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PREFACE

This is Volume II, Systems Analysis, of a five-volume final report
submitted by the Westinghouse Electrie Corporation to the Department of
Defense for work performed on Contraet Number DAHC15 69 C 0354,

Systems Analysis Study Towards a '"New Generation' of Military Hospitals.
The primary task of this study was to develop alternative hospital

system designs, using current state-of-the-art econecepts, technology, and
management procedures with the objective of designing the most efficient
hospital for construction commeneing in mid-1972. The secondary task

was the definition of system improvements arising from R & D opportunities
available in time for prototype construetion in the 1975-1980 period.

The remaining four volumes eontained in this report are:

VOLUME TITLE
I Executive Summary
m Medical Health Care Review
v State of the Art

<

Data Inventory
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ABSTRACT

This is Volume 2 and presents thc rcsults of a systems analysis

of the Base Lcvel Health Care Systems (BLIICS), in the continental United

States, with the objective of improving thc operating efficicncy of the

individual BLLHC System, while maintaining or improving the quality of

patient care.

¢

The areas of analysis are:

Health Care Planning - The prediction of

health and patient care requirements for

the BLHC System,

Systems Design Concepts - The process of

designing a BLHCS facility concept which
can respond to demands for change and

growth initially and over time,

Operations Analyses - The management of

resources within the facility to provide

health care and patient support, including:

Communications and Data Management
Materiel Handling

Dietary

Clinical Laboratory

Dentistry

Outpatient Department

Ward Management

Education and Training

Pharmacy

Radiology

Systems Application - An application of

the planning, design, and operations
analyses to the design of a BLHC
System at a hypothetical ''Base X'.
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1. SUMMARY AND RECOMMLENDATIONS

The Westinghouse Systems Analysis Study Towards a '"New Generation"
of Military Hospitals (NGMH) has been performed to ident.fy and describe
potential improvements in facilities, resources, and programs of the Base
Level Healtn Care (BLIIC) Systems operated by the Department of Defense
for 10 million eligible military on active duty or retired, their dependents,
and dependents of deceased military personncl.

This study is Phase I of an ongoing development cffort. The

objectives of the Westinghouse Phase 1 effort were:

® to mobhilize health care resources for maximum
effectiveness and cfficiency

e to minimize system life cycle costs, including
operating and capital expenditures

e to enable the S:'stem to respond to changes in technology,

health care trends, and mission or policy.

Phase 11 will implement Phase I concepts and develop other
promising system improvements. Continuing effort through Phase II and
beyond will lead to a New Generation of Military Hospitals,

SCOPE OF THE STUDY

The scope of Phase I of the NGMH study was the performance of systems
analyses toward imnproving the construction, planning, maintenance, and training
efficiency of the individual BLIIC System while maintaining or improving the
quality of patient care. A BLHC System is defined as the facilities and
resources necessary to provide a full range of health care services to the
components of the military community, armed forces personnel, their dependents,
and other authorized categories residing on, adjacent to, or referred to the

system, It will also provide designated health care services and military



command and control responsibilities to health eare facilities beyond its
established boundary, (These are considered external demands upon the
BLIIC System,)
The basic mission of the BLIC System is to:
e Maiintain the physical, mental, and operational fitness of the
assigned population
e DPrevent and controi the incidence of disease and injuries within
the BLIIC System
The scrvices provided by a Base Level Health Care System include:
o General short-term hospital beds with related diagnostic and
therapeutie eapability
L.patient and outpatient elinics
General and preventive dentistry

Dispensary eare

Acrospace and aviation medicine

Preventive medieine

e Mental and social health care
o Veterinary medicine
The external demands that are placed upon the BLHC System can be
defined as:
e The treatment of battle casualties
e The designation as a medical and dental specialty treatment
center
e Area medieal materiel management responsibility
e Arca medical eommand and control responsibility
e Intransit aeromedical evacuation facilities.
Phase I was divided into three basic aetivities:
e Operations analysis
e Improvement analysis

e Results and reeommendations
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The operations analysis described the performance of individual
BLHCS, clements, functions, and sub-systems, It investigated and
documented major functional costs, and it characterized the basic flows
between functions,

The Dol) selected three specific BLHC Systems for Westinghouse to
study in depth and six BLHC Systems for gcneral cxamination. The Systems
were a representative sample of base missions and health care services.

The hospitals sclected for in-depth study werc:

280-Beds  TReaufort Naval lospital, Beaufort, South Carolina
350-Berdls  Malcolm Grow USATF Hospital, Andrews AFB, Maryland
900~-8Beds  Walson Army Hospital, Fort Dix, New Jersey

The hospitals selected for general examination and evaluation were:

175-Beds  USAF Hospital, March Air Force Base, California
250-Beds U,S. Army Hospital, Fort Belvoir, Virginia
400-Beds U.S, Naval Hospital, Jacksonville, Florida
500-Beds U,S. Army Hospital, Fort Bragg, North Carolina
750-Beds U.S. Air Force Hospital, Lackland A¥B, Texas
650-Beds  U.S, Naval Hospital, Oakland, California
The improvements analysis assessed major improvement alternatives
in tertms of technology and its state of development, its impact cn hospital
manag oot and organization, and its impact on BLHC organization and
funct »ns. Other considerations were: additional research and develop-
ment required, the levels of uncertainty associated with possible alternatives,
and policy issues raised by them, The improvement alternatives were
submitted to a systems analysis and appropriately tested and evaluated.
Cost/benefit studies on major improvement alternatives helped develop
specifications and requirements for all recommended improvements.
Recommendations are made, in this Executive Summary and in
appropriate volumes, first for construction of a prototype starting in mid-1972 and

second, for long-term research and development in the 1975-1980 time frame.
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THE WESTINGHOUSE APPROACH

Using a multidisciplinary approach, Westinghouse formed a Consortium
of companies and individual professionals from the research, engineering,
architecture, industry, management sciences, medicine, nursing, hospital
administration, and health law fields, In a sense, only a multidisciplinary
systems approach could be successful, since from the outset it was
apparent that military hospitals are elaborate and complex systems which
blend the "hard" sciences of engineering and construction with the "soft"
sciences of medicine and health care. ‘

The objective of the systems approach was to provide a total
conceptual framework to accommodate both quantitative analysis and
subjective evaluation. Many areas of the systems analysis required the
highest level of judgment and experience from the professional specialists
in the Consortium., The study's success can be directly traced to workable
evaluations of the many qualitative factors that are integral to any health
care system. Wherever possible, Westinghouse has identified in this
report the areas where qualitative factors are important and how these

factors relate to the analysis.

Six major tasks were defined in the Westinghouse proposal.

1. Pre-project Planning -- Westinghouse~-funded effort to

acquaint the Consortium with the military BLEC System
and initiation of the state-of-the-art survey (SOA).

2. Preliminary Data Inventory -- the analysis of the data

pack supplied by DoD.
3. Data Inventory -- detailed data coliection and observation

in nine military BI.HC Systems.

