity to
result in chaotic change over time. Tedndogicdly intensive tertiary care settings
shoud be designed with an orderly, regular and predictable footprint and framework

that has smple, clea and dred paths yet still retains flexibility to acommodate ever



Figure 6. Information Technology.

changing medica equipment and medicd pradices. Decentralization d the hospital,
due to the widespread use of information technology, will enable asmaller hospital
and thus a better ability to provide simplified buldings. Tertiary care settingsin par-
ticular shoud be designed to utili ze the advantages associated with information tedh-
nology and the decentralized hospital to enable smaller and thinner building floor
plates instead of widespread, massve buildings. By reducing the size and amourt of
clinicd services, relying onremote communicaion methods, and spreading the re-
maining services arourd the building, the organization and structure of the hospital
can change dramatically. The result is a hospital within a hospital concept that will
allow smaller and more compad building footprints. Lastly, tertiary care settings
shoud be designed to uilize smple mecdhanisms that optimize control and improve
physical aspeds of the environment where patients gend the most time. Tertiary
care settings are the most appli ceable becaise they are settings where patients typically

require longer hospital stays.



Since the health care — tecdhndogy paradox is most prevalent in critica care settings,
this thesis propases a Heart Hospital for the Laguna Honda sedion of San Francisco,
Cdifornia. Thisfadlity will be an integration d enabling techndogy that brings to-
gether sophisticaed medicd equipment and advanced medical practices with the most
complex medicd settings to help provide cmfort and control to the one of the most
incgpadtated patient popuations. Heat Hospitals are the most significant settings for
exploring the achitedure of enabling and therapeutic techndogy, and hencethe para-
dox, because they demand and dHliver the most advanced medicd care for life-saving
efforts on the sickest patients who are often caught by surprise and can be anongst
the most vulnerable mentally and emotionally. The propcsed decentralized vertica
hospital will alow development of smaller more dall enging sites, making the pod of
patential sites lesslimited. The site selected is a small parcd of land with many site

feaures that present obstructions and dfficulties to bulding.
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Figure 7. Common Technology:Cell-phones.

Oct. 13, 1942. €. R. FARGO 2,298,555
seoIL

Figure 8. 1942 Patent for Mechanical Pencil .

THE HEALTH CARE - TECHNOLOGY PARADOX

Tedndogy is the means which people use to improve their surroundngs. It is a
complex term and encompasses a broad base of knowledge that has been segmented
into many different fields and which can be recognized in many different forms.
When dder generations typicdly think of tednology, images of computers, space
misgons and aher futuristic forms in the context of outer space may come to mind.
The younger generations of today associate technology with cell ular phanes, wireless
internet, Ipods or other conveniences that make lives more entertaining. Fundamen-
tally though, the purpase of atedindogy isto achieve something useful and pradicd.
The United States patent system was formed to proted those innowetions, inventions,
and cesigns and credit those in which these ideas originated. Some pradical innove-
tions are nat necessarily associated with techndogy because they are viewed as com-
monpace For example, the medhanicd pencil, which had a patent granted in 1942
was a significant technologicd development of the time whereas today it is every-
where and isnot viewed as such. In order to urderstand the significance and sophisti-

cdion d atedindogy it shoud be framed by the time and context of it’s develop-



Figure 9. New ergonomic mechanical pencil.

Figure 10. Harmful Medications:.Vioxx by
Merck.

ment and widespread adoption. As with most tedndogies, there have been many
variations and improvements, and hence new patents, to the medanicd pencil since
1942.Continually, humans will use their inherent abili ty to think and reason to devise
and improve upon tods, proceses and systems that make lives easier and more

efficient.

Althouwgh techndogies are generally considered useful and practicd and enablelife to
be eaier and more efficient, they sometimes can have negative impacts, cause poor
results and be disabling. These situations where techndogy has unintended conse-
guences presents a paradox. This paradox, in terms of the development of technd-
ogy, needs to be addressed and, if possble, resolved before the techndogy can be
considered utimately beneficial. There have been certain pharmaceuticals recently
that fit into this definition of paradox and techndogy. The drug Vioxx for example,
which hes been puled from the market, has walked a fine line between beneficial and

harmful. Once thought to be apromising and paverful medicaion to combat arthri-



Figure 12. Early X-ray Machine Design.

tis, it has also proven to increase the risk of causing heart attadks and stroke. The se-
riousnessof atedindogicd paradox elevates when the negative @nsequences begin

to effect hedth.

Modern hedth care, since nineteenth century, has parall eled and thus been heavily in-
fluenced by tedindogica development since the industrial revolution. The X-ray,
developed by the physicist Wilhelm Roentgen in 1895,is the quintessential example
of techndogicd experimentation later applied to medicd use. The fad that this tedh-
nology scatered harmful radiation dd na go unndiced and subsequently led to the
development and refinement of a less harmful X-ray tube dong with protedive lead
shielding that is dill used today. The gplicaions that followed Roentgen’s discov-
ery can be considered life saving. However, the example of the X-ray ill ustrates that
cetain life-saving discoveries dependent upon sophisticaed techndogy sometimes
produce unhedthy side dfects. In the hedth care industry, techndogy can crede a

paradoxicd situation kecause it can be, a the same time, bah beneficial and harmful
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to people. As with X-ray, the negative dfeds of techndogy have been mitigated
over time by adjustments to the medicd equipment, medicd pradices and the

medicd settings in which these techndogies can be found



Figure 13. Common Technology - From above:
Walk-man, Computer Technology and Laser
Tedchnology.
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The Intent of Techndogy

Tedndogy can be very simple or very complicated and includes technica methodk,
skill s, processes, techniques, todls or raw materials. Just about everything we use or
consume today was developed, assembled, macdined, constructed o harvested with
some form of techndogy. Suffice it to say that techndogy encompasses aimost
everything unretural and can be employed to process and manipulate matter that is
natural. Techndogy is defined as “the airrent state of our knowledge of how to com-
bine resources to produce desired products, to solve problems, fulfill neals or satisfy
wants” (Wikpedia Contributors). This “combining of resources’ describes the
development of atechndogy that istypically intended to achieve usable and pradical
results that improve the way people live. Tedhnology can be foundalmost eveywhere
in ou society today and very rarely do we mnsider it superfluous or having no
pradicd use. Many of our techndogical developments in the United States have a
patent established for them in which the law spedfies that the subjed matter must
have useful purpose (United States Patent and Trademark Office). Many older devel-

opments are not typicaly perceived as being techndogica at al because they are
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Figure 15. Complex Technology: The Automo-

bile.
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ordinary, familiar and commongacetoday. The whed, for example, is not generally
asociated with the common concept of tedinology today because it is easy to
comprehend and more widely used. Most people dassfy complex things that are
difficult to urderstand and take spedalized knowledge to develop as being
tedindogicd. The aitomobile, for example, is © complex to the point that it is
rarely ever built by the common person and most opt nat to uncerstand the systems to
repair it when damaged. The automobile is commonly regarded as being
tedindogicd, yet it has been relatively familiar and a part of civilized society for
over one-hunded years. Manufadurers ke advancing the design of automobiles,
by computerization a improved energy efficiency, in order to med the present
demands of consumers. The automobile, as well as other technology, allows us to

live eaier and more efficiently.

As gated ealier, tedindogy is defined as the “current state of our knowledge.” The

word “current” in this definition is important becaise in order to understand the sig-



Figure 16. Past Technology: Scapels.
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Figure 17. Future Technology: Nano-
technology and the Eledro-static Motor
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nificance or degree of complexity and sophisticaion d a tedindogy it shoud be
framed by the time and context when it was developed. What may seen techndogi-
cdly unremarkable in the context of today may, at the time of the development of this
tedindogy, have been considered highly complex and extremely useful. For exam-
ple, in the ancient city of Pompeli, a number of surgical devices were discovered at
“The House of the Surgeon.” Among the tods were anumber of scdpels that were
used over 2000years ago. These tods may have been significant technologicd de-
vices of that time, bu now are mnsidered fairly common today. Contrast the scdpel
to techndogies now that are so advanced and complex that broad practical applica
tions have yet to be determined. An example of such a complex applicaion is nano-
tedindogy. University of California-Berkeley scientists have developed an eledro-
static motor that is roughly the width of a human hair, yet there ae arrently no prac-
ticd applications for this techndogy (Sanders). It is anticipated though, that this
tedindogy will have a profoundimpad on medicine in the future by ading as a mo-

leaular scdpel that fights disease on the cellular level. Therefore, the best and most



Figure 18. Rotary Scdpel: Improvementsto
the ancient scapel.

Figure 19. Powered Rotary Scdpel: Improve-
ment on the rotary scapel.
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pradicd techndogies are those that are useful and solve fundamental problems for

broad range of people and a variety of applications over an extended period of time.

Tedndogy broadly involves the use and applicaion d knowledge to achieve a prac-
ticd result. For atednology to be significant it has to be useful, meaning it has to
have some kind d applicaion to red life problems. Most useful tedindogies when
they are first invented will try to oltain apatent. The United States Patent and Trade-
mark Officewill not issue apatent if atechndogy is deamed uselessas the law states,
“any person who invents or discovers any new and useful process madine, manufac-
ture, or composition d matter, or any new and wseful improvement thereof, may ob-
tain a patent.” The example of scapels and the dedrostatic motor, used previously,
are very significant and useful tedhndogies that highlight the beginning and future of
medica tecdhndogies. Current medica tedindogy has ore thing in common; knowl-
edge was applied to achieve apradical result whether or nat the techndogy was an

invention a original ideaor an improvement upa an ideathat already existed.



Figure 20. Early Car Technology: The Pan-
hard, 1890.

Figure 21. New Car Technology: Toyota
Camry, 2000
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There is continuous urge to improve upo existing tedindogies. Humans use their
ability to think and reason to devise tods, processes and systems that improve lives
by making them easier and more dficient. There is hardly aform of technology that
has not undergone transformation since inception. A modern example of something
that has undergone much change in a relatively short time period is the automobil e.
The first semblance of an automobile was developed by Nicolas Cugnat in Francein
the late eghteenth century. Asthe image shows, relative to the crs of today, it was a
steam-powered, open-air, slow, loud and fairly dangerous machine. After more than
100,000 ptents, the automohil e of today has evolved into arelatively safe, fast, quiet,
gas and kettery powered vehicle. The aitomobile, in and d itself, has stisfied many
wants and reeds and hes provided many benefits to the individual in society. Coll ec-
tively though, automobil es have been associated with global changes which are not

necessarily pradical and have not always been considered an improvement.

Suburban sprawl, which is the rapid and expansive growth of a metropditan area, is



Figure 23. Los Angeles Smog.
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an effed that is often attributed to the aitomobile. The aitomobil e has contributed to
the strain on our natural resources, particularly fuel oil and is also generally associ-
ated with Greenhouse gases and environmental poll ution that has led to global warm-
ing because of the anount of carbon doxide lledively emitted into the amosphere.
The excessve use of the automobile and the design of our cities have been linked to
obesity and an owerall unhedthy lifestyle (Frank, pg. 87-96). The automobile, which
Americans have grown so acastomed to, has many benefits and is certainly an en-
abler, howvever it also has me dire negative dfects and can aso be disabling to our

physical hedth.



Figure 24. Physicians of Today PradiceHigh-
Tedch Medicine.
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The Paradox of [Disabling] Techndogy in Hedth Care

The automobile was used as an example of a very pradical techndogy that has
many benefits as well as some negative impacts. These negative impads effed, and
continue to threaen, our environment and arguably our global heath. There are dso
other techndogies that are linked to impads on health as well, such as fadories, pes-
ticides, television a even pharmaceuticas. Our own hedth care industry is not im-
mune to this techndogicd paradox. In many respeds the life saving advances of
modern medicine ae dependent on sophisticated tedindogies, yet these same tech-
nologies can at times also produce unhedthy side dfeds on patients in hedth care
settings. Norman Cousins, a writer affeded by a debilit ating ill ness wrote abook
abou his experiences in the hospital and with modern medicd cae. He wrote of the
“criticd shortcomings’ of the hospital, the dependency on medicd equipment, ex-
cessive reliance on prescription medicaion, the impersondi zation produced by new
tedindogy and hs conclusion that the “hospital is no dace for a sick per-
son” (Cousins, pg 29. He does not argue for the destruction d al tedhnology in the

hospital, but loblkies the hedth care industry for a better balance of the implementa-



Figure 26. Predominant Use of Technology in
the Hospital.
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tion d ‘high-tech’ with the ‘high-touch’ pradice of medicine.

Hedthcare, from the end o the nineteenth century in industrialized nations and
particularly within the past thirty years, has been highly influenced by techndogy.
From the medica equipment used duing procedures to the medicd practices that
are influenced by and utili ze these devices to the design and construction d the
suppative environments, advances in technology cause hedth care to continually
evolve. This evolutionis no more gparent in the debate of high-tech versus high-
touch medicd care and the medicd professon’s strong reliance on techndogy in the
hospital. The common complaint from patients today is that the physician daes not
listen and relies more on computers, machines, X-rays, images, etc. to formulate
diagnosis or treatment. In the ealy eras of medicine, before medicd equipment was
prevalent, the physician had to rely on senses, whether it be seang or heaing,
knowledge of the patient and medicd history as well as the colledive knowledge

gained through schoding and experience. There were not always X-rays, scopes or
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physiologica monitors that reveded hidden abnormalities. Abnamal heat rate was
something head instead of measured and kroken bores, na obwvious to the naked
eye, were diagnosed by examining patients range of motion and amount of pain.
There has been a new trend to seek ou this old-world, high-touch level of care

where the patient gains comfort by forging arelationship with their physician.

Despite the debate and trend toward high-touch over high-tech hedth cae, ore
corrolary has remained consistent for the past one-hunded years. This period of
time asociated with significant tedindogicd progressin more modern societies,
has also been assciated with an era of significant progresswith resped to mortality
and morbidity. Although the scientific proof is not entirely conclusive, the fads
suggest correlation ketween advancement in tecindogy and progressin hedth. In
the United States over the past century, the life-expedancy rate has nearly douded
from abou thrity-six yeas in 1850to seventy-five years in 2003(Life Expedancy

by Age). The infant mortality rate has decreased from a nea sixty deahs per



Figure 28. Use of the Endoscope Today.
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thouand kirthsin 1933to approximately seven per thousand in 2002 (Kockanek). In
the late nineteenth and ealy twentieth centuries, the gains in these vitals gatistics
have more @rrelation to awareness and practice of nutrition and sanitation than
improvements in medicd equipment and practices within the hospital. During the
mid-20th century, these gains could be more dtributed to widespread vacadnation.
Regardless ou understanding of, and abili ty to combat, hedth-related social isaues
was increasing concurrently with ou development of new tedindogies. For
example, Jonas Salk could na have developed a vacadne for Polio withou first
witnessng the eadicaion d the virus through a microscope. The detedion of
Tuberculosis was largely aided in the 180Gs through use of the stethoscope and in
the early 190Gs by way of x-ray and was subsequently treated by antibiotics. These,
with respect to modern medicine, are relatively primitive means in dagnaosis and
treament of disease. Consider the alvanced and sophisticated techndogy of today
such as ventil ators that medhanically push air and axygen through the lungs or the

use of fiberoptics in endoscopy to view interna organs through small openings in



Figure 29. Medicd Tedcnology and the Pa-
tient.

21

the body. Advances in techndogy no doub has had a profound paitive dfect on
hedth cae and although the genera intent is to improve life, it can sometimes be

detrimental .