4, Systems Analysis -- identification of alternative improvement

possibilities and the detailed justification and comparison of
these alternatives both individually and in combination.

1-4



5. Systems Design -- development of design plans for the

circa 1972 military BLHC Systems and identification of
R&D programs which will make contributions to the
military BLHC System circa 1975-1980,

6. Presentations and Reports -~ preparation of the findings

of this 12-month study.

TFigure 1-1 graphically describes the process and the interrelationships
of all the studv tasks within the systems analysis framework. As the
model indicates, data gathering activities represented the major
allocation of total study resources.

The initial project tasks, the assembly of a broad range of data
on the present BLHC System, were required for a characterization of the
military BLHC environment as it actually exists rather than as it is
understood to exist. And throughout the study, this data intensive approach
has left the audit trails vital to future productive efforts.

The BLHC System can be characterized as a comprehensive health
care system, While it may have some elements of a specialty or
regional referral system, it always provides a broad array of primary
and short-term acute health care. In this sense it differs from most
civilian community systems with their pattern of local private physicians'
offices, group practices, and multi-specialty clinics which are coupled with
small community and large regional hospital centers.

Compared to a civilian system, the military system is much more
susceptible to change and growth; mission changes which alter the
population mix or cause extreme demands for growth are common and have

been generally unpredictable.
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STUDY CONSTRAINTS
Several constraints were imposed by the Department of Defense on the

conduct of this Phase I study, A Systems Analysis Study Towards a ''New

Generation' of Military Hospitals. These constraints were:

e Alternative systems designs should be developed to serve
military base communities with the DoD specified hospital

capacities of:

Beneficiary Populations Beds Outpatient Visits per Year
40,000 -~ 50,000 250 300,000
60,000 -~ 80,000 500 450,000
80,000 - 100,000 750 650,000

o Studies should be limited to services provided at only the
base level, i.e. primary hospital plus assoeiated health
facilities and dispensaries.

o Regionalization concepts above the base level should not be
inv- ctigated.

o Disaster planning for natural disasters or mass evacuations
should not be included.

e The alternative systems design will not assume relationships
for shared services between the Base Level Health Care System
and contiguous civilian or other non-bDoD related health care
facilities.

e The proposed systems concepts must comply with the appropriate
governmental and non-governmental agencies regulations and policies
pertaining to legal, professional and institutional considerations . . .
such laws and regulations should be identified as constraints
but should not be limiting in the development of proposals

for new and improved operating procedures.



PROBLEM IDENTIFICATION

The fundamental fact which emerged from the study was the uniqueness
of each individual BLHC System. Every System has different demands and
performance req ‘rements, Based upon that understanding, need for
improvement became apparent in three basic areas of the system -- in
planning, facilities design, and operations.

1. In planning, a need for a better method of predicting
the changing demands a BLHC System must satisfy
over its life cycle, Traditional planning methods had
too often led to understated resource requirements and
unmet health care needs. Needed was a tool to forecast
health care requirements at various times in the future,

a tool which would also convert those forecasts into
specifications of the health care resources required.

2, In facilities design, a need for a system design
concept which can respond to health care needs not
only initially, but after significant changes and
substantial growth. Present designs can rarely
absorb rearrangements or modifications in response
to new technology nor can they absorb the sometimes
abrupt, and often large, expansions required by
mission changes. The results have been facilities
used in ways thut were not intended, and costly
modifications and expansions after systems had
reached a point of saturation,

3. In operations, a need for resource management and for
evaluating the array of sub-system or functional improvement
opportunities (such as communications or dietary
systems) which are already operational, or which

are likely to be in the near future. An extension

e



of this need for evaluating sub-system alternatives
was a method or framework for bringing the many
alternatives together in the best combination for

the optimal working of thc system over its life cyclc.

The primary focus was on providing a comprehensive approach for the
overall system and sub-systems, with the knowledge that detailed problems

can only be resolved within a sound overall framework.

SYSTEM ANALYSIS STUDY LIMITATIONS

A conventional systems analysis implics a high dcgree of precision in
defining goals and measuring alternatives. However, even beforc the study began,
certain constraints were identified that inhibit the performance of a classical
systems analysis in the health carc field:

1. Somc areas, for example, mcdical practice, defy prccisc quantita-
tive measurements. Thc evaluation and measurement of ""quality"
of patient care, of necessity, is highly subjective. Although some
data in the area of medical practice was ""hard" or quantifiable,
most was qualitative judgments based on t... highest level of pro-
fessional expertise availablc. compensate for this limitation
wherever it was possible to do so, sensitivity analyses were per-
formed to determine the impact of these¢ qualitative judgments, and
theréby minimize the degree of uncertainty in the formal recommen-
dations.

2. Anotber limitation was the relativcly small sample from which the
present BLHCS statistics were collected. Statistics such as costs
and health care dynamics were used in many activitics within the
study, recognizing that they may not be totally representative of
the entire BLHC System for all services. These numbers werc

used as composites or averages, and a basic assumption of the

1-9



study was that they would have to be further refined wherever they
were applicd to specific systems in future applications.

3. Because the hecalth care field is such a complex system, all of its
clements could not be characterized within the time and budget
constraints of this study.

4, Much of thc data generated has been a synthesis of both military

and civilian data; this may cause some discrepancies, depending

on the degree to which the civilian data does not represent the same

health care dynamics as the military system. I
5. Still another limitation arises from the non-uniform reporting of .

statistics from within the sample primary and secondary BLHC

Systems studies.

BLHCS Characterization

The BLHC System is a comprehensive health care system providing a
broad array of primary and intermediate levels of care to the beneficiary popu-
lation. In this sense it Is markedly different from most civilian systems,
which are typically separate systems of ascending hierarchies of health care
capabilities, functionally interrelated in a fairly flexible and cooperative en-
vironment, but administratively and physically separate. Each level of the
clvilian hierarchies, which range from private physician's offices to regional
and national clinics, possesses a relatively narrow band of health care capa-
bilities which approximates the BLHC System only In large, generally center
city hospitals. Each depends on the level below to act as a triage mechanism
to decrease the demand on other levels. Not only does the BLHC System embody
elements of each of these hierarchies, but it may also embody unique mission
assignments related to its military role.

Figures 1-2, 3, and 4 characterize both major systems. While civilian |
systems change gradually over time In response to socio-econcmic and demo-

graphic changes, the BLHC military system may change relatively rapidly in '
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response to mission changes. Mission changes can involve scvere changes in
population mix as well as total numbers in the population.

Ability to fulfill BLIC System requirements has been a prime factor in
cvaluating alternatives available from the state-of-the-art survey. Morcover,
the design methodology and analytical tools which Westinghouse i8 recommending
to the Department of Defense have been generated with sufficiently generalized
parameters so that the performance of the BLHCS is not inhibited or constrained.

The Westinghouse systems analysis was based on the assumption that
the Department of Defense will continue to offer the broadest array of health
care possible within its BLHC Systems; the resulting rccommendations are
designed to cnhance this ability and not simply to delete some of the most trouble-

some arcas from the system.

RESULTS AND CONCLUSIONS

The study yields are presented in the following five areas:

1. A massive data resource on health systems in general
and on the BLHC System in particular;

B A demand model -~ a method for translating BLHCS
beneficiary population data into a statement of the
health care required for those populations;

3. A design concept -- a facility organization that will
provide a framework for operations and for change
and growth over the life cycle;

4, Cost/benefit analyses on major health systems
functional areas such as communications, dietary,
and materiel handling.

5. Recommendations on medical care.

None of these yields is separate; to some extent they describe the
process of the entire study, the path the Westinghouse group took in

learning, conceptualizing, analyzing, and testing. Nor are they
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necessarily in sequence; they are sometimes parallel, often interactive.

They are presented separately to dramatize the fact that the sequence

described -- planning, design, and operations -~ can be performed
over a period of time by different groups. The improvements and tools
can be implementcd and evaluated in toto or individually. And the
careful audit trails providc continuing growth and development of all study
yields.

The objectives described in the RFQ and Westinghouse commit-
ments made in its proposal have been met, and more. In several
instances during the study, Westinghouse has even contributed thc use of

proprietary software programs and other Corporate resources to further

study goals.

The yields from the study meet the three categories of needs pre-

viously described with pragmatic and effective solutions.

® The responsive Westinghouse concepts for the
NGMH can accommodate new ideas, changes in
policy, changes in health care trends, as well
as identified performance requirements.

o Planning and design tools developed are
generalized solutions adaptable to any BLHC
System, These concepts can respond to the

uniqueness of every BLHC System.,

e Planning and design tools can reduce the
time between planning and occupancy.

o These concepts are not confined to the BLHC
System; they will also be widely applicable by
HEW, civilian hospitals, and the Veterans
Administration,

e Many of these study results are not limited

to new facilities, but have immediate appli-
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cition to retrofit situations both inside and
outside the BLIIC System.

o Individual operations analyses have produced
viable recommendations for the major sub-
system areas,

® NMedical care recommendations have balaneced
and guided engireering outputs throughout the

study,

RECOMMENDATIONS

The reeommendations resulting from the sueccessful completion of

the Depariment of Defense Phase I study — Systems Analysis Study

Towards a '"New Generation'" of Military Hospitals, are summarized as

follows:

Source
e Proceed with Phase II implementing and Volume I
evaluating the results of Phase I. The DoD peg. 9
should regard Phase II as a comprehensive
and continuing R &D program, managed
through planning, design and operations
as a single and consistent process, without
discontinuities in time and responsibilities.
The same interdisciplinary approach which
has proved successful in Phase I should

be employed. l

e DoD should establish a full-time inter-
disciplinary group to participate with
industry in Phase II. This DoD group
would be the new cadre of health care

system planners who will become the
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core group for a larger staff necessary
for the design, construetion and operation
of the "New Generation'" of military

hospitals.

The following reeommendations have immediate applicability in all
DoD existing facilities and should also he incorporated in the "New
Generation" of military hospitals. These recommendations do not require

Researeh and Development (R&D) efforts for implementation.

Source

Military careers should be made more attractive Volume NI
and competitive with eivilian opportunities by 71Pe S =D Lo M
expanding continuing education programs using self- VOlme L

pp. 33 to 54
instruetional and multimedia aids, and provide Volume IV
opportunities for attending professional meetings and pp. 3-201 to 218
short courses, and developing a peer audit review
system with assistance from the Joint Conference
Committee of the American Medical Association.
Utilize a manual materiel handling system with - ]
exchange cart; the automated Power and Free
materiel handling system should be considered for
200-300 and 700 to 800 bed BLHC Systems.

° Large-cross-section pneumatic tubes should be Volume 11
installed to accommodate high-volume, high-frequency pp. 3.3-34 to 52
trash and soiled linen removal. I\)/;))lu;n 2312Vto 952

[ Investigate the use of automatic dumbwaiters for

limited use in high-volume, high-frequency, non-level

workload areas such as conventional dietary systems.
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A combination of convenience foods and abbreviated
kitchen for each nursing unit should be adopted; revise
staffing and design criteria to allow for BLHC System-

wide application.

Standardize clinical laboratory test procedures and
equipment for more precise internal management
and generation of more usable data for prediction

of workload.

Automated clinical laboratory equipment costing

over $35,000 should be leased and not purchased.

Utilize a staffing criteria to allow a ratio of one

dentist to four assistants to three operatories.

Expand the practice of four-handed sit-down

dentistry.

Increase the use of dental hygienists in preventive
dental prograns such as dental prophylaxis, fluoride
treatments, water-supply fluoridation, and patient

education on prevention of dental disorders.

Institute 'outpatient surgery' as an integral part
of the composite facility -- utilizing existing
operating room suites, personnel and ancillary

services.
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Source

Volume I
pp. 3.3-53 to 68

Volume IV
pp. 3-180 to 200

Volume I
pp. 3.3-69 to 86

Volume IV
pp. 3-37 to 57

Volume 11
pp. 3.3-87 to 100

Volume IV
pp. 3-160 to 179

Volume 11
pp. 3.3-101 to 110

Volume IV
pp. 3-1 to 36



Source
° f.evel the nursing workload by rescheduling from the Volume II
peak morning hours of 0700 to 1000 procedures such pp. 3.3-111 to 149
as:
Inpatient movement to ancillary areas

Admissions/discharges

Bed baths

° Employ the unit dose drug distribution with IV
additive and Auxiliary Clinical Pharmacist for both
inpatient and outpatient operations for all BLHC -olume II

3.3-173 to 190
Systems of 200 beds or more.

Volume IV
pp. 3-264 to 281
° Introduce a drug information center for 750- to
1000~ bed BLHC Systems.,
° Utilize the double corridor concept for improved
staff and patient traffic patterns in Radiology
Departments, Volume I
pp. 3.3-191 to 206
Volume IV
o Generators equipped to serve several X-ray pp. 3-307 to 324

machines should be used rather than the existing

use of one generator to one X-ray machine,
The following recommendations for Short-Term R&D, that is

research and development programs that can be completed in less than

eighteen months, have heen identified by Westinghouse,
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The data base for the Demand Modcl should be
immediately extended and refined to show aneillary
usage by level of dependeney and by speeialty
clinie visit., The Demand Model's eapabilities
depend upon the quality and range of available
data; this requires that the data and the Model
itself be adjusted and updated on an ongoing

basis, The Phase I study developed data to
enable immediate application of the Demand

Model.

Investigate the implieations of the Westinghouse
Phase I study yields for BLHC Systems smaller
than 250 beds and for specialty or regional

referral centers.

Revisc existing guidelines and criteria for
planning, design, construction and staffing to
ficilitate incorporation of the various technological
options and improvement alternatives into design
specifications for the '""New Generation'" of

military hospitals.
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Volume II

pp.