Tedndogy, particularly where employed in life-saving efforts, creates a
paradoxicd situation because it can be, at the same time, bath beneficial and harmful
to patients. Norman Cousins clamed, in his 1979 bookAnatomy of an Iliness as
Perceived by the Patient that, “Many doctors are increasingly aware of the drcular
paradox [of the intensive cae unit]. It provides better eledronic ads than ever
before for dealing with emergencies that are often intensified because they
communicae a sense of imminent disaster to the patient” (Cousins, pg. 133.
Cousins was a patient himself inflicted with a long-term debilit ating illness and
spent long periods of time @nfined to a hospital bed conneded to and monitored by
life saving devices. What Cousins claimed from his experience in 1979 is dill

applicable today, over a quarter of a decade later in an industrial society with



Figure 30. Patient Coping with Stress.
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increased familiarity with sophsticated tedindogy. An article on the evaluation of
patient experience in the intensive cae unit pullished in 1998in The Journal of the
Society of Critical Care Medicine concluded that patients with acute respiratory
distresssyndrome reported having extreme traumatic stressas a result of discomfort
during time of stay. Unfamiliarity with the techndogy in the eavironment was
among the distresang fadors (Schelling, et a. pg. 652. Despite the traumatic
experience these patients had, ironicdly, their overal long term health-related
quality of life was reported as being good. It is during the short-term in which these

patients experience aough stressthat inhibits or prolongs the recovery process

Tedndogy can be disabling and creae alverse hedth effeds by inhibiting a per-
sons ability to have and to sense comfort and control. Adverse hedth effeds, pri-
marily stress can be defined as physicd, mental or emotional tension. Whenever
we feel stressor tension in any way, ou body automaticdly responds by producing

excess levels of hormones in an attempt for the body to cope with a dallenging
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situation. Depending on personality and predispositionto risk fadors, people ae af-
feded by streswors in dfferent ways. For one person, financial hardship may cause
stressand yet for others, resporsibiliti es at work or home may be the source. Often,
stresscan be caused by a perceived o real ladk of comfort and lossof control. Con-
trol may be lost over a person’s physicd environment, or it can be from fedings of
helplessess distrust and of too much dependency on ahers (Longe). Also, exces-
sive durations of stresshave been linked to long-term hedth problems and chronic
disease. Norman Cousins was able to improve his hedth in part by reducing his
stress empowering himself through learning about his ill ness taking control of his
medicd treatment and ironicdly discharging himself from his hospital bed. He be-
lieved that his hedth could orly improve by separation from stresors locaed within
the hospital and those things that took away control; namely medical pradices,

medicd equipment and the medicd setting.



Figure 31. Pavilion Hospital .
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Figure 32. Perspedive of St. Thomas Hospital,
London showing rooftop vent stadks.
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Historicd Influenceof Techndogy in the Medical Setting

The environment is typicdly viewed as being neutral and nd necessarily providing
pasitive or negative stimuli with resped to the physiology of the patient. Thisisthe
modern and tedndogicd resporse to the environment, bu ealy hospitals
exemplified that this was not always the cae. Mid-nineteenth century hospitals
played an adive part of the heding processand medicd cae. The pavilion haspitd,
which consisted of a plan advocaed by Florence Nightingale, was predicated onair
movement and crossventilation to help rid the environment of germs and noious air
(Cohen, pg. 133). Declining deah rates provided the evidence for continued
aaceptance of this prototype. The study of air movement and sanitation heavily
influenced the pavilion gdan o Henry Currey’s St. Thomas Hospital in Londonin
1870(Cook, m. 3%6). The design utili zed complicated and techndogically advanced
ventilation stadks, mixing heated and cooled air, developed a formulaic resporse to
daylighting, bulding footprint size, interior volume, bulding mass height and
separation with courtyards. It relied onlifts and chutes, separating soiled and clean

materials. The pavilion concept influenced program requirements of nursing unit size
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and the provisions for a laundy and kitchen that could provide for the basics of
sanitation and nurition. The pavilion design was to form the basis for architedure of
hospitals for next four to five decales. It was also the precedent for Alvar Aalto’s
1932 Paimio Sanitorium in Finland. Aalto clamed that the main pupose of the
hospital, which treated tuberculosis patients, “is to function as a medica instrument”
in which every detail was developed from the perspedive of the patient (Schildt, pg
68). Here again, ventilation and lighting were of primary importance Attention was
given to the aticulation and color of the celling dane & well as orientation to the
window and views that a prone patient would see Detail even extended to the lounge
furniture which was designed to help ease the weakened breahing of the patient. The
developments of the pavilion haspital and Aalto’s Paimio concept of the hospital as a
medicd instrument, occurred some time before significant techndogical progress

with resped to medical equipment and pradices and the modern hospital.

As the twentieth century progressed, there were significant techndogicd
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Figure 33. Typicd 20th Century hospital de-
sign: Nebraska Methodist Hospital.

Figure 34. Advanced hospital engineaing: in-
terstitial mechanicd zone.
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developments in medical equipment and medical pradices. The hospital, with the
incresse  ad separation d medicd services, became more ad more
programmaticdly and techndogicaly complex. The focus of haospital design shifted
from the hospita as a heding medanism to being a building that solved the
programmatic and functional chall enges of medical pradices as well as accommodate
the growing use of medicd equipment. It is as if architeds relegated all of the
heding resporsibilities to medicd praditioners and tecdhndogical devices. The
results of haospital design in the mid-twentieth century have not been naeworthy. The
typicad design could easily be described as a tower block on top d a flattened
podum, see Figure 33. This not to say that the bulding engineering, including
medhanical, plumbing and eledrical systems, did na make gred strides forward in
the development of techndogy and implementation within the hospital. In that
resped, much was accomplished, bu the focus on these building techndogical
systems may have taken further emphasis away from the dired therapeutic role of the

medicd setting.
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Althouwgh techndogy generally yields positive health outcomes, it causes adverse side
effects when it negatively influences the therapeutic and heding potential of the
medicd setting. In their book pultished in 20@®, Health care in an Era of Radical
Transformation, Steven Verderber and David Fine describe some of the influences of

tedindogy on the modern haospital,

“...alad of natural ventilation, shrinkage of the window aperture, diminution of the
total amount of glazed area, adoption of the hermeticdly seded bulding envelope,
dependence on artificial lighting over natural daylight and a de-emphasis on overall
patient amenity were but a few tednologicaly driven modern developments

(Verderber and Fine, pg. 393).”

These techndogica developments were far from clinicad and can hardly be described
as having healing effeds or therapeutic potential. The advances of techndogy on

buildings during this period resulted in thick buildings that often lacked sufficient



Figure 35. Dark interior hospital corridor.
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daylighting and proper orientation and thus caused confusing and confining spaces.
They aso ladked the natural ventilation so highly regarded in the pavilion concept,
because outside ar made it difficult to balance the medhanicd systems. They were
often finished with rather banal highly durable materials and colored white in order to
appear more sanitary and easily cleaned. Hospitals were programmticdly deficient,
laking in pubic, socia or family spaces that allowed for the stress reducing
distradions which help formulate the mental and emotional therapy that people need.
In the last twenty years of the twentieth century, the traditional approach has been to
deaorate medicd settings in an attempt to compensate for the negative image and im-
pad of techndogies. Hospitals were no longer viewed as smply sterile boxes, bu
the focus on the complex tedindogies and practices remained contra-therapeutic and

disabling, taking away the patients comfort and control.

The goal of the modern haspital was to improve condtions for medical care to take

place creating flexibility, alowing for equipment and pradices within treament
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spaces, improving staff movement as well as the handing and dstribution d suppies
and materials. These planning concepts could be dtained, bu it was often dore & the
expense of the patient who was viewed as ancill ary to all of the needs of medical

equipment and practices.

To be effective, medical settings must accommodate needs of techndogy but when
thisis the only focus, the environment can be disabling by taking away comfort and
control. It has already been demonstrated and explained hav comfort and control can
be taken away from the patient through dsabling medical equipment and medica
pradices, creding unhealthful effeds. The negative impads of techndogy on the
modern medicd setting have been described as well.  Studies have shown that stress
resulting from these negative environmental stimuli can have profoundimpads on the

patient and their health oucome as well.
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Conclusion

Tedhndogy is avast and complex entity that has been very influential in modern so-
ciety and in the health care industry in particular. Although the intent of techndogi-
cd development is to improve lives and hedth outcomes, it sometimes unfortunately
causes adverse mnsequences. This stuation presents a paradox that the hedth care
industry has accepted because of the widespread benefits that techndogy has afforded
humankind. As a dtatistic, innowtive and techndogicd development in modern
medicine has paralleled owerall pasitive hedth trends. The number of good outcomes
and hedth experiences far out-weigh the negative and cetrimental. Yet, thisis not to
indicae that the negative experiences are ignored or downplayed. Hedth care pro-
viders are adively seeking ways to ded with these paradoxes. The isaue for this the-
sis is whether they are dedt with adequately, and can the benefits of techndogy be

utili zed with fewer side effeds for patientsin tertiary care settings.

In order to effedively dea with the paradox, the origination d how the paradox oper-

ates must be defined. In the case of the negative outcomes experienced in a hedth
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cae setting, there are threemain forces acting upon the patient which are heavily in-
fluenced by innowetion in techndogy that help facilit ate operation d the paradox and
the resulting negative side dfects. These forces are medicd equipment, medicd
practices and the medicd setting. Eadh one has their enabling benefits and their dis-
abling effeds with respect to tecindogy but most important is how ead has dedt
with the negatives and done their part to help resolve the hedth care — tedindogy

paradox.
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Figure 36. Hedth care - Technology Paradox
Paradigm.

Figure 37. Medicd Equipment, Pradices and
Settingsin atotal environment

ACTIVATION OF THE HEALTH CARE - TECHNOLOGY PARADOX

As gated in the previous chapter, there are three main forces acting upan the patient
that are heavily influenced by innowation that help fadlit ate operation d the paradox
and the resulting negative side dfects. These forces are medicd equipment, medicd
pradices and medicd settings. When techndogy, operating through medicd equip-
ment, medicd pradices or medical settings, negatively influences the patient, the
paradox adivates and the hedth care experience is compromised. The Hedth-Care
Tedndogy Paradox Paradigm in Figure 36 shows diagrammeticaly that techndogy,
which is the common influence anongst the three fadors, encompasses equipment,
pradices and settings, which are implemented to provide apositive impad on the
long-term life of the patient. Medical equipment are thase physicd instruments that
sustain life and are implemented in medicd practices. Medical pradices are those
procedures necessary for care giving to occur, which are aded by medica equipment.
Medicd settings are those places that contain and interface with medical equipment
and are highly functional, having significant requirements placel uponthem to sup-

port medicd practices.



Figure 38. Tertiary Care: Trauma Room.
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Figure 39. Ryder Trauma Center: Miami, Flor-
ida.
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The most significant settings where the paradox occurs are tertiary medical centers.
Tertiary medicd centers are fadliti es that are generally larger, cover a wider geo-
graphicd region and have services provided by speadalists equipped with dagnostic
and treament faciliti es not generally available & locd hospitals. Faaliti es that pro-
vide spedal investigations and treaments typically have trauma centers, burn centers,
neonatology units, transplant and orcology services. They contain the most sophisti-
caed medical equipment, demand and dliver the most advanced medical care to the
sickest patients who have longer hospital stays and yet still may be avare of their sur-
roundngs. At the locd hospital level, the dosest services to a tertiary cae level
would be foundin the intensive cae unit or the anergency trauma room. The pa-
tients in these environments are typically the least comfortable, capable and able to

cope with stress

While the long term outcome of the patient in these tertiary care settings may ulti-

mately be positive because of the life-saving advances of modern medicine and medi-



Figure 40. Intensive Care Unit Patient Room.
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cd tedhndogy, in the short term, the patient experience of medicd practices, equip-
ment and settings can be debilitating. As cited in the first chapter in The Journal of
the Society of Critical Care Medicine, patients with aaute respiratory distress
syndrome reported having extreme traumatic stress sich as discomfort, anxiety and
pain during their stay within the intensive cae unit. Ancther article in the Canadian
Medical Association Journal discusses the “promise and the paradox of techndogy in
the intensive care unit.” The argument is made that the use of the ventilator and
balloon pump in the I.C.U. is prolonging life while not necessarily improving the
quality of life (Cook,pg. 1118. Although techndogy generally yields positive hedth
outcomes, it causes adverse side dfects when it negatively influences ether the
heding and aesthetic impads of medicd equipment, the alministration of medical
pradices and the therapeutic and heding potential of medical settings. In Cousins
experience, what was disabling abou the techndogy was it communicaed a
patentially negative outcome. It was the infamiliarity of his stuation as a patient that

caused the stressand dscomfort. Patients' will be comfortable and desire techndogy



35

when it is percaved to be enabling and will be uncomfortable and rejed it when it is

perceived to be disabling.



Figure 41. Diagram of Scattered Radiation
from X-ray.

Figure 42. Surgicd Suite.
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Patients and Enabling Techndogy

The hedth care industry has to continually monitor, study and research the perform-
ance of medicd equipment implemented in the hospital. Before medica equipment is
brought to the market and sold to physicians or hospitals, the device must first be
proven to be worthy of use during clinicd trials. Sometimes the device may be
proven effedive and wseful withou fully knowing al of the long-term effects such as
the erly X-ray machine that caused scatered radiation. Understandably, sometimes
these pieces of medical equipment are fourd to be faulty, or cause patients harm dur-
ing usage. Althowgh sophisticated medicd equipment has historicdly been benefi-
cial, improving upon dder techndogies and increasing quality of output miti gates ad-

verse hedlth effeds on the patient andis more enabling.

Throughou the history of modern medicine, the development of medical equipment
has enabled pasitive hedth oucomes for patients. Nowhere is this more relevant or
significant than in those medicd settings such as the surgicd suite, the trauma room,

or the intensive care unit. The reason is because these environments have the most



Figure 43. 1.C.U. Bedside Procedure.
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intensive medicd equipment, couded with the strictest of medicd practices, protocol
and procedures. In these environments, ead piece of tecdndogy has its gedfic lo-
cation and ead person les their spedfic paosition where they neeal to be just in case
things take aturn for the worst. In fact, many states regulate who and what needs to

be & the bedside and outlines the resporsibili ty of ead.

The intensive care unit patient room is an example of a setting with sophisticated
medicd equipment that provide life-saving value for the patient and influences both
medica pradices and the medicd setting. Intensive cae unit equipment includes pa
tient monitoring, respiratory and cardiac suppat, pain management, emergency resus-
citation cevices, and aher life suppat equipment designed to care for patients who
are serioudly injured, have a citicd or life-threatening illness or have undergone a
major surgical procedure and thereby require twenty-four hour care and monitoring.
Theill ustration in Figure 44 depicts a typical arrangement of equipment in an I.C.U.

that cares for patients with a broad range of ill nessees. Some equipment has consider-
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able physical mass sich as ventilator, balloon pumps and daysis machines, which
have been a traditional part of the I.C.U. for decades. The ventilator all ows respira-
tion for those patients who are unable to breahe on their own. It prevents degh and
prolongs life andis ultimately beneficia for those who are not frail and weak prior to
the onset of a traumatic event. The balloon punp is ancther life saving device that
helps reduce the workload of the heart and helps blood flow. However, as beneficial
and life saving as these devices are, they can aso have disabling health eff ects that
hinders the heding processwith resped to bah the physiology of the patient and with

the design of the physicd environment.

Although techndogy generally yields paositive hedth oucomes, it can cause alverse
side dfects by negatively influencing the physical, emotional and mental states of pa-
tients. The anourt of medicd equipment needed for life suppat previoudly ill ustrated
in the 1.C.U. room can make a person very uncomfortable with their situation. Imag-

ine being home, passbly watching television, nad feding well one evening and com-



Figure 46. 1.C.U. Room and Equipment.

Figure 47. Patient on a Ventilator.
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plaining of chest pains. Then, because of alack of bloodand oxygen to the heart, you
suddenly have troude breahing, grow weak and eventually collapse. Then, imagine
awakening to the sight of a hospital room, much like the phao in Figure 46 sur-
rounced with unfamiliar people who monitor madines that have wntrol of many
natural body functions. This is the paradox that Norman Cousins describes,
“eledronic ads...dealing with intensified emergencies...communicating imminent
disaster.” This is the psychdogica impad of medicd equipment however, the
physica impad can sometimes be worse. The ventilator for example can be very
discomforting to a patient. Despite the undeniable benefits this madine has, studies
have proven that mechanicd ventilation can cause “physiologic and structural lung
damage” that have aprofoundeffed on the length and quality of the remainder of a
patient’s life (Cook, @y 1118. Recatly, there have been studies of the long-term
negative dfeds that machines sich as these cause. In the short-term, this techndogy
compensates for the disability of the body but does littl e to strengthen it for the long

term.
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Furthermore, intensive medicd equipment such as the ventilator and aher deviecsin
the 1.C.U. environment have a great impad with resped to size, arrangement, sound
and aesthetic. Because of the size and function d some pieces of equipment, they are
required to be in certain positions with resped to the patient. The best position for
the ventilator is by the heal and the same can be said for patient monitors. This
equipment can be restrictive for the patient, discouraging flexibility and movement.
Also these pieces of equipment placed by the head o the patient can be noisy. The
ventilator makes percussive sounds and the monitors can have apulsating beeping
noise. This equipment, along with the naises, blinking lights and proximity to the
patient create what Jain Malkin describes as a “Twili ght Zone” amosphere that can

be disorienting and nd reasauring (Makin, pg. 219).