3.1-1 to 60

Volume II
pp. 3.4-1 to 84




Investigate initial installat on of a central dedicated
processor with time-sharing capability having the

essential features of:

central processor decdicated to the
NGMH system
~ time-sharing by functions
~ commonly shared data bhase with a natural
language interface
- cathode ray tubc for hasic input/output
media with limited hard copy capability.
Dcvelop specifications for the use of microfilm for
the production, storage, and retrieval of such data
as medical records, admission, medical summaries

and boards ~nd its applicability to BLHC Systems.

Determine the economic break-even point for dietary
disposables and evaluate the consequent impact of

disposables on the materiel landling system,

Develop specifications for computerized menu
planning for more economical purchasing and

inventory control procedures.
Develop a computerized, centralized and standardized

data-collection system for major elements in the

Base Level Health Care System.
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Source

Volume 11
3.3-12 to 33

Volume IV
pp. 3-58 to 126

Volume II
pp. 3.3-53 to 68

Volume IV
pp. 3-180 to 200

Volume III
pp. 94 to 101



Source
Develop specifications for computerized central Volume III
appointment systems for clinics and outpatient pp. 94 to 101
services which can handle rescheduling, cancellations,
and other varying demands upon the system while

allowing flexibility for individual clinics.

Provide audio-visual referral communi- Volume III
cations centers between BLHCS, dispensaries and pp. 55 to 69
University Medical Centers for consultation, to

reduce thc estimated fifty percent of hospital

referrals, and to promptly alert hospital staff to

the details of more acute problems and permit

inore rapid communication of health care data,

Implement computerized techniques including Volume II

« 3.3=69 to 86
automated testing procedures, terminals for PP °

laboratory result readout in nursing stations, ;/':.luxsnse tf)HG9
outpatient departments, remote facilities, etc.,

communications systems with hospital decision-

making centers, disease detection systems, and

quality control for the Clinical Laboratories.

Develop specifications for communications Volume II
equipment for the Clinical Laboratory which pp. 3.3-69 to 86

can effect adequate and low-cost image storage

and retrieval,
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Iistablish an innovative position of "Barracks Health
Master' with training in preventive medicine including
communicable disease, safety, and trauma pre-
vention, These corpsmen on the staff of the drill
instructor, would be stationed in the barracks of
recruit training centers to function with appropriate
~esponsibility and authority. Such a position would
reduce visits to dispensaries and outpatient clinics
hy recruits. -
Adopt the Physician's Assistant concept for all
nutpatient clinics in new BLHC Systems; utilize
the Corpsman Physicians Assistant for clinics
with predominate male patients and the Nurse
Practitioner for clinics with predominate female patients.
Reevaluate and revise outpatient clinic staffing and
space planning criteria to allow for:

- Operatica of most clinics twelve hours

per day, five days per week.
- Provide two examining rooms per physician
for most clinics.

- Provide office space for physicians outside
the clinic,

- Meeting needs for patient-family education
and counseling, including use of multimedia
aids.

Establish and computerize the Westinghouse
"Graduate staffing' procedure to enable Nursing
Service to vary unit staff on a daily basis as

workload varies.
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————————

Volume III
pp. 33 to 54

Volume II
pp. 3.3-101 to 110

Volume III
pp. 55 to 69

YVolume II
pp. 3.3-111 to 149

Volume IV
pp. 3-337 to 360



Adopt the Modified Nursing Specialist - Unit

Manager organization.

Develop specifications for an education and
training concept employing Integrated Media --

a combination of electronic dial access and
instructional program management information
and control; evaluate the feasibility of installing
this system in existing BLHC Systems.

Evaluate the applicability of the Radiology "Cluster

Room'' concept to military hospitals.

The following recommendations for Long-Term R&D, that is

Develop nursing procedure time values by type

of patient, level of patient dependency and type

of nursing skill required.

Develop a uniform and comprehensive reporting
procedure for all DoD health care services.
Among the major findings of the Westinghouse
Phase I study were the variety, inconsistency,
and inadequacy of existing data and data reporting
systems. Variations between service branches
are common; inconsistencies occur between
services and, within services, between individual
hospitals; and data reported are tied to "functional

costs' rather than performance requirements.
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Source
Volume 11
pp. 3.3-111 to 149
Volume IV
pp. 3-337 to 360 .
Volume 11 !

pp. 3.3-150 to 172

Volume IV
pp. 3.201 to 218

Volume 11
pp. 3.3-191 to 206

Volume IV
pp. 3.307 to 324

research and development programs that require more than eighteen months

of effort before completion of the program, have been identified by Westinghouse.

Volume I
pp. 3.3-111 to 149

Volame 11
pp. 3.1-1 to 58

Volume V
pg. 3-1
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Implement programs to develop auto-
mated hospital information hardware
and software systems definel by
specifications established in the Short

Term R&D programs.

In the area of construetion planning, Westinghouse
recommends that the DoD develop speeifiec user
needs for industrialized building systems, and

components throughout BLHC Systems.,

Explore the development of a worldwide health data
banl to permit complete assessments of health care
trends, the development of preventive medical
programs, and to determine health needs and costs
on a2 much more accurate and efficient basis than
currently possible. This might be developed
jointly by the military serviees and the Veterans
Administration,
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Source

Volume II
pp. 3.3-12 to 33

Volume I
pp. 3.4-1 to 97

Volume I
pp. 94 to 101



In summary, Phase I has not only produeed tools that have the
capability and flexibility for the complete spectrum of DoD hospitals under
consideration, but thcsc tools extend the Westinghouse results to far broader
applications, such as, retrofit situations,

The many existing BLIHC Systems offer a myriad of opportunities for
implementation of the results of this svstems analysis program, Such
retrofits need not wait for the full scale Phase II applieation for the DoD
to realize substantial benefits in time, dollars, and better sub-system
operations,

The implications of this study will extend beyond the DoD., As one
of the world's largest comprehensive medieal health care programs, the
DoD BLHC Systems can bccome a model for large health eare systems

everywhere,
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2. TECHNICAL APPROACH

In preparation for the actual systems analysis, the Westinghouse Team
collected and analyzed an immense data resource. The three main resourees,
printed as separate study volumes, are:

] Data Inventory

o State of the Art

o Medical Health Care Review
These volumes are supported by 33,000 pages of mierofilm, sent separately

to DoD.

(1) Data Inventory (Volume V) -~ a composite of the data gathored

from the three primary and six secondary BLHC Systems. The data gathering
and work sampling studies were intended to generate the data base for each

of the BLHC Systems' functions, and elements, and the flow of all major items
(patients, staff, visitor, communications, and materiel) into, out of, and within
the system on an inter- and intra-functional basis. The data gathering and work
sampling studies were also to be used to identify the highest cost areas of the

overall system and, thereby, beecame the first level of the problem identification.

(2)  State of the Art (SOA Volume IV) -~ protrayed the most efficient

concepts applicable to health care facilities in hardware, management, medical
practice, and design and construction, which are currently in use here and
abroad. It also portrayed those developments which could potentially be applied
after short~term research and development (18 months or less additional work),
as well as developments requiring considecrable research which would not enter
the system until 1975 to 1980.