Manufadurers of medical equipment are improving upon dder techndogies to im-
prove medicd practices and minimize patients medicd complicaions as well as

mitigate negative side dfeds. The ventilator, for the physicd problems it causes to



Figure 51. Patient with Mecdhanicd Ventilator.
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patients has come alongway from its ealy predecessor, the iron lung. In the 1920,
the iron lung, which induced ventil ation by compressng and decompressng the body,
was fairly large and greatly restricted patient movement. Ventil ators from the 19505
employed mechanicd ventilation much like today, however these lacked monitoring
andregulation d the force with which this presaure was delivered. This presaure was
causing lung damage. Even thouwgh the devices of today, when used incorredly can
still cause damage, they are computer-controlled and function in complex ways to
produce ventilation that closely matches patients breathing needs. Additiondly,
newer noninvasive ventilators no longer have to be inserted into the throat and all ow
oxygen through a face or nose mask. These newer techndogies are more dficient
and require less effort and enable lessrespiratory work on the patient's part and de-
creased workload of the muscles that assst with breahing. They aso allow for the
patient to communicate through speed. The F.D.A. regulates machines such as the
ventilator to ensure that the devices are safer and more dfedive (Kurtzweil). An

added benefit to the improvement of medicd equipment is that often these techndo-
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gies beame more physicdly compact, more flexible and have less impad on the en-
vironment. They also allow for improved and more dficient medical practices to oc-

Ccur.



Figure 52. Intensive Medicd Pradices.
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Medicd Pradices and Enabling Techndogy

Medicd pradices are those procedures necessary for care giving to occur and include
protocols, processes, examinations, treaments, procedures as well as operations.
Thaose pradices which are the most techndogically intensive occur in environments
such as surgicd suites, post-anesthesia care units, imaging, emergency or trauma, car-
diology and various types of intensive care units. Any time apatient undergoes medi-
cd treament, there eists the potential for negative side dfects due to the nature of
medica pradices and the degreeof sophisticaion, both techndogicd and procedural.
There are too many variables and factors in any medicd procedure for the hedth ou-
come to be routine, predictable and withou complicaion. Thereisthe severity of the
illnessand owrall age and hedth status of the patient, sophisticaed medicd equip-
ment, toadls and cevices, infedious baderia, and anesthesia or other pharmacaeuticals.
In order to ded with these complicaions, a team of highly skilled physicians, sur-
geons, nurses, tedhnicians and a planned environment is organized around providing
optima haospital functional relationships. As gdated previously, manufadurers of

medica equipment continually advance their products to respondto new procedures
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and to minimize the caise of negative impacts during treatment. Like medicd equip-
ment, medicd pradices have ultimately improved health oucomes and providers
have redized that by improving techniques, negative hedth impads as a result from

tedindogicdly sophisticaed procedures can be minimized.

The previous sedion indicated how intensive medicd settings, such as the trauma
room or the surgical suite, had the strictest medicd practices, protocols and proce-
dures. Ead person in these settings has a spedfic position and resporsibili ty to ful-
fill. These standard operating procedures have been developed, studied, debated and
refined ower periods of time and always adjusted with new breathroughs in tednd-
ogy. No matter the technologicd developments of these procedures, they shoud al-
ways be for the benefit of the patient. Many physicians oaths are simil ar to what Hip-
pocrates wrote in his book Of the Epidemics, "Declare the past, diagnose the present,
foretell the future; pradice these acts. As to diseases, make a habit of two things; to

help, o at least to do ro harm (Markel, pg. 20%)." However, there will aways be



Figure 54. Heat Surgery.
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risks as the these procedures grow more and more cmplicated and will continue to

have the patentia for short term harmful eff ects.

The original and intended pupose of the pradice of medicine has been to cure the
sick to the best ability possble, and with the asgstance of recent techndogy; thereis
an even greder ability to provide better hedth oucomes. Physicians have developed
complicated procedures that use medicd equipment in order to repair, restore and
perhaps replace damaged parts of the body. Medica practices such as surgeries are
very techndogicd in nature and have enabled life to be sustained, whereas in the past
cetain ill nesses and injuries may have been deemed terminal. Many of these ad-
vances of modern surgery, including anesthesia and antibiotics, were developed du-
ing wars where patient’s wounds would be fatal withou surgicd intervention. Heat
surgery has been linked with careful study, sophisticated knowledge and advanced
tedindogy. Early on, surgeons practicing open-heat procedures nealed to lean how

to slow the beating of the heart, stop Hood circulation, overcome infection and fight



Figure 55. Remvering Patient in the ICU.
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organ rejection. Heat surgery has enabled repairs to teas and hdes, vave replace-
ments, artery bypasses or heart transplants. Techndogy has asssted in overcoming
what would have been eventual death withou these procedures but has creaed pain
and suffering until the patient can reauperate fully. The physiologicd impads are
harsh. New techndogies are actively being employed today to reduce invasivenessof

the procedure and the resulting degree of pain and time asociated with recovery.

At later stages of an ill ness patients were subjed to the most traumatic and techno-
logicdly sophisticaed of procedures, open-heart surgeries being among them. Al-
though tedhndogy is an enabler that generally helps yields positive hedth outcomes,
it can fadlitate medicd pradices that have alverse side dfects on the patient. Sur-
geries such as open-heart can cause tremendous pain and can be very debilit ating,
causing physical we&ness internal discomfort as well as infedions and nosocomial
diseases. A patient is extremely weak following surgery and is further mentally dis-

oriented as a result of medicdions, anesthesia and ather life-supportive devices. Dur-



e
i e ]

Figure 56. MRI Assisted Surgicd Suite.

Figure 57. Imaging Guided Surgery.
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ing recovery, thereis continued soreness discomfort and wegknessand, for up to two
months foll owing the procedure, which can be very restricting for the patient. Physi-
cd adivity is kept to a minimum and dten life-style dianges are necessary (Clark,
pg. 50. This is the nature of the procedures that have been made passble through
tedindogy. Because of these harsh impads, physicians have recently developed

more alvanced procedures that are lessinvasive and destructive to the body.

When surgeries, after the development of anesthesia, were in the early stages of de-
velopment they were no doulb atraumatic and life-changing event. Before the begin-
ning of the MRI or the CT, surgeons often had to use surgery in an investigative or
exploratory nature to compensate for what techndogies like the X-ray could not
show. The risks associated with this were tremendouws. After the MRI and CT were
developed, it minimized this type of surgery because these techndogies enabled phy-
sicians to analyze images of the soft human tisaue that previous devices could nd.

They also led to the ealy detection d disease or abnamality that could be wrreded



Figure 58. Cardiac Catheterization: Minimally
Invasive Procedure.

48

withou complicated surgery. Devices such as these diminated much pain, dscom-
fort and weakness and help develop a new trend of minimally invasive procedures.
These newer procedures are often performed through tiny incisions with the ad o
microscopic cameras and imaging devices. In cardiac cae for example, physicians
are aleto use the veins and arteries as a onauit to accessthe heart. Valves can be
repaired and dockages of the ateries can be removed. These procedures require less
sedation, lessinvasion, lesspain and long-term discomfort, which are quicker proce-
dures and allow for faster recovery. Medical pradices and medica equipment are

helping reli eve the problems associated with the hedth care — techndogy paradox.



Figure 59. Designis Typicdly Centered
Around Technology.
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Disabling Techndogy in the Tertiary Care Environment

Medicd settings can also produce negative effects and can be disabling to patients
when design is focused orly on poviding for the extensive needs of techndogicdly
and functionally advanced medicd pradices and equipment. Although often suppa-
tive of medicd pradices and equipment, the design of medicd settingsis not always
beneficial and can sometimes be disabling and contra-therapeutic. Medicd settings
have utili zed techndogy to primarily be more suppartive of the medical equipment
and pocedures it contains, while not necessarily addressng patients basic essential
neeads of comfort and control. The most significant settings where this paradox oc-
curs are tertiary medicd centers where the most advanced medica care is delivered to
the sickest patients who have longer hospital stays and yet who are avare of their sur-

roundngs.

The modern hospita settings in which these life-saving events take place has gener-
aly been reutral, neither significantly contributing to the paradox nor providing much

relief. They are typicdly designed orly to accommodate the most demanding medi-
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Figure 60. 1CU Healwall Designed to Accom-
modate Medicd Equipment.

Figure 61. 1CU Patient Room: Open to the
Corridor for Staff Access.
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cd equipment as well as highly functional medicd pradices. In Anatomy of an
[lIness Cousins contends that the medicd equipment of an I.C.U. emit a sense of the
ladk of seaurity to a patient and cause emotional strain (Cousins, pg. 132133. He
also writes chapters about the power of good dators and hdistic medicd pradices as
well as the depressng routine of hospital life. But, Cousins does not diredly mention
the influences of the physicd environment in which the patient and these “dedronic

ads’ are mntained.

The intensive cae patient room is an example of a setting that is often neutral. The
room typicdly consists of four walls of which ore typically opens wide, with doube
glassdoars to the aljacent corridor for better views and accessfor nursing staff. The
foatwall, the wall that the patient sees the most, typically has a television and a side
chair for visitors. The healwalls are usually extensive becaise they are occupied
with medica equipment, gases, intravenous bags, etc. and staff aacessto the patient’s

hea is imperative in case of an emergency. The sidewall contains the code-required



Figure 62. Typicd Open ICU Room:
“Prisoner’s Cell .”.
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window, but the patient is not usually oriented to this window because of the neel for
medica staff observation. The medicd care of the patient and treament of diseaseis
important, but the aoility of the environment to hed and be therapeutic is often sacri-
ficed. Mayer Spivad clamed that “to enter a hospital either as a visitor or patient is
to encourter an environment which has no equal in barrennessanywhere in ou cul-
ture save for the prisoner’s cell” (Spivack, pg. 21). Intensive care settings are de-
signed to employ tedhnology in their systems, house techndogy as moveable ejuip-
ment, and they provide adequate space to suppat the processs, equipment and gear
necessry for treatment and dagnaosis. Thisisthe modern and tedindogical respornse

to the environment that is typified by the |.C.U.

In the I.C.U., there is often the assumption that the patient is either unconscious, un-
aware of surroundngs or posshly too sick to be impaded by their environment.
However, thereis clinical evidence that suggest humans unconsciously register envi-

ronmental variable effeds on the nervous system — hea, light, nase, smells, tadile



Figure 63. View of Artificial Window and
Daylight

Figure 64. View from Patient Room.
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sensations, and ou perception d movement and spatia orientation arising from stim-
uli within the body itself (Eberhard, pg. 4). There have been a series of well-
pubicized studies by Roger Ulrich that measure beneficial physiological effeds of
natural light, views of nature and visua stimulation (Ulrich, pg. 420-421). In one
study by Ulrich invalving open-heat surgical patients, it was discovered that visua
exposure and stimulation to nature fadlit ated recovery from brain injury associated
with surgery invalving a heat pump. Other similar studies performed by Ulrich
foundthat visual stimulation can relax blood presaure, brain adivity and stress hor-
mones (Ulrich, pg. 420-421). There is also evidence that suggest stimuli such as
noise, excesslight, lad of privacy can elevate levels of stressin the body to the point
where it negatively affects the physiology of the patient, can extend length o stay in
the hospital and increase the need for pain medication (Ulrich, pg. 420421). The d-
fed of the environment and the impad of tedindogy on comfort and control is more

than just the physicd stimuli we natice, it also mental aswell as physiological.
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Conclusion

There shoud be a variation d a Hippacratic Oath in which designers and architeds
are sworn to use the body of knowledge gathered by clinicians and researchers to im-
prove the design, and thus the performance, of the medicd setting. Medicd praditio-
ners and some manufadurers of medical equipment have used a similar body of
knowledge and evidence to influence the direction in which their professons are
taken. Asthe body of scientific evidence onthe design of health care settings grows,
architeds will better understand haw their designs are criticd to the hedth and well

being of humankind.

Architeds have little dhoice but to accept the role and influence of techndogy in the
medicd setting. The complex and ever-changing physicd and functional demands of
medicd equipment and medicd practices will always need to be accommodated in
the future design of haospitals. Although sensitive medica pradices and therapeutic
medicd equipment can be very influential on petient comfort and control, throughout

the life of ahaspita they are lessconstant with resped to techndogy than the medicd
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setting. When medica pradices and medical equipment are unable to fully address
the ancerns of comfort and control, the medical setting can help temper the paradox

and the total impad technologies have on the patient.



ENABLING TECHNOLOGY AND HEALING ENVIRONMENTS

Enabling techndogies can be enployed in hospital settings to optimize comfort and
control, reduce stress and create more therapeutic environments for patient care..
These enabling techndogies will need to create areassuring and calming environ-
ment that suppats heding in all dimensions. This thesis focuses on mitigating the
unhedthful effeds associated with three primary aspeds of the patient milieu im-
paded by disabling techndogies. medicd equipment, medica pradices and medical
settings. In a broad sense, techndogy can result in dsorientation, inflexibility and
confinement. By addressing and reconcili ng these issues architecturally, the negative
impad of techndogically sophsticaed medicd equipment and medicd pradices can
be tempered, and consequently help compensate for the hedth care — techndogy
paradox. In addition, the design of the medical environment shoud revisit some of
the heding and clinica advances associated with buldings that led to dramatic de-
clines in mortality rates in the ealy twentieth century, such as air movement, cross

ventilation, day lighting, bulding footprint size and massng.
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Architedure done cannot be wmpletely resporsible for, nar can it completely rean-
cile, the headthcare - technology paradox. The diagram at the right ill ustrates that the
design of intensive medicd settings $roud compensate for the negative impads of
tedindogicdly evolving medicd pradices and equipment by addressng patients' ex-
periential neads through the gpropriate architectural accommodation o enabling
tedindogies. In order to be cnsidered hedthful, these enabling tecdhndogies shoud
provide the patient in the medicd setting increased comfort and control. And, to pro-
vide for increased comfort and control, architedture can addressthe paradox by gener-
aly being reasauring and comprehensible, engaging and stimulating, and providing
flexibility to alow for change. At the same time, it must do this while generally pro-
viding a therapeutic environment and effedively acaommodating medicd equipment
and padices. The following sedions of this chapter will i dentify these architedural
acommodations and hawv they compensate for the negatives impads associated with

technology.
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Environmental Optimization and Architedure & Clinicd Instrument

A heding environment that provides for comfort and control shoud employ technd-

WENE TIAN FTE%“"‘"‘
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— ':f:__—é[ _....l = modern techndogy in the hospital has taken ealy twentieth century architeds from a

ogy to enable personal optimization d the environment. As discussed previoudly,

light-fill ed, well ventilated, breathing building to an environment that is hermeticdly

Feee 1
—.7 ——Dﬁ seded, relying on artificial light and redrculated air largely controlled by medical
— [ — JI staff and regulated by buil ding automation systems. As the hospital evolved from the
== : r-.] simple ward to a complex building fill ed with various departments, it became very
important for medhanicd systemsto regulate temperature, humidity and light that was
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2 L QoD itical for procedures and mai f medica equi

. = e . The anourt of hea
mE IOy e criticd for procedures and maintenance of medicad eguipment
produced by computers, equipment, people and medanical systems (stean lines,
Figure 66. Paimio Sanatorium: Patient Room transformers, etc.) was difficult to overcome with passve ventilation and ouside ar.
Plan showing operable windows and ventil a-

tion. In addition, some procedures sich as surgery relied oncolder temperatures to mini-

mize patients breahing, heat rate and pdential for bloodloss These artificial sys-
tems tranglated to the entire hospital, partly becaise the techndogy was available. It

was perceived as beneficial to the inhabitants and ower the long term it saved money
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Figure 67. Hospital with small windows and a
seded huilding envelope.

Figure 68. Hospital air filter with mold.
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by maintaining a fadli ty-wide balanced system. However, whil e these systems pro-
vided for the general needs of techndogy, the amourt of control any particular patient

had owver the dimatological aspeds of the immediate environment was saaificed.

Hospital buildings have complex medianicd systems that may still harm occupants
as a high percentage of the total building air is recirculated and redistributed. At the
extreme end d the spedrum, hospitals that are sealed and rely on medianical systems
may be subject to a greater risk of “sick bulding syndrome.” Hospitals are highly
subjed to this, na only because of ill patients and redrculated air, but also because
the patential for water damage and mold growth is high (Nordstrom, et. al., pg. 683-
688). Hospitalsfinishes are typically synthetic and may off-gas volatil e organic com-
pound and cleaning agents used by housekeeuing personrel can have powerful and
caustic vapars.  Also, continuows renovation and repair constantly credae fine dust
particles. Higher humidity levels in the hospital spawn bacteria and viruses, and the

pasition d mechanicd air intakes that do supgy fresh air into the hospital are some-



Figure 69. The Intelli gent Workplace™.
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times located too close to bulding exhaust fans, oudoa smoking aress, loading

docks or heli pads (Brownson).