The state~of-the~art survey, unlike the data gathering and work sampling
studies, was not restricted to the BLHC Systems or to military practice only.
Moreover, the survey also identified certain improvement contenders in areas

not previously identified as problems.



Wherever possible, initial and life cycle costs as well as qualitative
evaluations of these concepts have been collected. These data provided the
inputs for the cost/benefit analyses, and played a major role in identifying the

first level of improvement alternative contenders.

(3)  Medical Health Care Review (VolumeIIl) -- recommendations of

a team of physicians, on the three primary BLHC Systems. Thelr primary

focus was on attracting, holding, and upgrading personnel; improving facilities

in terms of making them more acceptabie to medical practice; and making
recommendations in the professional services. Their specific obscrvations

and recommendations for design and for areas of further study were incorpora-

ted into the appropriate project section by the Study Team engineers, architects and
systems analysts . 3 the stuc'y progressed. For this reason this volume is
considered a data resource rather than part of the analysis,

The study outputs of these three data resource volumes represent the
most comprehensive sct of data which have been generated on the current
BLHCU Systems as well as on state-of-the-art. Thcy characterize the present
system, indicate components which are amenable to improvement, and provide
the basls on which to cvaluatc suggested Improvements,

Based on these data resources, the systems analysis study was organized
into three major categories: (1) Health Care Planning; (2) Design and Constructlon
of Facllities; and (3) Operations. A fourth major element of the study was
Systems Application in which the results of Improvement alternatives analyses
are demonstrated.

The process of system analysis whith was undertaken 1s as follows:

DEFINE OBJECTIVES

For the first three categorles, thc first step was to define the system
objectives. In the broader sense of the overall study, this objective as defined
in the RFQ was to "improve the effectiveness and efficiency of hospital care

while reducing costs of opcrations without lowering the quality of patient care."



This objective is so broadiy statcd that it was broken into the following major
and minor objectives related to cach major portion of this study:

() Planning -~ generate improved methods and procedures for pre-
dicting thc health carc and patient rcquirements of the population
dependent on a BLHCS both initially and over time. Translate
these health carc nceds into accurate performance requircments
to describe the resources needed to meet these needs.,

[ ] Design and Construction -- gencrate improvements to the process

of design and construction which will rcsult in a facility in which

physical resources can be best applied to mect the demands on

the facility at cach point in time over thc facility's lifc cycle.

(a) Thc elapsed time from thc perception of need for new con-
struction or cxpansion, to the day of occupancy, should be
reduced.

() Facility must provide predicted health care requirements,
yet be as insensitive as possible to prediction errors.

(c) Design must be able to absorb major growth without disrupting
original facilities.

(] Operations -~ generate improvement alternatives in the delivery
of health care and support scrvices using the best rnanagemert of
availablc resources. Unless the elements under analysis are
critical to other arcas, such as clinical labs, the primary goal of

these alternatives is to rcduce operating costs.

DETERMINE THE MEASURES OF I' '"FECTIVENESS

The next step was to uetermine how well each improvement alternative
fulfilled each objective. Beforc discussing specific measures of effectiveness,
it is necessary to distinguish betwcen those measures that can be used beforc
the facility is constructed and operating, called prospective measures of effective-
ness, and those that can be used only afterwards, called retrospectivc. Examples



of retrospective measures of effectiveness are the morbidity and mortality rate

for the population served, and the ultimate health condition of the patients

treated at the BLHCS. In a study sueh as this, prospective measures are desirable;
however, in many areas, especially those related to medical practice, the only
practical measures are retrospective.

The measure of effectiveness for planning uses a retrospective and quanti-
fiable measure which is the degree to which the observed demand in the operating
facility matches the total demand. Unless the population is measured or sampled,
this measure may be invalidated in an undersized facility, which acts to turn
away patients and so reduce observed demand. Another measure of effectiveness
is the degree to which the translation of resources required to meet the predicted
health care need is properly stated to the facilities designers.

For design and eonstruction, nearly all measures of effectiveness for
reduced planning time is precisely the time lapse ffom perception of need to date
of beneficial occupancy compared with that which is generally required in the
present systen:, Another measure of effectiveness for the design at initial
construction is the degree to which the facility does, in fact, provide for the
mateching of health care resources with the perceived demands. This measure
of effectiveness includes sensitivity to errors in predicted demand. The
quantitics which can be measured in the operating facility are the flows of
patients, staff, and materiel; some of these aspects are quantifiable and some
are subjective. The measure of effectiveness of the system's ability to absorb
major growth cannot be evaliated until the facility undergoes major expansicn,
Another example of a prospective measure of effectiveness for design and
construction is comparing the estimated first costs of a facility built within this
design logic to estimated first costs of similar facilities built using conventional
practices. The costs associated with specific changes and growth hypotheses
over the life of the facility must then be estimated and compared,

For Operations, most measures of effectiveness are prospective,

relating directly to whether the improvement alternative satisfies the objectives
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at a reduced cost. 'Hard" data was availablc for most alternatives, and initial
and life cycle costs werc generated. Where ccrtain altcrnatives werc not
amenablc to such clear-cut analysis, qualitative mcasurcs of cffectivcness
wcre uscd.

Many of the mcasurcs of cffcctivencss relating to the BLHCS arc diluted
by thc impact of uncontrollable variables. For cxample, policy dccisions on
the degrce to which depcndent populations will have their hcalth nceds served at
the BLHCS will havc major impact on the ability of thc Department of Defensc
to properly mcasurc the effectivencss of the planning outputs. The introduction
of a Barracks Hcalth Mastcr is anothcr cxample. This altcrnative is an opcra-
tional changc in the delivery of health care decsigned to lighten the load on
physicians and on facilities delivering a higher level of health care and lowcr
overall costs. It canbe meacurcd as follows:

° lowered cocts (which can bc documentcd)

° lowered morbidity and mortality rates evidenced at the higher

BLHCS echelons(which may or may not be capable of documentation),
These measures of effectiveness can be documented as cost per military beneficiary to
implement this alternative and a documentation of the number of troops seen;
a listing of the diseases treated; hours of counseling provided; and possibly the
reduction in sick call. However, what is uncontrollablc and can adversely affect
the application of the entire concept is the personality and education of the indi-
vidual soldier; the personality and cducation of the Barracks Health Master;
and the suppoxrt, or lack of it, given this conccpt by the higher levels of medical
health care professionals within the BLHC System. Such uncontrollable factors

have been considered in each of the specific analyses which follow.

SYNTHESIZE ALTERNATIVES
For each major element of the existing BLHC System, the present opera-
ting method was characterized, quantificd, and defined to the degree of specificity

possible. In each case, the present method and its costs and resource utilizations
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were considered as the first alternative. Study efforts were then focused
on those areas with the largest eost or resouree utilization elements, in which
improvements would contribute the greatest overall benefit to the system or in
those arcas where throughput eapability is more important than cost.
Improvement alternatives from the state-~f-the-art survey were then
matched to eomparable clements in the current system to deterriine whether a
single alternative or a combination of alternatives could improve upon the present
svstem, Where several alternatives offered promise over the current method,
detailed studies were initiated to systematically characterize the nature of
these alternatives in relation to their reaction to various paticnt mixes; scale
effcets; and costs in labor and supplies. Where improvement alternatives were
not available from within the statc-of-the-art, various groups within the study
team developed new coneepts and tools which could be introduced as improvements
to the current method of operation. Only coneepts and tools which were both

feasible and economical were developed.

ANALYSES OF ALTERNATIVES

After the major improvement alternative contenders were identified or
erecated in each major study area, they were subjected to an analysis process
that varied according to the complexity and number of alternatives examined.
In most of the analyses, life eyele cost analysis ranked the alternatives. In
these analyses the impact of deeisions made in the present is gauged by the
"present value method''. This method normalizes the effect of inflation in
labor and equipment costs by discounting the present money spent in the future. ’

In addition to the quantitative cost effectiveness or cost/benefit analysis,
the alternatives were subjectively evaluated by health care professionals and
experts in numerous other fields, In a few areas, only subjective evaluations
were possible. The subjective evaluations, such as efficiency, safety, and
personnel utilization, are cxpressed in the individual analyses in several ways,

In some ecases, the degree to which an alternative satisfies the subjective
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objectives is listed. In a fcw, the altcrnatives are given a subjective ranking
with pertinent differences described.

The interaction of improvement altcrnatives in different functions and
areas was also evaluated. Tor example, if an improvement alternative in one
area diminishes the effectiveness of or precludes an improvement alternative
in another area, the effect must be included in the cost-effectiveness analysis.
These interactions have been both quantifiably and subjectively analyzed.

The fine detail of data collected was essential to quantification of interactions

between improveinent alternatives.

SENSITIVITY ANALYSES

Within the analyses, alternatives were evaluated for a range of variables,
such as workload and economic factors, to see what degree of error in prediction
can be tolerated before the recommendations are invalidated. This process of
testing is called sensitivity analysis. Each recommended improvement alterna-
tive was tested in this manner,

The following sections of the Systems Analysis all follow the above pro-
cedure:

° Planning

° System Design Concept

° Operational Sub-system Analysis
In the final section, Systems Application, the results of the analysis are tested.
Hypothetical base population and mission have been defined with assigned life cycle charac-
teristics. The results of this systems analysis has produced the performance

requirements, operational objectives, and general design concepts for the NGMH.
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3.1 PLANNING
INTRODUCTION
Planning, as defined in this study, is the prediction of patient care require-

ments and the resourees which must be allocated to ensure their satisfaction.
Total patient care requirements, whieh are independent of BLIICS serviees and
facilities, are composed of demand and utilization. Demand can be defined
in units of inpatient admission and outpatient visits and utilization as bed occupancy
and ancillary usage. Health care resources to match these requirements include
organizationa! and funetional struetures of services, facilities and operations.
Although planning and design are dealt with separately in this study, they are
sequential steps and do not imply the neeessity for any organizational division.

Methodologies and teehniques for predieting patient eare requirement
averages over a lons term have been emphasized in order to lay the foundation
for faeilities design. To prediet patient eare requirements, faecilities presently
adininisstering eare must be studied. Medieal teeknology and praetice vary from
one BLHC System to another, especially in the fine detail of expenditure of
health eare resourees. Therefore, to produce meaningful data, we have limited
tk 2 level of detail in whieh we have eharacterized patient eare requirements.

In the remainder of this section the BLHC System is charaeterized briefly
by mission, seope of services, and population served. Measures of effective-
ness are discussed for predicting patient eare requirements, followed by an
eva.uation of the planning method required by present DoD guidelines, i.e.,
historieal workload. A more effeetive planning method whieh prediets patient
eare requirements based on population projections is then proposed. This
method, whieh appears to have advantages over historieal workload as a method
of predieting patient eare requirements is embodied in a set of linear transfor mations
called the "Demand Model.'" The numbers generated for the Demand Model

demonstrate its feasibility. Moreover, the generality of the methodology is sueh

that the numbers can be updated and refined without invalidating it.

BLHC SYSTEM CHARACTERIZATION

The primary mission of a BLHC System is to render medieal eare to
members of the U.S, Armed Forees: the secondary mission is to render eare
to dependents of Armed Forees personnel. Retired personnel and dependents

of retired or deeeased personnel are authorized for eare and are treated to the
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cxtent resources are available., Although other mcembers of the Public Health
Service and visiting military pcrsonnel of allicd nations are also authorized for

limited care, thcy absorb such a small fraction of the health care resources at
a BLHC Systcm that their requircments are not discussed here,

The BLHC System is a comprehensive health care system which includes
preventive medicine and entry point carc, termcd first echelon care, and short-
term hospitalization, termed second echelon care. Some BLHC Systems may
also scrve as specialty and rcgional referral centers for diseases or conditions
requiring special facilities, Unlike many civilian institutions, long-term care
for chronic or disabling conditions is not a mission of the BLHC System.

Each of the four primary bencficiary groups has distinguishing charactar-
istics which sets it apart from the others, both in its predominant demands and
in some administrativc fcatures of the care each receive,

® Active duty mcmbers of the U.S., Armed Forces are predominantly
young males. Because thcse people are screened before induction,
incidences of disabilities or chronic illnesses are low, Their most
common illness is the common cold. Enlisted recruits, because of
unaccustomed stress during training, create a heavy load on the BLHC
System for sick call,

® Since dependents of active duty personnel are predominantly young

females, infants, and children, their demands are mostly for obstetrics
and gynccology, and pediatric services.

® Retired personncl are generally subject to the ills of middle age.

® Dependents of retired or deceased personnel are older females and teen-

aged children.,

The five most prevalent causes of inpatient admissions for 2ach of these
beneficiary categories is shown in Table 3,1-1, as derived from USAF Medical
Record Summary Shects for CY67 (see Appendix 3.1-1 for details of the data
processing).

To furnish a basis for comparison of illness rates across health care sys-
tems, age-sex distributions of these beneficiary categories were found (Figures
3.1-1 to 3.1-4). To derive these distributions it is assumed that each age-sex
cohort of the dependent categories hav: admissions under CHAMPUS proportional
to those of the U.S. civilian population (see Appendix 3.1-2), Only the age-sex
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TABLE 3.1-1
MOST PREVALENT MAJOR ICDA DIAGNOSES (PRIMARY)

BY BENEFICIARY TYPE*
7 of Admissions of
that B, T. to Air Force

Beneficiary DOC Hospitals in CONUS
Recruits
8-Respiratory System 23.7
1-Infective & Parasite 11,4
5-Mental & Personality 11,0
9=-Digestive System 10.5
12-Diseases of the Skin 10.3
Active Duty Personnel
9-Digestive System 14,7
17-External Causes 14.2
8=Respiratory System 11.2
16-Tl1-dcfined Conditions 10.2
13-Discases of the Bones 7.6

Dependents of Active Duty Personnel

11-Deliveries 26,8
18-Births and Special Admissions 23.5
10-Genitourinary System 8.1

3=-Respiratory System 6.9
16-Ill-defined Conditions 5.9

Retired Personnel

7-Circulatory System 18.6
9-Digestive System 17.1
2-Neoplasms 9.8
16~Ill1-defined Conditions 9.3
10-Genitourinary System 7.2

Dependents of Retired or Deceased Personnel

10-Genitourinary System 15,4
9-Digestive System 10.4
2-Neoplasms 9.4

16-TIl1-defined Conditions 8.6

17-External Causes 7.7

* Source: Medical Record Summary Shcets, CY1967, USAF.
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distributions are derived, not total numbers of dependents (which are known
from other sourees).