At the same time, na being able to adjust and personally optimize an individual’sim-
mediate environment can present lad of control issues. Kenneth A. Wallston studied
the potential for correlation between control and hedth and concluded that, “a lack of
control can ad as a stresor and have a dired, negative dfed upon oOr€'s
hedth” (Wallston, pg. 218). Also, ina1999articlein the Architeds Journal, studies
of windows in buldings have shown that “personal control is the single most impor-
tant fador underlying comfort” (Leaman, pg. 38 and that perceptions of control are

linked to hedth and productivity (Bordass pg. 17).

The Intelli gent Workplace™, at Carnegie Mellon University in Pittsburgh, which isa
multi-discipli nary reseach and study effort of advanced bul ding systems and integra-

tion, focuses on measuring the environmental comfort, satisfadion and hedth for the
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individual user. Workstations within this ace ‘give each occupant the ability to
control thermal, visual, acmusticd and air-quality characteristics of their micro-
environment” (Schmertz, pg. 153. There ae dso controls avail able to vary acousti-
cd privacy. Environments such asthose & Carnegie Mellon uili ze techndogy to en-

able ontrol and comfort and crege an environment that is hedthful.

Tedndogies such asthose in the Intelli gent Workplaceshoud be implemented in the
design of medical settings because they can afford control to reauperating patients. If
these controls are simple to use, as with the touch of buttons smilar to the most com-
mon audio-visual technologies, and result in a dired and immediate response for the
patient, the avility to for control could effed the mental state of a patient as well as
their physicd comfort. The patient could have total control over the patient environ-
ment much like in “Smart” home environments today. Patients could have control
over visua and amustical privacy, amourt of daylight or artificial light, amourt of

airflow, air quality or temperature & well as techndogy they currently have wntrol
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over aready, such as nurse cdl, staff assstance, television, internet, food service, etc.
Tedhndogy such as thisis enabling and therapeutic and is very applicéble to the aiti-
cd care environment where patients are psychologically struggling with the ladk of

control and the potentially discomforting environment of the I.C.U.



Figure 70. Overhead equipment boam that al-
lows reconfiguration of patient room.
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Configurabili ty and Setting Diversification

Mayer Spivadk wrote in Archetypal Places that, “environments are restricted to a se-
verely limited range of settings in which to carry out al of the behavior that consti-
tutes the human repertoire” (Spivak, pg. 44). Humans have diverse physical, psy-
chological and socia needs that are typicdly carried ou on a daily basis and in the
intensive cae patient environment this neel is no dfferent. People work to be pro-
ductive, socidize to buld relationships, engage in reaedion to release energy and
rest to reauperate the mind and baly. Typicdly, the settings in which each of the ac-
tivities take place differ in order to accommodate a particular function. In our own
homes, we have the aility to move from room to room to vary our setting; offices are
for study, living rooms are used for sociali zation and bedrooms are used to rest. Most
hospital patient rooms are nat designed to have multiple rooms like ahouse. There-
fore the diverse functional needs of humans typically occur within a single room. In
order to provide for setting diversity, this one room shoud be designed with the flexi-
bili ty to accommodate different configurations. This flexible room must also be de-

signed and equipped to provide for reconfiguration through use of technologicd de-
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vices such as movable walls or panels, windows or furniture. In a patient room that
allows diff erent settings, being able to provide for a patient’s physical, psychadogical

and social needs can be therapeutic.

Medicd settings have traditionally been designed to be flexible so that a faality can
physically grow, incrementally add services and adjust to urforeseen change. Flexi-
bility can be designed for in dfferent ways and usually consists of aregular and pre-
dictable structura system, extra cgaaties for horizontal and verticd expansion (from
a gite, structural, medhanicd and eledrical perspedive), strategic location d easily
aterable “soft” space & well as appropriate interior and exterior space planning and
departmental arrangement condcive to growth. Flexibility, configuration and re-
configuration shoud be acommodated for the benefit of the patient and na only for
medicd equipment and medicd practices. A healing environment shoud provide for
comfort and control by implementing techndogy to enable a variety of spatial con-

figurations that accommodate diverse adivities over the duration o a patient stay or



Figure 71. Aninflexible and outdated structure
that had to be built around.
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the longevity of the patient care setting.

Flexibili ty, with respect to fadlity planning and unpedictable growth, is a basic ne-
cessity in the design of hedth care achitedure. At any given time, new spedalties
may require new buil ding services and infrastructure. Governments can change reim-
bursement rates for medica care rendering a particular hospital service unprofitable
and uncksirable. Insurance premiums on rewer, more dalenging and dangerous
procedures could escdate, causing a fadlity to evauate whether or not a particular
service is worth the risk. Frequently, new technologies guch as wireless networks or
integrated dgital imaging and videoscopy are required to provide for more communi-
caion and deliver better medica care. There ae new moddliti es that are marketed or
upgrades to dd modaliti es that are faster, have better output, are more efficient and
deliver cleaer and letter results. A hospital withou an adjustable framework that
does nat allow for easier transitions will not yield a therapeutic environment over

time for its occupants. Poorly planned faaliti es will delay progress inhibit roll out of
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new techndogies and services to the patient population and impede growth of ser-

vicesin high demand.

Flexibility that enables the wnfiguration and the recorfiguration o space can alow
the user to control and constantly adapt surroundings to med both the dhanging and
timelesshuman needs described ealier. Among those needs in the hedth care setting
are privacy and solitude, socialization and interaction, educaion, consultation, adiv-
ity aswell asreavery and heding. Often, petients are confined to asinge room that
do nd provide for the patterns that crede aheding environment. The design dof these
spaces are typically focused onmeding clinicd neals such as treament, therapy and
examination. Throughout any day, patients are subjed to intrusions out of their con-
trol. Nurses and physicians continuowsly monitor the condtion d the patient, lab
workers take blood and other biologicd samples, caseworkers ask questions, families
and usitors drop by and aderlies do transfers. The patient has to ea, rest, socialize

and recaeive medical care dl within the same setting.



Figure 72. Patient tethered to the wall .

Figure 73. Patients are often positioned for ac-
cesshy staff.
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As a patient progresses from an ill condtion to a more hedthful condtion, a room
that is configurable shoud allow them to alter their immediate environment to satisfy
variable physical, psychologicd and social neals. Hospital rooms, particularly pa-
tient rooms, can be amongst the most inflexible spaces. The patient is typicdly teth-
ered to the headwall because of medica gasses, monitor leads, diaysis or intravenous
fluids. There is usually medicd equipment, such as ventilators, pumps or dialysis
machines clustered around the head o the patient that are obstructive and cumber-
some to move. When architeds design fadliti es, they typicdly involve hospital staff
and seldomly med with patientsto dscusstheir isaies and reeds. Theresult isan en-
vironment that is tail ored to staff use, convenience and efficiency that are dl impor-
tant criteria, however this aong with accommodation d medicd equipment is typi-
cdly theonly focus. Inthe medicd setting, this tranglates to the design of aroom that
places the patient furthest from the window, neaest the arridor in dred view of the
nurse station, uner artificial light, with little cnnedion to the outside world. This

amourts to the least private, loudest and an uncomfortable paosition.



Figure 74. Hinged Space An enclosed room.

)

Figure 75. Hinged Space An open room.
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The aility for the patient to manipulate their surroundngs to ater room configura-
tion to satisfy human needs and kehavioral patterns could resolve the ladk of diversi-
fied space ad pomote heding. For example, in the design o the “Hinged Space
Housing Projed” by Stephen Holl, sliding, tilting and rotating panels that are hinged
and pgvoted are enployed that all ow inhabitants to adapt to a wide variety of individ-
ual and colledive neals. These panels are used to invent and reconfigure living
spaces, adapting to nighttime and daytime cycles, periodic needs or changes in the
lives of the inhabitants. Thistype of interactive space can all ow a multitude of spatial
configurations. Inthel.C.U. environment, hinged wall s or glasspanels can be imple-
mented to open a room to a nursing corridor for increased visibility and enhanced
medicd care. Those same panels can be used to crede amustical or visua privacy
for rest or solitude. They can also be used as a physical barrier between family zones
and petient zones and allow for in-room family stay. The degree of configurabili ty of
the room and spatial diversity required can increase and adapt as the patient get

hedthier.
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Mohili ty, Stimulation and Engaging the Environment

The human brain is an extremely complex neural network that forms at birth, gows
and aganizes itself during infancy and further expands and reorganizes as it proc-
es®es and responds to a vast array of stimuli receved through the externa environ-
ment. Links have been made between the degeneration o neurons that compose the
brain and inactivity or lack of mental exercise and stimulation. Patientsin hedth care
settings who tend to be severely ill and dsoriented are typicaly mohility impaired,
spend alot of time in the prone position and are espedally subjed to alack of mental
stimulation. Often, the design of our hedth care environments do nd enable patients
to engage with their immediate interior environment as well as the outside environ-
ment. The lak of mental stimulation, couped with the patient’s inabili ty to move,
creates an environment that is condwcive to fedings of confinement and stress and

can therefore be cwnsidered unkedthful.

In Archetypal Places, Mayer Spivad drew parallels between the anourt of confine-

ment and the degree of illnessin the institutional setting. He said, “the sicker one



Figure 76. Stimulation in an environment.
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seams, the more one would be confined; the more one's confinement, the sicker one
seans’ (Spivack, pg. 45. Heis gedfically referring to the amourt of freedom inpa-
tients, particularly mental patients, had to move abou their environment and partake
in the oppatunitiesto be adive. The paradox iscircular. People fed confined when
they are disoriented and are unable to find their way in bulding. Confinement is also
perceived when there is aladk of options or diversified settings that patients can ex-
perience, what Spivadk refers to as “setting deprivation.” Confinement may also
come from the physicd inabili ty to move because medicd protocol does not all ow it,
or a patient relies too much oncumbersome medica equipment or their sicknesshas

rendered them immobhil e.

Stresscan be brought on by aladk or overload of stimulationin the environment. Our
minds processthe anount, properties and qualiti es of the stimuli i n the environment.
Properties of stimulation can be degrees of intensity, variety, complexity and mystery.

Too much o too littl e stimulation can yield an improperly balanced environment as



Figure 77. An acute cae patient room with too
littl e stimul ation.

Figure 78. An acute cae patient room with
moderate levels of stimulation.
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people tend to function optimally at more moderate levels. In the Journa of Environ-
mental Psychology, there is evidencethat links alad of stimulationto baedom and,
on the extreme end, sensory deprivation (Evan and McCoy, pg. 85. The phao in
Figure 77 is an example of room that is devoid of stimulation with a lack of detail
decoration and contrast of materials or colors. There is also nore of the acoutre-
ments that are typicdly foundin the home environment such as furniture, accessories,
artwork and we can only assume that provisions are made for storage, persona effeds

and accommodations for family as can be seen in Figure 78.

Contrast to this, over stimulation such as in Figure 79, has been knawvn to cause inter-
ruption and dfficulty in focusing because there ae too many objeds, madines,
noises, colors, textures, etc. that demand our attention and interfere with ou cognitive
processes. Often, intensive cae environments are asciated with over stimulation
asciated with an abundance of medicd equipment and aher techndogical devices

locaed within the room. Also, loud nases, strong odas or bright colors al affed the



Figure 79. Over stimulating |.C.U. environ-
ment.
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intensity and variety of a stimulus. Complexity and mystery refers to the degree of
variety, diversity and the promise of further information in a setting. When intensity
gredly varies from more moderate levels, an environment can beame onfusing and

unanalyzable, which consequently resultsin a stressul situation.

Typicaly, medicd settings and medical practices are nat condtcive to allowing or
suppating stimulation a movement. However, the Planetree model of “patient-
centered care” addresses the medicd practices and operations that contributes to per-
ceptions of confinement. This philosophy is “based on dfering patients choices and
individual control over most aspeds of their care, which runs courter to the strict
timetables and treament protocols that enable hospitals to function effi-
ciently” (Makin, pg. 23). The objed is to empower the patient to become adively
engaged in the heding process something that Norman Cousins discovered duing
hisillnessin the 1970Gs. The Planetreemodel of care however, focuses more on the

interior operations than on architecture. There ae some spedfic programmatic impli-



Figure 80. Bordeaux House: Floor without
platform.

Figure 81. Bordeaux House: Floor with plat-
form.
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cdions in that family, social, educaional and gathering spaces are typicdly essentia
to this philosophy. The Planetree model of care does operationally what this thesis
seeks to do architeduraly and that is to engage and stimulate patients with the ulti-

mate goal of helping to improve the heding process

The adility for the patient to manipulate their surroundngs and alter their position
within the room or building could resolve confinement issues, be more engaging and
promote stimulation. Techndogy could play arolein helping resolve thisissue. For
example, the “Bordeaux House” by Rem Koodlhaas was designed to accommodate a
family whose father is confined to a whedchair following an auto acadent. The
house is compaosed o threelevels that are mnnected by a ten-foat square verticdly
moving platform. The threelevels, aong with the enabling platform, serve different
behavioral patterns; the lowest level allows for family and communal life, the middle
serves as workplace and study and top level acoommodates the most private and inti-

mate living functions. The house, with the devator room as the binding element, was



Figure 82. Patient room with mobil e technol-
ogy offers patential for mohility.
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designed to liberate the father from the “prison-like” confines of the previous house.
Along one wall of the devator platform is a cntinuows surface of shelves for access
to bools that are aneaessty for the pulisher-resident. The design of the house en-
abled the family to function as well as increase mohility, control and empowerment

and dtimately be liberating.

Tedndogy, similar to what was employed in the Bordeaux House, could be utili zed
in the intensive cae setting as well to create an environment that is more stimulating
and engaging with the patient. The phao onthe right depicts a patient room where
the patient in the bed is hooked upto amedica gas boam. The medical gas boan can
swing, rotate, telescope, raise and lower to accommodate apatient’s position within
the room. However thistedindogy is rarely used to enable, for example, the patient
in the phao to be neaer or fadang the window instead o the interior portions of the
building. The function d the boam is mainly for staff access behind the patient’s

head in the event of emergency. Also, if the boam moves then the patient bed, medi-



74

cd equipment and aher furniture within the room neeal to be moved with the boom
separately. The comporents shoud be designed to interface or engage together to

move & a mhesive unit and ke more user friendly.
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Orientation and Spatial Comprehension

Medicd settings $houd be aranged and aganized to provide wherence. Coherence
in a building enables users to make reasonable deductions abou the identity, meaning
and locaion d spaces within a building (Evans and McCoy, pg. 87). When buldings
are disorganized and users canna discern urderlying form or detect a pattern of
spaces, stress will result. This is not to say that buildings need a monaony of
rhythm. People can get lost in monaony as well, as if a city was composed of noth-
ing except city block after city block with every fagcade and dmension keing the
same. Instead, people neal to be able to read and understand their environment, by
having regular building shapes periodically broken up by distinctive dements with

connedionsto the exterior environment.

Parall els are often made between cities and medical settings because of similaritiesin
organization, structure, complexity and variety of comporents. In arder for a dty or
medicd setting to be understandable and easily navigable, it has to be properly struc-

tured and aganized so inhabitants can read visua cues and landmarks to fadlit ate



Figure 84. Roman City Grid Plan.
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movement. The Medieval city shown in Figure 83, is an example of an environment
that was designed with winding narrow alleys to intentionally cause cnfusion to the
visitor or intruder, whereas the Roman city in Figure 84, was designed for clarity,
predictability and regularity. The Roman city is the basis of many modern cities be-
cause the design fadlit ated organized movement of a massquantity of people toward

inward and ouward destinations.

Older models of haspitals such as the pavilion hospital, although of tremendows Sze
and scale, were generaly regular in order, predictable in shape and clea with regard
to the interna organization and spatial comprehension. There were dso many way-
finding cues such as courtyards or conredions to landmarks that helped the visitor
navigate the interior. As the hospital grew more complex and departmentalized, it
eventually got more massive and bukier as each of these departments was esentially
interdependent and required physical conredion. Separation d these departments by

thousands of square fed of courtyards would have resulted in an inefficient and wide-
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Figure 86. Typicd hospital plan of today.
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sprea floor plan that increased walking, transportation and staff travel times. With-
out visua cues, the arridors in these faaliti es are typically nondescript and rather
easy to dsorient. The advent of techndogy in the hospital predpitated continucus
change and these corridors systems becane even more crrupt, winding and dfficult

to navigate. Thisaso creaed a sense of confinement and thus aladk of control.

A heding environment shoud provide for comfort and control by implementing tech-
nology to enable an environment that is more cwmprehensible and ketter orienting. A
major forcethat is contributing to the way hospitals will be structured and organized
in the future isinformationtedhndogy. Tedndogical devices, systems and networks
are used to store, retrieve, distribute, present and communicae avast quantity of in-
formation in avery short period d time. In dder hospital models for example, a pa-
tient record had to be retrieved by administrative personrel from a large medicd re-
cords gorage room located within the hospital that is fill ed with shelves of fil es that

looked the same and transported by foat to a dinician who reeded to chedk for aller-



Figure 87. Hospita corridor that isdifficult to
read.