The age-sex distribution (world-wide) of active duty personnel is from the
USAF Biostatistical Report for 1967, The age-sex distribution of retired per-
sonnel (excluding Title Il retirees) was taken from a chart prepared by OASD
(Office of Manpower and Reserve Affairs)., The age-sex distribution of the
dependent categories applicable in CONUS were derived from an age-sex break-
down of inpatient admissions in CONUS under the CHAMPUS program (CHAMPUS
Twelfth Annual Report) and from U,S, admission rates by age and sex (Health

Interview Survey, Department of [Health, Educatiou and Welfare).

MEASURES OF EFFECTIVENESS

Patient care requirements depend both cn the demand on the BLHC System
and on the utilization of health care resources to meet these demands. Errors
in predieting patient care requirements may result from error in predicting
demand, even if utilization per outpatient visit or per admission is as predicted.
Converscely, changes in medical practice or technology will change the patient
care requirements even with demand remaining constant., Demand and utiliza-
tion are separate problems; they can be predicted independently and measured
nearly independently,

The only sure, quantitative measures of effectiveness for planning are
retrospective: how close the observed is to the predicted. Such ex-post facto
measures, however, must be supplemented by the following qualitative criteria
which allow a planning method to be assessed before it is implemented: 1) does

the method allow prediction, 2) is it rational, and 3) is it feasible.

EVALUATION OF HISTORICAL WORKLOAD

The present DoD method for determining future patient care requirements
is average workload over a previous 12-month period.1 This section will assess
this planning method,

Because the planning estimates of patient care requirements at the nine
study BLLHC Systems were not available during the study, retrospective evaluation
was not possible. Consequently, the study Systems and parts of the military

health care system in CONUS have been assessed on how closely the demands of

1. DoD Instruction 6015,17 Par, V,.C.3, 24 September 1968,
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the beneficiaries are met by resources at the BLHCS.,

Since the primary mission of the BLHC System is to provide health care
for military personnel, we assume that all military health care demands are
being met, Statistics on their demands on the study Systems arc assumed to
accurately reflect these demands. The following analyses, however, show that
the non-military beneficiary demand is not entirely met by the BLHC Systems
and that the method of historical workload permits this condition to persist
indefinitely, i.e. inadequate resources and services provided under CHAM PUS,

Two analyses were performed on the demands at the BLIIC Systems
studied. In each, the BLHC Systems have been considered a sample from a
statistical universe of military health carc systems in the continental U. S,

The limited number of study BLICS excluded inter-service comparisons.

In the first analysis, outpatient visits and inpatient admissions per member of
the population were plotted as a function of time from 1965 to 1968, using the
data pack information (Figures 3.1-5 and 6), Beneficiary categories were not
broken out since the data pack did not contain this information. The data pack
information on Walson Army Hospital did not permit this analysis, Aggregate
admissions and outpatient visits show no particular trend at any individual base,
but do show substantial variation in services per person rendered at the bases.,

A second, more detailed study was performed to find outpatient visits
and inpatient admissions per person by beneficiary category for 1968 at the
BLHC :stems studied (Figures 3.1-7 through 15). Since only the demands
from the population served by the BLHC System were desired, transfers into
the BLHC System and IRHA (injured as a result of hostile action) were not

included in inpatient admissions. The planning process for a BLHCS includes

the estimated health care resource usage of these patients, however the objective
is to describe the services provided the populations at the BLHC Systems. Dis-
pensary visits by non-military beneficiaries were included in outpatient visits:
dispensary visits by military personnel are considered separately from outpatient
visits. Figures for Air Force dispensary visits are taken from reporting

dispensaries. Recruits were not distinguished from extended active duty per-

sonnel on these forms.
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The main sources of data were: Army, DA 8-268 (Morbidity Reports),
and DD 444 (Outpatient Report); Navy, NAVMED 1454 (Medical Services Report):
Air Force, Al® 235 (Report of Patients). Recruits were not distinguished from

extended active duty personnel, on these data sources.

The figures for population served were taken from the data pack, These

figures were updated, when possible, during the data collection; in some cases

the data pack population figures were only estimates based on nationwide ratios,

The detailed figures for each BLHC System are shown in Appendix 3,1-3,
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Oakland Naval Hospital is omitted from the analysis because the required
data were not available. On each figure is shown the least-squares fit straight
line(s) through the origin. To separate the component due to recruits from that
of extended active duty personnel, regression analysis was used.

The results for military personnel at these BLHC Systems are:

(J) On the average, recruits visit dispensaries approximately 3-1/2 times
as often as active duty personnel per exposure year (14.5 visits per year
versus 3,9 visits per year). At Parris Island, data collection showed that
recruits' visits are 16,6 per year.

(2) On the average, recruits are admitted as inpatients approximately
5 times as often as active duty personnel (890 per 1000 versus 170 per
1000 admissions per year). There was a wide variation in admission
rates of the recruit population in each of the services. This is caused
by types of training being performed, regional factors, and dispensary
operation and services rendered.

(3) Keeping recruits and extended active duty personnel as separate
categories, partial regression coefficient for recruits was nearly
zero, Consequently, the best fit regression line, on Figure 3,1-8
5.2 visits per year, is for the two groups combined.

These results indicate the large differences in demands between recruits
and extended active duty military personnel anrd justify predicting their patient
care requirements separately.

The results for the non-military beneficiaries which did not include services
rendered under CHAMPUS, show that at these BLHC Systems:

(1) Dependents of active duty personnel have approximately 3/4 as many
outpatient visits per year as the U.S. civilian pnpulation (2.9 versus
approximately 4 per year U.S. national average in 1968).

(2) Dependents of active duty personnel are admitted approximately 1/2
48 often as the U.S. civilian population (65 per 1000 versus
137 per 1000 pevr year average U.S, admission rate 1968),

(3) Demands due to retired personnel and dependents of retired or deccased
personnel are generally lower than might be expected, by comparison
with civilian statistics, and do not correlate well with the estiinated

populations. This result may be due either to inaccuracies in estimating
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population or to the availability of other means of receiving health

care.

These results for eight of the study BLHC Systems lead to the suspicion !
that some of the health care demands of the non-military beneficiaries are being
met outside the BLHC System. It is not possible from these results to definitely p
state that any particular BLHC System is not meeting the health care demands
of its beneficiaries, since data on the demands at a particular BLHCS which
were served in other health care systems, such as CHAMPUS, could not be
found.