Figure 88. Hospital corridor with landmarks
that islessdifficult to rea.
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giesin a patient admitted to the emergency department. In many haospitals today, the
clinician, while with the patient, can accessa bedside mwmputer, enter in basic patient
information and retrieve an electronic medical record instantaneously. Thisrecord is
stored with information onthousands of other patients on a mainframe database, na
within the hospital, bu possbly hundeds of miles away in ancther city. Similar to
eledronic medicd rewords is PACS or picture achiving and communicaion system,
which is a database for X-rays, mammography and daher radiology images. Bar-
coding and scanning technology is also used for point-of-care on nusing floors to en-
sure administration d proper medications as well as trading of hospital supplies used
for patient treament. These techndogies are repladng time and motion functiona
relationships with dgital ones and are enabling greder decentralization d suppat
services such as satellite pharmades and off-site warehouses. No longer are mass

quantiti es of materials gocked within the wall s of the hospital.

Tedndogies can enable afacility to be more orienting, uncerstandable and compre-
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Figure 90. Decentrali zation Diagram.
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hensible. With the example of information tednology, the anourt of space required
for the storage of medica reaords can be reduced as the medicd recrds gorage aea
nolonger nealsto be centra to the hospital, distanceis nolonger relevant andtime
has been compressd exporentially. Sincetechndogy has the cgadty to reducethe
size and complexity of hospitals, the result is consoli dation that only includes essen-
tial services andincreases the aili ty for better orientation and an uncerstandable
structure. More legible buil dings can be designed by bre&ing up the thick, buky
modern haspital of today into small er decentralized bocks. Decentrali zation means
that the massve departments, such as surgery, radiology and emergency that once
compased the typicd hospital are being subdvided and separated to form the smaller
hospital of tomorrow. Thereisnolonger need for a central nurse station, central lab
or respiratory therapy department. Registration a information gathering can be dore

remotely at the bedside or at home through the internet. Fadliti eswould continue

to become larger, more centrali zed, thicker and bulkier without these new abiliti es to

communicae by way of computer, E-mail, cdlular phores, or pagers and the aili ty
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to share information expediently, If we did na have asuperior ability to communicae
by way of computer, email, cdlular phanes, or pagers as well as have the aility to
share information expediently, faalities would have @ntinued to becwome larger,
more centralized, thicker and bukier. The aitical time-motion relationship of physi-
cdly-conrected hospital models has been dminished by a virtual and computerized
era. The ansolidated and compaded design of the decentralized haospita aff ords the
oppatunity for a more dea and concise user experience from bath a staff, patient

and visitor perspedive.
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Conclusion

Tedndogy, where employed in the tertiary care medicd setting, reinforces the para-
dox when it is disabling and tempers it when it is enabling. Tedwndogy is disabling
when it takes away patients comfort and control by being disorienting, inflexible ad
confining. The result is an environment that causes much stress and impedes the
heding process Architecture is not completely resporsible for this gress nar can it
completely reconcile the stress The hedth care - tedhndogy paradox can orly be
adequately resolved if there is an integrative approach between the design o the
medicd setting, medicd equipment and pradices. Medica settings alone can ony
help compensate for the negative dfeds caused by techndogicdly sophisticaed

medicd equipment and medicd practices.

In order to mitigate the negative eff ects caused by tedindogy, architedure can play a
tempering role in ogimizing the comfort and control that patients need. This control
can be provided ower physical elements in the environment, or they can be aper-

caved control where the design of the hospital helps minimize stressby being easy to
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comprehend as well as engaging. To provide for comfort and control, architedure
shoud be mmprehensible and reasauring, engaging and stimulating, and poviding
flexibility to allow for change. Through this, a healthful and therapeutic environment
can be atained. Generaly we are cmfortable with techndogy when it is enabling
and undrstandable, and we ae uncomfortable with it when it is disabling and urfa-
miliar. And, when given a dhoice, patients voluntarily seek those medica settings
with the best medicd pradices and equipment becaise they are reasauring and result
in the best hedth care outcomes. If these advanced medica tedndogies and prac-
tices are realily avail able, then people will seek those medicd settings, including it’s

tedindogy, that are most therapeutic and enabling.



DESIGN CRITERIA FOR EMPLOYING ENABLING TECHNOLOGY IN THE
TERTIARY CARE SETTING

The tertiary medica care setting shoud employ enabling and therapeutic buil ding
tedindogy as well as accommodate enabling and therapeutic medicd pradices and
equipment so that the health care experience can be optimized. The foll owing design
criteria are focused onthe design o tertiary care environments as they are the most
complex and contains the most sophisticated medicd pradices and equipment. Al-
though the intent of tedhndogy in the medicd setting is to provide positive hedth
outcomes, the result has been somewhat paradoxicd. Instead of these tedhnologiesin
the medicd setting being stressul and disabling, they shoud be employed to be ena-
bling and therapeutic. In order to be enabling, techndogies $houd provide for com-
fort and control by promoting spatial comprehension, stimulation, setting diversifica-
tion, and environmental optimization. At the same time, medicd settings need to
functionally accommodate medicd equipment and pradices to create a ®hesive evi-

ronment where the tedhnologies are fully integrated.



Figure 91. Anambiguousintersedionina or-
ridor.
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Figure 92. Clea and legible hierarchy of circu-
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Employ a Buil ding Framework that Enables Order and Flexibili ty

Tertiary care settings $ioud be designed with an arderly, regular and predictable
framework that has smple, clear and dired paths yet still retains flexibili ty to acom-
modate the tecdhndogicd change and gowth of medicd equipment and medicd prac-
tices. Decentralization enables hospitals to functionin a more mwmpad way to allow
simplified buldings with shorter, more direct and clear paths. When bulding design
negledsto be dea and aderly, it ismore difficult to navigate through a buil ding and
find destinations. Furthermore, if buildings do not have aregular and predictable
planning framework, then chaotic change can occur over the life of the building. The
ladk of a dear planning order typicaly results in floor plans with a many turns and
changes in dredionthat one must take to reach their destination, ambiguous intersec-

tions, such asin Figure 91, and unrecessary jogsin corridors.

A commonly known geometric principleis the shortest distance between two pantsis
astraight line. Although this occurs infrequently in most hospitals, the paint is that a

system of interconnecting and herarchical pathways shoud be established to fadli-



Figure 93. High-rise plan showing clea and
dired paths from elevators.
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tate dear and smple movement in the most dired way possble. Asin Figure 92,
there shoud be aclea and legible hierarchy of circulation from primary pathways to
secnadary, tertiary and finaly private badk-of-the-house service pathways for staff
and gowned inpetients. Clarity also results in time dficiency and, in a hospital, al-
lows materials, prarmaceuticas, personrel, patients, etc, to be transported in the most

dired and fastidious way.

High-rises and skyscrapers are equipped with a system of elevatorsto quckly move a
large number of people throughout the building. In Figure 93, most of the movement
is upward through a central core and because of the compact floor plate, circulationis
fairly short and dred oncethe desired floor isreadhed. The transportation and hgh-
way system in the United States in Figure 94 is another example of a network of path-
ways that conrect us from major destination to major destination. A falacy of the
highway system that should be avoided in buldings is that they more often than not

tend to be monaonouws and withou stimulation. Anything notable on open stretches
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Figure 96. Treeof Life: Orienting sculpturein
MD Anderson Cancer Center.
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of highways is absent, making the driver reliant on signage and bill boards. In buld-
ings, the extensive use of signage is generally discouraged, as these too can be diffi-

cult to follow (Figure 95).

More eff ective pathways have landmarks or anomalies that the visitor can easily re-
member such as exterior cues, courtyards, sculptures or other works of art, light wells
and wertical spaces. The paosition d these landmarks is more dfedive & dedsion
points or transition areas along a path. These @an aso be used as a mgjor orienting
device throughou a building, conneding a person’s present location to that of where
they have been. For example, the M.D. Anderson Cancer Center Tree of Life sculp-
turein Figure 96 is placed along a primary route, in alarge open vertica space andis
used a wayfinding device. The @murtyard and light well used in LondonBridge Hos-
pital in Figure 97 serves to let in natural light but also serves to orient people & they

passthrough or adjacent to such an oustanding space



Figure 97. Atrium in London Bridge Hospital.
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Figure 98. The hospital labyrinth—the result of
chaotic change.
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Along with a system of clea paths, there shoud be a framework that maintains integ-
rity and clarity and al ows change to occur without saaificing spatial orientation and
comprehension. What happens in medicd faaliti es over time, as can be seen in Fig-
ure 98, is the main paths often get atered, changed and convduted as adjacent spaces
or departments grow as the result of tedinoogy. Tedndogy is often what drives the

design o the floor plate and hes the propensity to result in chaotic change over time.

A building with aregular, predictable and aderly framework is more likely to main-
tain the organizational integrity amongst spaces, corridors, departments and thus the
entire facili ty over time and throughou growth and change. This can be done by cre-
ating channels for growth that stem from main arteries or fixed vdumes, such as an
atrium, and gow into aflexible, bu predictable structura framework. Thisis analo-
gous to urban design, where the infrastructure, streds, bridges, etc. are stable de-
ments and what changes is the internal composure of the blocks in between. The

structural framework for a building shoud be & open as passble to acommodate in-



Figure 99. A predictable and orderly frame-
work.
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terior alteration and med the neal for techndogies that require vast space and de-
manding infrastructure. For example in Figure 100, a radiology suite may have been
designed with storage spaces, shelled areas or patentially offices or conference rooms
along an exterior wall. It isrelatively easy to rework a duster of these “ soft” spaces
for new tedindogy. A flexible structure will aso alow change to occur over more
condensed periods of time, bringing the therapeutic equipment and pradices online

for patients in aquicker timeframe.
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Employ Information Systems to Allow Small er Buil ding Foatprints

Information tecdhndogy has redefined the way people communicae within the hospi-
tal as computers, cell phores, wireless networks, global paositioning and scanning
tedhnology has increased the amourt of data transferred between locaions and hes
enabled it to be done from remote aeas. Tertiary care settings $houd be designed to
utili ze the advantages associated with information techndogy and the decentrali zed
hospital to enable more compad and thinner building floor plates instead of wide-
spread, masgve buildings. Because most information naw travels digitally over com-
puterized networks, larger centralized departments, such as Respiratory Therapy,
Pharmacy, Laboratory and Diagnostics can be divided up and redistributed into
smaller blocks to better serve medicd specidties such as Neurology, Orthopedics,
Cardiology or Obstetrics. Decentralization hes also alowed suppat services pro-
vided with the hospital to be reduced by locating them offsite to be shared with ather
hospitals. By reducing the amourt of services, relying on remote cmmunicaion
methods and spreading the remaining services throughou the buil ding, the organiza-

tion and structure of the hospital can change dramaticdly. The end result will be hos-



Figure 101 Typicd 20th Century Centralized
Hospital Typology.

Figure 102 Horizontally Arranged Decentral-
ized Hospital Typology.
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pitals that can be spread out through the community, or multiple hospital buil dings
locaed onasingle canpus eat with a separate entry. Or, multi ple specialty services

could bein ore building verticaly stratified into distinct centers of excdlence

As depicted in Figure 101, the twentieth century typology of the haspital found most
departments adjacent to eat ather becaise, in general, information was transferred
by way of walking. Information included charts, patient medicd records, X-ray
films, registration, financial records, lab results or medicaion. Surgery typicdly re-
quired adjacencies to radiology, internal medicine, anesthesiology and the lab. Now,
surgical suites can be designed in certain circumstances to incorporate dl of those
services into one department with increased efficiency. The new organization, as de-
picted in Figures 102 and 103,shows that hospital services no longer have to be cer-
tralized departments. For example, the green in the diagram could be an 1.C.U.,
whether it isamedicd, surgical or coronary care |.C.U. The red could be the lab and

the yellow can be radiology, or case management or biomedicd services for that mat-



Figure 103 Verticdly Arranged Decentrali zed
Hospital Typology.
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Figure 104. Spedalty servicefloor with decen-
trali zed suppart departments.
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ter.  Larger departments can now be divided up into smaller and more wherent
blocks as ill ustrated in Figure 104. Also, they are not necessarily contiguous depart-
ments any more because they are nolonger a centralized whoe. Colledively though,
departments that are spread throughout the hospital may not necessarily be physically
smaller as many spaces will be replicated from spedalty to speaalty. Departmental
decentrali zation essentially alows a hospital within a hospital and centers of excd-
lence No longer do we need centralized areas where the medical expertise is func-

tionally coll ocated within a single department.

The haospitals within a hospital concept can alow more mmpad buildings to be set
up. Spedalty service line “hospitals within hospitals’ can be scatered throughou a
geographic region a, as in Figure 105, they can allow services to be located onthe
same site but in dfferent buildings or services can be stratified verticdly and stadked.
These self-contained operational units can allow simplified massng that is easy to

comprehend from the outside and inside. It can also allow better building organiza-



Figure 105 Spedalty serviceslocated in dif-
ferent buil dings on same site.
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Figure 106. Clea wayfinding for hospitals
within a hospital.
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tion as al services necessary for a spedfic hospital popuation may be located within
a ondensed area Patients and visitors for agiven dagnosis or disease speciaty have
no reed to go anywhere dse within the building. Wayfinding patterns, such as those
in Figure 106, can be more dea and simplified, and travel times can be decreased for
patients, visitors, staff as well as materials. This will aso alow services to be
brought to the patient in a quicker and more dficient manner. Smaller and thinner
buildings aso increases the anourt of exterior wall in propation to the aeaof the
building foatprint all owing more exposure to daylight, airflow and conredions to na
ture on the exterior. The shorter travel paths can provide for increased arientation

and spatial comprehension, which in turn could reduce stress

High-rises and skyscrapers are examples of buildings that are stratified verticdly.
These buil dings are generally foundin urban areas because land values tend to be ex-
pensive and developers maximize rent by building high and having more tenants to

off set the development costs. However, the cncept can be &in to the hospital be-
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cause in high-rises, there are typicdly different businessoffices on each floor which
include their own administrative department, sales and marketing, research and devel-
opment, acourting, regulatory and compliance & well as information tecdnology de-
partment. The key difference with a high-rise building between businessoffices and
hospitals is expandability. The hospital floor plate must be able to flex or acarue to
acommodate more dramatic change than could be expeded for an dffice building.

But as far as providing service lines to the customer, each businesswithin a high-rise

can offer adifferent product, much like what could take placein a decentralized hos-

pital. Other benefitsto averticdly stratified bulding are expansive facades with vast

areas of glassas well as a simplified circulation system. This fagade of glass views

to the exterior and simplified wayfinding system make it more likely that the occu-

pant will be oriented while drculating throughout the building. This concept can al-

low architeds to overcome some of the modern shortcomings of twentieth century

hospital design that were aresult of tedhindogy.

Figure 107. Skyscraper: stratified verticdly.



Figure 108 Future patient room with mecha-
nisms that all ow control.
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Employ Medanismsin Patient Rooms that Empower Patient with Control

Tertiary care settings should be designed to utilize smple medanisms that enable
control over devices that can alter and improve physical aspeds of the environment in
which the patient spends the most time. Typicdly, patients will spend a mgority of
their hospital stay within the patient room. This sioud be the patient’s home base
throughou their stay, a stable placethey can call their own, personalize and grow fa-
miliar with espeaally during longer stays. It isimportant that these rooms are for one
person as it is hard to personalize and control an environment, allow for maximum
privacy andidentify with a setting when it is hared with a stranger. The room should
also be universal, meaning that the room shoud be sized and equipped to enable the
patient to receive dl of the care necessary from beginning to end of their stay within

that one room.

As cae of the patient typicdly begins today after a procedure such as surgery, the pa-
tient is frequently in their most criticd state. They require much attention from staff,

continuows monitoring, aroundthe dock observation and constant testing. This care



Figure 109 Universal patient room.
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takes placein a aiticd cae setting in a haspital withou universal rooms and as the
hedth of the patient progressed, they are moved to a step-down unt and then yet

again to an acute care patient room.

In a universal patient room concept such as in Figure 109, the patient would get
hedthier while remaining in the same room. Orientation with their surroundngs is
more e&ly maintained and familiarity with staff is more constant. Moving from
placeto place during stay could ruin the identity that a patient has with the environ-
ment. Operationaly, staff will need to be aosstrained, so that they are caable of
caing from a patient in their most criticd to most stable condtion. Decentralization
of the hospital makes this posgble by segregating the patient popuation into more
homogenous groups where dl patients have asimilar illness Cardiac care settings
are the most applicable becaise ill nesses are usually more severe, multiple levels of
the severity of care are required and haspital stays are typically longer. Patients in

these environments typically go from having control over their lives, to having very



Figure 110 Paimio Sanatorium.
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little control during severe ill ness and then trying to regain control to live normal

lives.

The ealy twentieth century pavilion haspitals, epitomized in Alvar Aalto’s Paimio
Sanatorium (Figure 110), were designed to be places for heding. The design o these
buil dings maximized sunlight, airflow and views to the exterior, minimized ndse and
allowed for privacy. The Sanatorium was designed with sensitivity toward sight,
sound,smell, warmth and cold as the condtions of the environment were criticd for
patients who spent months reamvering while in a supine position. Although pavilion
hospitals achieved this therapeutic value through fairly low-tech methods, the buil d-
ings and the high tednology of today can orce again doffer more control of these
physical aspeds. Devices shoud allow patients to control sunlight, hed, air move-
ment, sounds and white naise, smells from the exterior and views to neture. This can
be dlowed by control over the buil ding envelope and fenestration system through de-

vices that include shading mecdhanisms, window openings, louvers, thermostats, sup-
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Figure 112 Sunshade Detail at Debis Tower.
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plemented by artificial lighting and medhanicd ar. The Intelligent Workplace at
Carnegie Méelon University (Figure 111) sets up microenvironments by providing us-
ers with a desktop “environmental control modue” that alows control of sunlight,
airflow, temperature and noise level. Sunlight is controlled by mechanical shades at
windows, louvers and goerable windows control airflow, re-locaable air diff users and
ventil ators regul ate temperature and a low volume dedronic sound screen can mask
noise (Schmertz, pg. 153. Renzo Piano implemented a system similar to this in the
Debis Tower in Berlin (Figure 112). Done over a much wider scde (the bulding is
approximately one million square fed), the fagade dlows for user comfort and con-
trol through an elaborate doule-curtain wall system that provides operable windows,
tilti ng medhanicd shades and external eledric blinds to modulate dimatic condtions
(Rus=ll, pg. 128. This type of fagcade is becoming popuar in nathern Europe be-
cause of energy conservation and espedally so in Germany because of laws that limit

depth of floor plates and dstanceworkers can be from windows.



Figure 113 Legacy Good Samaritan: Overhead
boam all ows adjustabili ty.
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Privacy, or the lack of, in a hospital is a psychdogical concern. A sick and hespital-
ized patient has to accept the given environment whereas a hedthy person can leave a
room or change it to suit their needs. Unwanted intrusions into a room are foundto
produce an elevated amourt of anxiety (Malkin, pg. 17). The control of a patient’s
pasition within the room can regulate privacy, both visual and acousticd, as well as
alter spatial configuration to allow for care to take place, provide room for visitors as
well as adjust to the neal for solitude. Headwalls in hospitals oud have some
flexibility to adjust position within the room. In the Intelli gent Workplaae, users can
change position throughout the building, when uncomfortable for any reason, by un-
plugging and dugging in mobile workstations. This type of flexibility may not be g-
propriate for haspitals. The Legacy Good Samaritan criticd care room (Figure 113)
in Portland, Oregon provides a boam, with flexible, rotating and telescoping compo-
nents that are suspended from the celing that all ows equipment and medicd gasses to
move aoundwith the patient. Thiswas not necessarily done to provide apatient with

optional setting configurations and increased privacy. It was done more so to provide
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care-giving staff with more antrol and flexibility (Will ette, pg. 308311). While & a
higher acuity the patient can be positioned toward the interior for staff observation

but could aso be re-pasitioned for views out of windonvs while & alower acuity.

Being sick usually means losing control, and re-gaining control usually makes people
fed better and is perceived by most as an indicaor of recovering from injury or ill-
ness Inan articlein Nursing Management in March of 2000, research has $hown that
the ability to control the environment has a healing effead (Murphy, pg. 38). When
people have some @ntrol over events uch as adivities, privacy and nase, their envi-
ronment becomes more predictable, which has a stronger positive dfed on stressre-

duction (MacArthur).
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Conclusion

These aiteria ae aeded to asgst in the design of the techndogicdly sophisticated
tertiary care medical fadliti es that contain the most advanced medicd equipment and
complicated medicd procedures. Enabling tedhnologies shoud be employed in these
settings to provide comfort and control in order to have a positive hedth outcome.
This can be atieved by providing patients control of medhanismsto optimize the en-
vironment, control privacy and provide stimulation. Also, providing smaller buil ding
foatprints alows better orientation, spatial comprehension and clearer wayfinding
patterns. Finally, employing a building framework that establi shes order while dso
allowing for flexibility will crede a ©hesive environment that functionally accom-

modates medicd equipment and medicd pradices yet is therapeutic and healing.



TEST CASE

The purpose of thisthesisisto define the role of architedure in addressng the hedth
cae - techndogy paradox. Tedindogy in the tertiary medicd center yields both
positive and regative health oucomes because dthough it has datisticdly proven to
be beneficia, in the short term it credes adverse hedth effects. It has been proposed
in this thesis that architedure is not completely resporsible for the paradox, nar can
architedure done resolve dl of the negative effects caused by techndogy. But, ar-
chitedure has the potential to temper effects of the paradox by generally providing a
therapeutic environment, effedively accommodating medical practices and equip-
ment, providing flexibility to accommodate changes in medica pradices and equip-
ment, and promoting comfort and control. Since the hedth care — tedinology para-
dox ismost prevalent in critica care settings, this thesis proposes a Heat Hospital for
the Laguna Honda sedion d San Francisco, California. This faality proposa will
involve an integration of enabling techndogy that combines ophsticated medicd
equipment and advanced medica pradices with the most complex medicd settings to

help provide comfort and control to the one of the most ill popuation d patients.
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The Heart Hospital

Medicd centers that deal with criticd ill nesses are the most significant settings for
exploring the achitedure of enabling and therapeutic techndogy, and hencethe para-
dox, because they demand and dHliver the most advanced medicd care for life-saving
efforts on the sickest patients who have longer hospital stays yet are still aware of
their surroundngs. A heat hospital is a good example of a aiticd care fadlity be-
cause patients who neel cadiac cae services typicdly have poor health and suffer
from life-thregening ill nesses. In 2004 and for a number of yeas prior, the leading
cause of deah were from heat related dseases (Mokdad, et.a., pg. 1238). People
who have cadiac related problems usually feel well a few days prior to a sudden
event that forces them into the hospital for treatment, whether it is a heat attack,
shortnessof breath or painsin the upper body. These patients go from normal lives,
in total control, to having to rely on sustained medicd intervention in order to stay
alive and feding little or no control. Contrast this patient popuation to thase who
eled to urdergo surgery, such as orthopedic patients or other surgicd patients who

have alvanced ndice of impending medicd treament. Cardiac patients are often
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caught by surprise and can be anongst the most vulnerable mentally and emotionally.

Because of the popdation, the nature of the ill nesses and the type of interventions
necessary for repair and treament, heart hospitals are anong the most techndogicaly
sophisticaed with respect to medicd equipment and medicd pradices. Heat hospi-
tals are acute are settings in that they have awide range of patients who are & differ-
ent stages of reamvery and who are receiving or have receved comprehensive are.
These hospitals need to be equipped and prepared to deal with emergencies and
trauma, highly invasive and minimally invasive surgeries, and interventional and non
interventional methods of diagnaostics as well as recvery units where patients are
coming off of anesthesia. Patients can bein critical care units, telemetry units, where
monitoring is continuaus, or regular aaute cae units where they are neaing dis
charge. Thereis asignificant rehabilit ation component for these patients where they
need to gain strength and relearn how to function namally. This cross ®dion o

peopleis generally in danger of lossof life.
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Other settings that would be gplicable to this thesis are academic medicd centers,
cancer centers, emergency centers or even comprehensive acute care hospitals that
offer emergency, surgery, recovery and critica care services. Some of the larger in-
stitutions, acalemic institutions in particular, are generally on the cutting edge of new
tedhniques and the latest experimenta techndogies. Cancer patients usually have to
go through some of the most daunting medicd procedures and treaments, whether
they are surgeries, linear aacelerator techndogy or gamma knife treaments. Emer-
gency centers always need to exped the unexpected, whether there ae shooting vic-
tims, motor vehicle acadents, falls, or other type trauma. These patients are usually
the least able to cope with the stressof the situation. A heat hospital was seleded as

it all owed the greaest architedural focus onthe thesis topic.



Figure 114. Verticdly Decentralized Hospital.

Figure 115 Horizontally Decentralized Hospi-

tal.
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Site Seledion Criteria

The relationship of the tertiary or criticad care faality to the surroundng context
shoud also be taken into consideration. A major resson for seledion d asiteis typi-
cdly based on demographics and the clinicd need for a service, however, given mul-
tiple potential locations within a cetain service area there are alditional criteria that
were used to evaluate speafic site viabili ty for thisthesis. The sitewill also influence
the general arrangement and form in which the building takes. For example, a decen-
tralized haospital, as depicted in Figures 114 and 115,can take avertica or horizontal
form. A site with height restrictions could mean a horizontal arrangement while a

small er urban site may dictate averticd solution.

In general, heart hospitals $houd be dose to high-speed roads, either freeways or ma-
jor arteries conrected to freeways with alot of visibility. The type of population that
will nead this care culd be delivered in an emergency and will have alimited amourt
of time before medicd staff can stabili ze them. Access to sophisticated diagnostic

and treament techndogies will be aiticd, so onceto the site, the aility to expedite



106

patients to treament areas will be necessary. Multiple accespoints will be essentia
to separate traffic flow for criticd and nd so criticd patients. Also, it was discussed
ealier that it isimportant for decentralized hospitals to be part of a network or have
transfer agreements with ather fadliti esin the aea. Thiswill allow patients to oltain
the best and most appropriate medicd cae, including the equipment, pradices and

environment that serve that popuation.

It is not particularly challenging to develop sites that are large, flat and open. Al-
though, these sites would be adequete, the patential verticad arrangement for the de-
centralized haospital will alow development on small parcds, with olbstructions or
awkward geometry or difficult sloping terrains. A site with rather negative dtributes
for other hospitals can be used in a paositive manner for this type of hospital. A chal-
lenging site dso enables the study of various building techndogies to overcome site
handicaps, such as foundation and structural systems, conwveying systems or elevators.

After development of the initial building on a small site, future design will rely on
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these techndogies to allow a flexible building, since horizontal expansions will be

lessfeasible. Smaller siteswill forcethe use of buildings with asmaller footprint.

Oncethe site is seleded, the next important criteriais building dacement on a site, or
orientation. One of the most important fadors for healing petients is the therapeutic
patential of a site. For example, it would nat be beneficial for a patient unit to be
built on atight site only to have the rooms in that unit face aother building acrossa
tight aley or city road. This orientation dfers no heding value to the inhabitants.
Now, if those patient rooms faced a busy city street, with markets, stores and adivity
there aould be therapeutic value to the anourt of stimulation provided by that setting,
so longas the stimulation wasn't too excessve, loud o disturbing. But, studies have
shown that views to serene nature scenes have had a pasitive dfed and the activity in

these settings is more constant and controll able in contrast to the busy city stred.

As with most hospitals, demographics, visibility and access will be primary drivers
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for seledion d alocaion. But in contrast to most hospitals, the decentralized verticd
hospital will alow development of smaller more dhal enging sites, increasing the pod
of potential sites. Hospitals are generaly known for occupying massve aeas, some-
times fifty to one hurdred acres of pristine land. This land might otherwise have
therapeutic value to an entire community and be preserved as open space or a dty
park. Even if located in land d this sze and reture, a verticd and compad hospital

foatprint would al ow more open therapeutic space for use of both patients and aher

inhabitants.



Figure 117. Site Adjacecy Analyss
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Site Context

The seleded site was an avail able six-aae parcel of land conveniently located close
to the geographicd center of San Francisco, removed from the central downtown
business district and abou one mile eat of the San Andreas Fault line. There ae
several mgjor arteria roads that provide eay accesshility. Interstate 280 is to the
south, US-1 to the west and Laguna Honda Boulevard, which runs adjacent to the site
that conreds these roads. Laguna Honda Boulevard also conrects two major medical
centers, Laguna Honda Rehabilit ation Hospital to the south and the University of
California— San Francisco Medical Center, a mgor academic institution to the north.
The site is located approximately halfway between these two hospitals. The site dso
happens to be & the southwest base of Mourt Sutro, which is an easily identifiable

mourtain in the aty of San Francisco.

Abou one-haf of the site is occupied by Lagura Hondg, which is essentially a reten-
tion basin along the south and west sides of the site. The other half of the site is

steeply sloped and sparsely planted along the water edge. Just west of the site, aaoss
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Figure 118 Hospita Site Plan.

Figure 119 Photo of Laguna Honda Forest.
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Laguna Honda Boulevard used to be Laguna Honda Forest, which was at one time
lushly planted and has snce been demolished. The demolition cccurred after the
Loma Prieta eathquake in 1989when the houses on top d this deg slope buckled
and collapsed to the bottom of hill and orto Laguna Honda Boulevard. No funds
have been all ocaed to have it replanted and will remain rather desolate and barren in-
definitely. The site is marked with trail s for walking which conned two neighbor-
hoods in the northeast and southwest. Seismicadly, the silty and sandy soil condtions
in this area ae a concern for design and construction, as well as the proximal location
to the San Andreas Fault line. Design onthis ste will require acombination of deeg
founditions, shea walls, cross braang, base isolators and aher types of shock ab-
sorbing structural provisions that can potentially influence hospital framework, layout

and aesthetic.

The benefit to the site is the therapeutic potential of the landscgpe to the north and

northeast. Despite rising from a rather barren and urremarkable retention besin, the



111

land high onthe northeastern slope can be quite bucolic. The most difficult handicgp
however is the slope of thirty-five percent which makes the site difficult to manage,
design aroundand provide accessto the building. The key point to bulding onsuch a
siteisto doit withou destroying the qualiti es that make it therapeutic and therefore
appropriate for criticdly ill patients. With the older, more sprawling model of the
hospitals this would be dalenging, bu the patential for a verticd hospital would

make this ste gpropriate.

BUILDING
LOCATION

Figure 120. Panoramic Photo of Site.
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Program Description

The heat hospital will be a @mprehensive and aaute cae facility that houses the
most intensive medica services and contains sme of the most sophisticaed medical
equipment. It will provide inpatient and oupatient medicd services such as surgery
and recovery, interventiona diagnostic radiology and interventional therapies, emer-
gency and trauma services as well as nursing units and criticd care medicine. There
are dso the central support functions of the haspital such as laboratories, respiratory
therapy, biomedicd services, central sterili zation and materials handling and process-
ing. These settings are most applicable to the adivation d the hedth care — technd-
ogy paradox. However, these shoud na be the only criteriain defining the program.
A fadlity that focuses only on the intense treatments asociated with this type of care

would na serve the emotional and psychdogicd neels of the occupants.

If only intense dinica services were provided for, then this type of program would
deprive patients who are staying for an extended period of time of different settings

that are needed for stimulation and dversity. Thereis also need for patients to social-
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ize with ather hospital patients, as part of suppat groups, as well as family members
and the aministration d the hospital. There is also nead to be educated by having
resources sich as medical libraries and clinics for the patients as well as their fami-
lies. Patients will have to begin physicd and accupationa rehabilit ation at the haspi-
tal to relean their basic life skills. There shoud be settings where patients can be ac-
tive, whether it is on the nursing unit or in aher more wngegative aeas. Exterior
spaces may be used for thisaswell. Nutritionis of primary importance as is the phar-

macy and the neead for drug therapies.

Older models of hospital-based care viewed the patient as a sicknessor disease and
not an individual that had physicd, emotional and psychological needs. The &-
proach was merely mechanicd in that if the medicd practitioners could fix the al-
ment in the body then the patient would be fine. What was not reali zed was that the
treaments, clinical care and the suppative medical equipment were aippling patients

by nat allowing them control over their own medicd situation. Diversification d the
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program components can form the building Hocks for a therapeutic medicd setting.
Diversificaion with resped to the program of a heat hospital means there shoud be
more to petient care than just interventional medicine, emergency, surgical and inpa-
tient operations. There shoud be preventative medicine such as primary clinics for
those patients that are predisposed to cardiovascular ill nesswho reed encouragement
to be proadive in their own hedth care. There shoud aso be a educaion compo-
nent, or medicd library, that provides aress where families and patients can lean
abou illnesses and procedures. Like education, an important part of a heart hospital
is the nutritional care and rehabilit ative medicine that can help patients sustain a

hedthy lifestyle.



e e rE T g s )
iEAEA AT A R ITTTIT

OUTPATIENT HOSPITAL

Figure 121 Programmatic Stacking Diagram
(colors represent decentrali zed services pro-
vided within ead floor. Example: yellow
could be respiratory therapy whichis glit up
and locaed in eat hospital instead of located
all within asinglefloor asin a centralized de-
partment).

Program Summary

Area
Designation

Public Services

Main Entrance

Kitchen/ Café

Educaion Services

Family Services
Business& Administration
Medicd Rewrds

Public Services Subtotd

Diagnostic and Tednology Services
Outpatient Services/ Pre-Admit Testing
Congestive Heat Failure Clinic
Pharmacy

Non-Interventional Radiology

Outpatient Services Subtotal

Interventional Radiology
Interventional Radiology Staff Suppat

Interventional Radiology Subtotal

Total
NSF

2,855
2,950
4,000
4,660
2,990
1,430

2,250
1,330
870

5,785

5,510
1,980

Conversion
Faaor

1.25
1.25
1.25
1.35
1.30
1.25

1.50
1.45
1.50
1.50

1.60
1.50

115

Total
GSF

3,569
3,688
5,000
6,291
3,887
1,788

24,223

3,375
1,929
1,305
8,678

15,287

8,816
2,970

11,786
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Area Totd Conversion Totd

Designation NSF Facor GSF
Surgery 5,640 1.60 9,024
Surgery Staff Suppat 1,980 1.50 2,970
Surgery Subtotal 11,994
Emergency 2,420 1.50 3,630
Laboratory / Genetics 870 1.50 1,305
Respiratory Therapy 600 140 840
Subtotal 5,775

| npatient Services
Inpatient Area (60 rooms) 30,120 1.50 45,180

Inpatient Services Subtotal 45,180

Building Services
Buil ding Services and Engineering 6,330 1.15 7,280
Central Sterili zation 4,500 1.40 6,300

Building Services Subtotal 13,580
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Area Totd Conversion Totd
Designation NSF Facor GSF
Total Departmental Gross Square Footage 127,825
Buil ding Grossng Factor 1200
Total Building Square Footage 153,390
Exterior Space +10,000

Parking (96,394/ 2,400= 41 & 31,431/ 300= 105) 146



Detail ed Space List

Space/ Function

Main Entrance
Entrance

Reception/ Concierge
Admitting Work Area
Main Waiting (35 seas)
Toilet, Public
Telephore Alcove
Whedchair Storage
Housekeguing Closet
Gift Shop

Subtotal

Kitchen / Café
Kitchen/ Prep
Service Area
Serving Line

Café Seaing Area(Public-50 seas)

Subtotal

Number of
Rooms

1,000
200
150
525
275
40

60
100
300

1,500
200
250
1,000

Square Fed
Per Room

RPRRPRPNRRRR
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Required
Net S.F.

1,000
180
150
525
500
40
60
100
300

2,855

1,500
200
250
1,000

2,950
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Space/ Function Number of Square Fed Required
Rooms Per Room Net S.F.

Education Services

Reception/ Chedk-out 300 1 300
Large Clasgoom 800 1 800
Storage, AV 140 1 140
Conference 200 2 400
Resource Room / Medical Library 1,800 1 1,800
Audio/ Visua Room 120 2 240
Reading Room / Cubicles 80 4 320
Subtotal 4,000
Outpatient Services/ Pre-Admit Testing

Pre-Admit Consultation 100 2 200
Toil et 55 2 110
Sub-Waiting Area(10 seats) 150 1 150
Changing Room 50 3 150
Echd/EKG Exam Room 120 2 240
UltrasoundDopgder 140 1 140
Treamill Room 140 2 280
Staff Faciliti es 600 1 600
Staff Toilet & Shower 140 1 140
Conference Room 240 1 240

Subtotal 2,250



Space/ Function

Congestive Heart Failure Clinic
Exam Room

Nurse Work-area

Conference/ Clasgoom / Kitchen

Subtotal

Phar macy
Pharmacy
Pharmacy Sales
HoodRoom
Pharmacy Storage
Office

Subtotal

Number of
Rooms

120
350
500

350
100
160
140
120

Square Fed
Per Room

PR A

e N
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Required
Net S.F.

480
350
500

1,330

350
100
160
140
120

870



Space/ Function

Non-Interventional Radiology
Dept. Control / Work Area
Dark Room

Film Processng

Digital Closet

Active Film / File Holding
Reading Room

Mobhil e X-Ray Storage

Office

Toil et

Nuclear Medicine

Hot Lab

CT Heat Scan Exam Room

CT Computer Equipment Room
CT Control Room
Radiofluoroscope Exam Room
MRI Exam Room

MRI Computer Equipment Room
MRI Control Room

MRI / CT Injection Holding Room
Inpatient Stretcher Holding
Staff Faciliti es

Staff Toilet & Shower
Conference

Subtotal

Number of
Rooms

250
120
120
60
240
200
60
120
55
160
120
400
220
150
350
425
300
150
80
80
1,200
440
240

Square Fed
Per Room

RPRRPNRRPRRPRPRPRPRPRPRPRPARRRREPRERRRR
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Required
Net S.F.

250
120
120
60
240
200
60
120
220
160
120
400
220
150
350
425
300
150
80
160
1200
440
240

5,785



Space/ Function

Interventional Radiology
Cardiac Catheterization Lab
C.C. Control Room

C.C. Equipment Room
C.C. Film / FileHold
Visitor Gown Closet

C.C. Equipment Storage
C.C. Work Core

C.C. Family Waiting (20 Seas)
Electro-physiology Lab
E.P. Core and Supdies
Soiled Utili ty

Clean Utility

Housekeeging Closet

Subtotal

Number of
Rooms

600
200
100
120
40

280
750
300
600
400
140
140
40

Square Fed
Per Room

RPRRPRPRPRPRPRPRPPOOW
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Required
Net S.F.

1,800
600
300
120
40
280
750
300
600
400
140
140
40

5,510



123

Space/ Function Number of Square Fed Required
Rooms Per Room Net S.F.

Interventional Radiology Staff Support

Office (Director of Cath Lab) 120 1 120
Office (Medical Director) 120 1 120
Staff Locker / Toil et 300 2 600
Staff Lounge 200 1 200
Gown Storage 40 2 80

Physician Viewing / Dictation 200 2 400
Digital Closet 30 2 60

Consultation 100 2 200
Conference Room 200 1 200

Subtotal 1,980



Space/ Function

Surgery

Operating Room

Sub-Sterile Room

Set-Up Room

Nurse Control

Patient Prep / Hold

Clinicd Instrument Department
Anesthesia Work Room / Storage
OR Equipment Storage

Pump Storage
Decwntamination

Sterile Wrap

Sterile Storage

Soiled Utili ty

Clean Utility

Housekeeging Closet

Subtotal

Number of
Rooms

600
80

100
150
80

100
140
350
120
120
140
600
140
140
40

Square Fed
Per Room

RPRRPRRPRPRRPRRPRPRPRRPORDMADNDN
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Required
Net S.F.

2,400
320
400
150
480
100
140
350
120
120
140
600
140
140
40

5,640



Space/ Function

Surgery Staff Support
Office (Director of Surgery)
Office (Medical Director)
Staff Locker / Toil et

Staff Lounge

Gown Storage

Physician Viewing / Dictation
Digital Closet

Consultation

Conference Room

Subtotal

Number of
Rooms

120
120
300
200
40

200
30

100
200

Square Fed
Per Room

P NMNNNNMNENPREPRP
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Required
Net S.F.

120
120
600
200
80

400
60

200
200

1,980



Space/ Function

Emergency

Walk-In Entry
Waiting (12 Seds)
Toil et

Reception/ Admitting
Consulting Office/ Triage
Nurse Control Station
Soiled Utili ty

Clean Utili ty
Equipment Storage
Trauma Room
Observation Room
Staff Lounge

Staff Toilet
Housekeguing Closet

Subtotal

Number of
Rooms

75

180
55

150
100
150
120
120
180
340
140
180
55

40

Square Fed
Per Room

PRPRNONNRRPRRPRPRPRERNRR
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Required
Net S.F.

75
180
110
150
100
190
120
120
180
680
280
180
55
40

2,420



Space/ Function

Laboratory / Genetics
Lab Area

Blood Storage

Lab Recaving

Lab Storage

Office

Toil et

BloodAnaysis Lab

Subtotal

Respiratory Therapy
RT Work Area

RT Equipment Room
RT Wash/ Assmble

Subtotal

Number of
Rooms

350
100
65

100
100
55

100

120
300
180

Square Fed
Per Room

PRRRRRR

el

Required
Net S.F.

350
100
65

100
100
55

100

870

120
300
180

600

127
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Space/ Function Number of Square Fed Required
Rooms Per Room Net S.F.

Inpatient Area

Universal Patient Room (one bed w/ toilet) 350 60 21,000
Nurse Control Station 120 8 960
Crash Cart Alcove 15 8 120
Medicaion Room 60 8 480
Nourishment Room 80 4 320
Dictation/ Reading Room 120 8 960
Stretcher Storage Alcove 70 4 280
Clean Workroom 150 4 600
Equipment Storage 200 4 800
Soiled Utili ty 150 4 600
Toil et, Staff 60 8 480
Staff Faciliti es Room 400 4 1,600
Physician Office 200 4 800
Janitor Closet 80 4 320
Conference Room 200 4 800

Subtotal 30,120



Space/ Function

Family Services

Family Waiting Room
Toilet, Public (WC & Lav)
Consultation Room
Telephore Alcove, Public
Meditation Room

Chapel

Kitchen

Subtotal

Business& Administration
Receotion/ Waiting (8 seats)
Office (Administration)
Office (Business

Toil et

Break Room

Copy / Mail Room
Conference Room

Storage Room
Housekeeging Closet

Pay Station

Open Work Area

Subtotal

Number of
Rooms

500
60

100
10

120
300
240

250
150
120
55

120
300
250
180
100
120
400

Square Fed
Per Room

APPSO DS
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Required
Net S.F.

2,000
480
400
40
480
300
960

4,660

250
900
360
110
120
200
250
180
100
120
400

2,990
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Space/ Function Number of Square Fed Required
Rooms Per Room Net S.F.

Medical Rewords

Office 120 1 120
Receaving/ Viewing 120 1 120
Open Work Area 240 1 240
File Storage 200 1 200
Film Storage 500 1 500
Digital Closet 100 1 100
Copy Room 150 1 150
Subtotal 1,430
Building Services & Engineering

General Storage 1,500 1 1,500
Housekegping (Main) 200 1 200
Housekeguing Office 120 1 120
EmployeelL ocker Room 300 2 600
Waste / Trash / Recycling Hold 480 1 480
Eledric Room (Main) 180 1 180
Chill er / Boiler Room 2,500 1 2,500
Plans/ Copy Room 160 1 160
Shop 350 1 350
Computer Room (Mainframe) 240 1 240

Subtotal 6,330
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Space/ Function Number of Square Fed Required
Rooms Per Room Net S.F.

Central Sterili zation, Processng and Supply

Soil ed Recaving 540 1 540
Dewntamination Area 300 1 300
Preparation and Packaging Area 800 1 800
Sterili zation Area 1,200 1 1,200
Storage and Equipment Holding 1,000 1 1,000
Equipment Processng Area 660 1 660

Subtotal 4,500
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Figure 123 Size mmparison between central-
ized and decentrali zed hospital program.

DECENTRALIZED
PROGRAM
ELEMENTS

(ASPROPOSED)

PROPOSAL

The design o heart hospitals, places where some of the sickest patients and most ad-
vanced medical cae can be found, shoud acommodate and employ techndogy in
ways that are both therapeutic and enabling. The heat hospital is prone to being dis-
orienting, inflexible and confining and thus taking away comfort and control from the
patient. The propasal for this heat hospital isdesigned to utili ze the advantages aso-
ciated with information techndogy and decentrali zation. The design was explored on
four levels of detail including the hospital in its context, the programmatic organiza-
tion d the hospital, overall hospita structure and massng as well as a detailed design

of theindividual patient room.

First, a decentralized design solution cdls for a horizontal or verticdly stratified
scheme. Since there were a number of strategicdly beneficia locaions, an uncon-
ventional site was sleded with dfficult physical constraints and topdogicd handi-
cgos which dctated a verticdly stratified hospital model. The oppatunity was to

take a challenging site and design a hospital with therapeutic vaue from the very few
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Figure 125 Regular and orderly framework.
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notable inherent site qualities.

The secondlevel of design explores how the decentralized heat hospital takes advan-
tage of smaller and thinner building floor plates. Through decentralization, there is
the adility to programmaticdly creae ahaospital within a hospital. Traditionally, hos-
pitals that have centralized departments are thicker and have amore widespreal mass
espedally with respect to diagnostic and techndogy areas. This propasal will explore
the aility to create athinner and less massve floor plate by splitting up centralized
departments and spreading them throughou ead of three centers of excdlencewithin
the heart hospital. The three cadiac cae service lines of focus are a Outpatient

Hospital, Surgicad Hospital and Cardiac Catheterization Hospital.

The third level of the proposed design examines the overall haspital structure and
massng. The heart hospital is designed with an orderly, regular and predictable

framework that enables smple, clea and dred paths while dso retaining flexibility
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Figure 127. Detail of Patient Apparatus.
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to acoommodate techndogical change and gowth of medicd equipment and medical
pradices. There ae threezones within this hospital; the diagnostic and techndogy
(D&T) zone, nursing or inpatient zone and administrative suppat zone. The zone
with the greaest amourt of susceptibility to technologicd change is the D&T zone
andis therefore designed with the most flexibility. The inpatient zone is strategicdly
placel to take advantage of views of the northeast slope of the site which is an area

with the most therapeutic value.

Lastly, this heat hospital employs smple mecdhanisms within the patient room that
enable antrol over devices which can ater and improve physicd aspects of the envi-
ronment in which the patient spends the most time. The focus of this techndogica
implementation is within the universal private patient room. The design centers
aroundan “L” shaped partition cdled the Patient Apparatus which includes a nurse
work station, medicd gases and equipment. It moves within the patient room and tai-

lors the environment to med patient’s physica and psychological needs.



Figure 128 Context & Contour Model of Site.
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Figure 129 Hospital Site Plan.
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Decentralized Hospital and Unconventional Sites

As discus=d in the previous chapter, the locaion d this steis primarily strategic. It
is centrally located within the San Francisco Peninsula and provides access from sev-
eral mgjor arterial roads to apotentialy diverse demographic base. Thelandisarela
tively small parcd that is currently open which, in this otherwise desirable part of San
Francisco, can be dtributed primarily because of the stegp slope, small areafor buil d-
ing and configuration d the site. As shown in Figure 128and 129 the site & the base
of Mourt Sutro has difficult and sloping terrain that fals to a pit of water that pro-
vides gorm water retention for the aea. The primary accessroad encompasses this
retention area on the west and south sides leaving only a small, curvilinear sloping
parcel of land on which to buld. Withou severely disrupting the existing physica

compasure of the site, thereis very littl e avail able land.

A horizontal building layout or arrangement, which could be &tained on larger and
flatter land, is not feasible on such a physicdly dynamic site. A horizontal arrange-

ment consumes much more land espedally for larger programs because the compo-
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Figure 130. Site Sedion showing sloping land
and accessfrom parking levels below hospital.
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nents would be spreal throughou the site. A verticd building arrangement reduces
the anourt of horizontal circulation and connedivity, which is advantageous for a
stethat slopes sverely. Also, parking, accessand widespread site drculation can be
difficult to acommodate on a difficult and steep site withou a tremendous amourt of
cutting, filli ng and sculpting of the land. A more gpropriate design solution would

be to compad the parking by stacking in a structure.

Based on what land is left over on this ste, the most appropriate gplicaion and
structural layout for this particular heart hospital is a verticdly stratified arrangement.
Figure 130 represents a verticdly stratified hospital arrangement lifts the building
comporents off of the delicate site, minimizes intrusion onthe land as well as pre-
serves ome of the natural landscagpe of the northeastern slope. This natural landscape
which contains old growth trees and native plant spedes also off ers therapeutic poten-
tial to the inhabitants of the hospital. This vertical arrangement aso all ows preserva-

tion d the eisting retention besin, site drainage and water flow. A parking structure
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and central plant is tucked underneah the primary comporents of the buil ding, mini-
mizing site development, paving and aher intrusions on the natural landscape. Also,
parking, drop-off and circulation to the building is smplified as these spaces are
linked to the upper portions of the hospital by various elevators placed through the

infrastructure.



Figure 131 ThreeMain Hospital ServiceLines

or Centers of Excdlence.

Figure 132 Components of hospital.
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Decentrali zed Hospital and Small er Buil ding Footprints

This propaosal utilizes the advantages associated with decentralization due to wide-
spread use of information tedindogy employed throughou the hospital. Program-
maticdly, the departments that compase adecentralized hospital are divided up and
scatered to serve adistinct spedalty service line. For this propaosa, there ae three
main service lines or centers of excdlence which include outpatient clinics, surgical
suites and cardiac catheterization laboratories (Figure 131). Ead service line focuses
on a spedfic diagnaosis or treatment of an ill ness as well as gedfic patient popua
tion. This focus allows the cadiac cae hospital services to be separated into “mini
hospitals” or “hospitals within a hospital.” As down in Figure 132, each haospita
floor has threemain programmatic comporents which include adiagnostic and tech-
nology zone, an inpatient or nursing zone & well as a puldic and administrative zone.
Subdviding the zones is a central utility, elevator and service spine that serves all

comporents on each floor.

As discussed previoudly, the site warrants vertical stratificaion d the three hospitals
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within a hospital. Verticd stratificaion alows a cmpad building form that relies
predominantly on up and down circulation through the building. A significant advan-
tage to this is the user having to rely on elevators to guide them along a portion of
their route, thus smplifying the experience When the patient or visitor arrives, the
majority of their visit will be located on asingle floor in ore of the threedistinct spe-
cialty hospitals. A clinical advantage is that the patient can have amagjority, if not al,
of their care performed on ore floor, thus minimizing their movement throughou the
hospital. For patients and visitors, this movement begins at the drop-off or one of the
parking levels beneah the building. From here, circulation is direded to a lobby
where devators conned to the waiting room at any of the upper level speaalty ser-
vices (refer to Figure 133). Staff movement is similar, except conrection to upper
floorsis provided from service core devators separate from the puldic. In addition, a
trauma devator has been provided for emergency cases that also has a separate en-
trance and conrection at al upper floors. Also as siown in Figure 134, clea way-

finding for the patient and vsitor is also provided by straight and dred horizontal
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movement from the waiting room to the patient wing or diagnostic and techndogy

block.

In this vertically stratified model shown in Figure 135, the specialty service that is
lowest to the groundlevel drop-off and parking dedks is the Outpatient Hospital on
the 6th and 7h floors (Figure 136), which typically has the greatest degree of turn-
over throughou the day from a patient perspedive. Procedures in this hospital may
last as littl e as thirty to sixty minutes. Therefore the placement closest to the parking
area minimizes travel time on the elevator and limits outpatients interading with in-
patients. The floors abowve the Outpatient Hospital are the Surgicd Hospital on the
8th and &h floors (Figure 137) and the Cardiac Catheterization Laboratory which oc-
cupies the highest levels of the building, the 10th and 11h floors (Figure 138).
Travel time on the trauma devator influenced the stadking of these services as these
type of elevators are typically slower than passenger or patient type elevators.

Trauma caes, which are often admitted to an emergency room, can be transported di-



Figure 139 Two-story D & T Zone.
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redly to surgery or a catheterization lab after stabili zation. In greder emergencies,
patients will be taken dredly to surgery, where invasive open-heart procedures may

be performed. In these casesit is best to minimizetravel time

Eadh haospital within a hospital or center of excdlence occupies two stories with a
double-height diagnostic and techndogy floor on ore side that corresponds to two
floors of patient beds on the other (Figure 139). These segregated centers of excd-
lence help minimize the spatia experience that patients, visitors and staff have within
the entire hospital. It also provides for better care by staff because the compad floor
plate minimizes any criticd time-motion adjacencies. For example, patients that are
in asurgicd patient room can be shuttled badk to an operating room quickly. Also,
patients in the cdheterization lab can be sent to the surgicd floor below in case of an
emergency. The routes are cmpact and dred as the stadking minimizes horizonta
walking movement and verticd movement in elevators help compensate for the re-

mainder of the distance between services and floors. For this propaosal, information
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tedindogy and decentralization d the hospital has allowed a smaller building foot-
print that minimizes travel times, affords clearer wayfinding and maximizes clinicd

efficiency and care of patients.
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Figure 141 Parkingand Upper Lobby: 2nd
through 5th Floors.
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Orderly and Flexible Building Frameworks

Within ead hospital, a simplified bulding framework further subdvides into compo-
nents that organize traffic to provide clear and concise wayfinding routes. A vertica
spine, shown in Figure 140, is the main organizing element of the framework for the
hospital. It consists of conduts for the building medhanical services, exit stairs, verti-
cd transport and trauma devator. On ore side of the floor plate is the double-height
diagnostic end techndogy (D& T) zone and the other side is the nursing units. The
third comporent, the administrative and pulblic wing of the hospita, is difted adja-
cent to the other two zones. The verticd stratification d the hospital and its division
into zones smplifies the user experience so that spatial comprehension may be en-

hanced thereby providing more cmfort and control through better wayfinding.

The experience for the user begins from the entrance @ncourse and moves to a set of
elevator banks locaed within the puldic zone of the haospital. This can occur on the
groundfloor drop-off or through ore of four parking dedks that have adired entry

into the multi-story height lobby (Figure 141). All verticd transportation for visitors
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takes placewithin this part of the vertica circulation spine, where they can quickly
and easily make their way to the upper floors. As shown in Figure 142,the user exits
the devator from the spine onto ore of the upper floors and enters the department in a
sedion d the pulic wing that also contains waiting areas and resource center, bah
locaed onthe patient zone side of the spine. On the oppasite side ae the alministra-

tive suppat areas adjacent to the D& T zone.

On ore side of the spine, the D& T zone has an open and flexible floor plate that can
acommodate dhanges resulting from innovation in medicd equipment and pradices.
Figure 143 shows that the floors can be added upward and expand ouward infilli ng
the aea near the spine as well as behind the translucent exterior wall system, which
ads as a @nstant shroud to the dhanges that occur. The shroud wall is the front fa-
cade of the haspital, which gives closure and finish to the work in progress in the di-
agnostic and techndogy zone (Figure 144). The interior of this zone is kept column

free to avoid olstructions that would inhibit change. On the other side of this facale



Figure 144. Front Elevation: D& T Zone Eleva-
tion showing shroud wall and exterior columns.
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is a scafold-type system that will receve the alditiona flooring and exterior wall
that can vary in opadty in arder to let the natural diffused light into the spaces be-
yond. In sedion, each doubbe-height D& T floor incorporates an interstitial space

abowe that helps fadlit ate and accommodate rapid change (refer to Figure 135).

On the other side of the spineisthe nursing unit. The placement of the hospital is pri-
marily driven by this comporent. Figure 145 shows that ead floor of the nursing
unit isfadng diredly into the most therapeutic portion d the site, which isanaturaly
landscgped and terraced garden. This view of the hill will enable an intimate view of
nature for the occupants in the patient rooms. Since the hill i s on the hospital prop-
erty it lesslikely to change over time a oppased to a view of alandscape on ancther

property.

From the entrance to the floor, visitors are taken down the semi-pullic corridor that is

adjacent to the verticd circulation spine (Figure 146). Alongthis corridor are portals
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that conrect it with the paralel, bu more private, patient service crridor. A visitor's
experience of what could be arather disturbing I.C.U. scene is minimized to a omuge

of roomsinsteal o the entire wing.

The organization d the buil ding into three main blocks, the D& T zone, inpatient zone
and administrative and suppat zone, enables smplified organization d the building
mass which helps fadlitate expansion, accommodates techndogy and provides for
clea wayfinding. The structural frame of the ever-changing D& T technology block
is column-free and incorporates a scaff old-li ke system that can quickly accommodate
additions and renovations. Likewise, the doulde-height D&T floor plate has a inter-
stitial spacethat allows expedient ateration d medanical and aher techndogica
systems. These systems are ®mnneded to a cantral service spine that acts as a condut
for this dructure as well as future floors that may be added above. Finally, the most
stable portion d the building - the nursingwing - is sted toward the terraced garden,

maximizing patient and family exposure to the most therapeutic portion d the site.
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The Renfigurable Patient Room

EQUIPMENT ! The patient units allow for re-configurabili ty and flexibility by way of a “patient ap-

& ,/ | g p g y y by way p ap

ELTBCTQRAL KO s Liqup  Paratus’ located within ead petient room that, through the curse of medicd care, is
A Y CRYSTAL

Y PANEL " able to medhanicaly change or alter the evironment under the crtrol of the patient

(Figure 147). The“L” shaped Patient Apparatus is able to slide badk and forth, pvot

\ ¥ open and closed, o close off space for added privacy with the ad of liquid crystal

PATIENT ——

S o glasspanels. Nursing pradices are accommodated through aworkstation provided on

\éVTaF;TON the oppasite side of the outside led of the gparatus. Ancther advantage to the gpa-
ratusisthat the medical equipment, such as ventil ator and monitor, can move with the

PRIVACY —

SCREEN

. patient as they adapt to their environment.
Figure 147. Patient Apparatus Axonometric.

A

P
‘MEDICAL
QUIPMENT

m

There are primarily four stages of hedth in which I.C.U. patients can be dassfied

and which the Patient Apparatus can be reconfigured to accommodate according to
WORK

SN the nedals of the patient (see Figures 149 through 152). In the beginning stages, the

patient who is unaware of their surroundngs is kept out on the corridor for one-to-

one, twenty-four hou personal monitoring. This works because the patient, although
Figure 148 Perspedive of Stage 1 Revery.



stoge 1 (recovery - cvicu)
-post procedure

-critical condition

-24 hr nurse monitoring

-least aware

Apparatus is moved to
patient service corridor
making room for ex-
tended family stay in
the compartment be-
yond. Patient privacy is
provided by screens
that can slide open and
closed as needed by
staff.

Figure 149 Stage 1 Apparatus Position.

sfcge 2 (med-surg)

-begin recovery

-serious and unstable condition

-24 hr nurse and electronic monitoring
-gaining awareness

Apparatus can be )
moved or rotated by the
patient or staff off of

patient service corridor : L
as direct observation is =l
less critical. Observa- |

tion of patient can still
take place through work-
station. Family can also r—, D

stay with the patient.

Figure 150 Stage 2 Apparatus Position.

stoge 3 (telemetry)
-begin rehabilitation

-good and stable condition
-24 hr electronic monitoring
-mostly aware

149

Apparatus can be L&

moved, rotated or piv-
oted. Patient can
choose to be near win-
dow or corridor. Privacy
is afforded but room can

also open up for larger H—

groups or social ar-

rangement. [—1
: L |

Figure 151 Stage 3 Apparatus Position.

stage 4

-near discharge

-stable condifion

-no monitoring necessary
-fully aware

JI;

pletely close off or open
up room. Patient can
choose to be near win-
dow or corridor. Fami-
lies do not stay much as

P e —
Apparatus can com- '1: ‘ﬂ%

patient is recovering, — 0
rehabilitating and is able

to use most of the room 4]’_|
at this point.

Figure 152 Stage 4 Apparatus Position.

L]



—Wide Window == =
Lovered Window |

Figure 154 Perspedive of patient room with
landscgped terracebeyond.

150

exposed to the nursing corridor, is not aware of it, and a doude @rridor system has
been designed within the infrastructure to minimize semi-public traffic through the
ICU and past ill patients. Throughou their stay, the patient regains consciousness

through stages two and three and eventually to stage four.

Patients also regain control of themselves and the abili ty to control their environment,
and therefore the Patient Apparatus can be moved. The movable gparatus adjusts to
also help optimize comfort for the patient as their hedth status, mohility and reeds
change. Comfort can be provided by alowing variable bed proximity to the exterior
windowv wall. This window wall can open at the top to allow natural air to circulate
through a heated penum abowve the room and then badk into the buil ding nea the ser-
vice orridor. A portion d this window can also swing wide open with unobstructed
views to the terraced landscgpe garden at the rea of the hospital. If privagy isdesired
from this exterior wall, a set of glass louvers with atranslucent perforated pettern can

be lowered o raised and pvoted upand dovn (Figures 153and 154. The stages one
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through four vignettes in Figures 149 through 152 show the diff erence between the
transformations of the patient rooms. Patients go from being highly visible to the cor-
ridor for high aauity care, to forming aroom to be with families and visitors, to being

within the room with family until discharge.

Eacdh Patient Apparatus in the nursing wing is atechndogical instrument that enables
the patient to control their room environment and maximize personal comfort. It al-
lows the individual’s room to be reconfigured to accommodate apatient’s physica
and psychologicd needs. Visua and acousticd privacy and exposure can vary to re-
spondto more social situations with family members, clinicd situations for care by
nursing staff as well as adapt to times of personal solitude. The exterior envelope is
interadive and adjustable to control views to the terraced garden beyond as well as
exposure to nature, natural sunlight and airflow. The fagade can be dosed of or be
fully open so the exterior space can become avisual and therapeutic extension d the

patient room.
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Conclusion

The proposed Heart Hospital for the Laguna Honda sedion d San Francisco ill us-
trates how tedhndogy can enable sophsticaed medicd equipment and advanced
medicd practices to integrate with the most complex medicd settings to help provide
greder comfort and control to ore of the most ill patient popuation. The “hospital
within a hospital” that is enabled by decentralization allows a smaller and thinner
floor plate that simplifies building massng and organization, and provides for better
orientation and spatial comprehension. The haspital framework, which is regular and
predictable, allows hospital techndogy to be danged ou and added to easily over
time while maintaining a dea wayfinding system. Within the nursing unit and indi-
vidual patient room, controls are provided that allow the patient to reconfigure and
adjust their surroundngs as they remver so that they may suit their persona psycho-
logicd and physicd needs. This hospital employs tedindogy in ways that are both

therapeutic and enabling.

Most hospitals of today have accommodated techndogy in some way but the influ-
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enceof tecindogy onthe achitedural professon is arguably initsinfancy. Informa-
tion techndogy and the resulting decentralization d hospital suppat services are be-
coming more widespread. Accommodation d eledricd, computer, wireless and I.T.
systems as well as fadlity integrated medicd equipment is dowly effecting how
hedth care buildings are constructed, ganned and organized. Building frameworks
are more regularly being designed as open, flexible aad expandable structures that

can adapt to respondto techndogicd need. However, architectural responses to tedh-

Figure 155 Intelli gent Workplace™ nology in hedth care buildings are for the most part hidden within walls, rooms or

k | . B I
gﬁ T 1= By pisTR] WY
Nl |
9 L. I " L
B &

abowve cali ng spaces and primarily benefit the patient and health care pradices in an

indired way.

It is very rare to see ay aspects of a interadive building system such as that em-
ployed at the Intelli gent Workplaceé™ in a hospital setting nor is it common to seeop-
erable building facades that are frequently being used in commercia buildings such

asthe Debis Tower. Other than the asociated costs of these systems and their impad

Figure 156. Debis Tower.
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on a hospital budget as well as the mlledive impad on owrall escalating costs of
hedth care in general, it would be worthwhile to study how patients in a hospita
would read to the ahility to use techndogicd devices to control their hospital envi-
ronment. American society is acastomed to techndogical devices sich as com-
puters, cell-phores, I-pods, video games as well as other tedindogiesin ou cars and
homes. It is reasonable to assume that these would be just as acceptable in our health

care settings of the future.
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Figure 157. 1:200 Context Model.
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Figure 158. 1:60 Building Model - Front View.
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Figure 160. 1:60 Building Model.
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Figure 161. 1:16 Sectional Model - Top View.

Figure 162. 1:16 Sectional Model - Front View.
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Figure 163. 1:16 Sectional Model - Side View.

Figure 164. 1:16 Sectional Model - Rear View.
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Figure 165. 1:16 Sectional Model - Side View.

Figure 166. 1:16 Sectional Model - Split View.
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Figure 167. 1:16 Sectional Model - Split View.
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Figure 168. Site Plan.
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Figure 169. Building Cross Section.
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Figure 170. Exploded Building Axonometric.
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- = —|— Figure 174. Perspective of Waiting Space
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Figure 173. Rear Elevation.
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Figure 175. Perspective of Nursing Corridor
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Figure 177. Detail Cross-Section of Patient Unit Wing..
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Figure 178. Apparatus Axonometric.
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stoge 1 (recovery - cvicu)
-post procedure

-critical condition

-24 hr nurse monitoring

-least aware

Figure 180. Stage 1 Apparatus Position.

sfcge 2 (med-surg)

-begin recovery

-serious and unstable condition

-24 hr nurse and electronic monitoring
-gaining awareness

Figure 181. Stage 2 Apparatus Position.
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stoge 3 (telemetry)
-begin rehabilitation

-good and stable condition
-24 hr electronic monitoring
-mostly aware

Figure 182. Stage 3 Apparatus Position.

stage 4

-near discharge

-stable condifion

-no monitoring necessary
-fully aware

Figure 183. Stage 4 Apparatus Position.
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