The Civilian Health and Medical Program of the Uniformed Services
(CHAMPUS) augment the BLHC System by providing benefits for health care
services to authorized dependents of active duty personnel, retirees, and
dependents of retired or deceased personnel1 ’ 2. For ambulatory care,
beneficiaries choose freely between a BLHC System and services in civilian
facilities.3 To be hospitalized under the CHAMPUS program, dependents of
active duty personnel who reside with their sponsor require a certificate of
non-availability from the BLHC System; other beneficiaries have free choice.

In CY68 , approximately 71 % of dependents of active duty personnel did
not reside with their sponsor, and so had free choice.

Though the BLHC System maintains records of non-availability slips,
the large fraction of beneficiaries who have free choice makes their interpretation
difficult. Records on CHAMPUS claims are maintained at a state-wide level
by the program's contractors. Thus, an individual BLHC System has little
idea of the demand in the vicinity of the bas:> that is served under CHAMPUS.

However, it is possible to compare total CONUS inpatient claims pro-

cessed and approved under CHAMPUS with total inpatient admissions in the

"CHAMPUS Twelfth Annual Report, 1 June 1969.

2Columbia University School of Public Health and Administrative Medicine,
"Military Medicare,' June, 1969, study sponsored by the Department of Defense.

3Dependents residing on base must use its resources unless needs cannot
be met locally.
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military health care system in CONUS., With this comparison, it is possible

to extrapolate approximate measurements of health care demands for dependents
and retirees. Since retirees and dependents of rctired or deccased personnel
over 65 may choose between a BLHC System, CHAMPUS, or MEDICARE, and
retirees may be covered under private insurance plans provided by an cmpl oyer,
the totals for these groups from CHAMPUS and the military health care system

will be less than the total health care demands.

Since many comparatively low cost outpatient visits are not rcported
because of deductibles and coinsurance, the reported number of outpatient
visits does not accurately reflect demand. Therefdre, this analysis will be
confined to inpatient admissions,

Table 3,1-2 shows total inpatient admissions in the CONUS military health
care system and inpatient admissions under CHAMPUS, The figurcs for pop-
ulations of military personnel and their dependents are world-wide. The figures
for retirees and dependcnts of retircd or deccased personnel are for CONUS,
Data sources are indicated at the bottom of the chart, The apparent admission
rates shown are the total admissions under CHAMPUS and in the CONUS mili-
tary health care system divided by total persons in the population, The expected
admission rates were derived under the assumption that the non-military
beneficiaries have for each age-sex cohort an admission rate equal to that of
the U.S. civilian population, The age-sex distributions of the non-military
beneficiaries were used together with statistics from the National Center for
Health Care Statistics, HEW, to derive the expected admission rates (see
Appendix 3.1-4 . Since the world-wide number of dependents of active duty
personnel was used, the actual admission rate is approximately 10% higher
than that shown here,

The apparent admission rate of dependents of active duty personnel to thc
assemblage of CONUS BLHC Systems is higher (86/1000) than the study hospitals
(65/1000), For retirees, the inpaticnt admission rate to CONUS BLHC Systems
is higher (75/1000) than in the eight study BLHC Systems (32/1000). CONUS-
wide and at eight study hospitals the inpatient admissions to the BLHC System
are far lower than civilian admission rates.
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These analyses were performed using the best data available during the
study; they might be refined further, But to within the tolerance for crror, the
analyses of eight of the nine study hospitals and the CONUS-wide analysis including
CHAMPUS show that a large fraction of the inpatient demands of the non-military
beneficiaries are served outside the BLHC Systems.,

Though limited financing may have restricted expansion of the BLHC Systems,
the historical workload planning method contributes to dcficiencies in estimates.
This method's chief fault is allowing a saturated facility to perpetuatc itself, even
after cxpansion, as a saturated facility, When demand on the BLHC System
grows until it hecomes saturated or overloaded, the non-military bene-
ficiaries face long waiting times for outpatient clinic appointments and deferred
selective admissions, Those beneficiaries who choose not to wait, seek
authorization where required for services at civilian health care systcms under
the CHAMPUS Program. When the facility expands to meet the projections
based on historical workload, the non-military beneficiaries flock back to the
BLHC System and saturate it once again.

The historical workload method lacks: 1) an estimate of the demands
met 1in health care systems other than the particular BLHC System under

study; and 2) an estimate of future health carewdemands and resource utilization

based on at least partial knowledge of the future.

Planning according to the population to be served, as performed in Great
Britain and especially in Sweden, appears to have an advantage over the method
of historical workload, It is predictive: a projection of population leads to a
projection of the patient care requirements. It is rational: it includes infor-
mation over and above historical workload. That it is a feasible planning tool
for DoD is shown in the remainder of this section,

DEMAND MODEL

The Westinghouse Demand Model is a predictive method for determining
patient care requirements for a BLHC System. The rationale of the demand
model is shown in Figure 3.1-16, The population served by the BLHC System
is classified into five categories: (1) recruits, (2) extended active duty per-
sonnel, (3) dependenicof active duty personnel, (4) retirees, (5) dependents

of retired or deceased personnel,
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These members of the beneficiary population have conditions, including
the well condition, that make demands on the BLHC Systems, The demands
take the form of dispensary visits, clinic visits, and inpatient admissions.
Admission is a derived demand, i.ec., a demand placed on the BLHC System
as the result of a decision by a health care professional, In addition, there may

be physical examinations or health multitesting,

Episodes of illness, accident, and routine examination bring people into
the BLHIIC System and evoke sequences of medical care, expressed in terms
of expenditure of health care resources. This sequence may be, for example,
an outpatient visit, hospitalization with its own sequence of care while an in-
patient, and two follow-up outpatient visits, Thesec sequences of care depend
on the medical practice and technology at the particular BLHC System, At
onc BLHC System, a patient may stay extra days at the hospital, with the
follow-up outpatient visits omitied; at another BLHC Sysiem the patient may be
discharged earlier onto a light duty status,

Statistical profiles of the sequences of care can be used for purposes of
management and control within the facility over a time span of hours to weeks.,
For predicting and projecting patient care requirements ahead over a period
of years, averages and grosser statistics suffice, aggregated from scquences
of care, The particular aggregation chosen for the sequences of care depends
on the use of statistics and on the availability of data from which to complete
them, Since the Demand Model is intended to give information to the systems
designers, the output of the Demand Model is as follows:

Outpatient

Clinic visits/year/specialty clinic

Dispensary visits/year

Ancillary usage (X-ray, pharmacy, lab)
Inpatient

Census in each level of dependency

Ancillary usage

Data have been collected on scquences of inpatient care. The necessary
outpatient data are separate from inpatient records, and are not cross refercnced

well enough to follow an individual's complete care sequence. Consequently,
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the only data collected on outpatient visits were the aggregated statistics,

The structure of the NDemand Model is shown in Figure 3.1-17, Each
population category is served to a greater or lesser extent by the BT.HC
System. Trom this population, so many dispensary visits, outpatient visits,
admissions per year are estimated. The distribution of clinic visits among
specialty clinics differs for ez_lch population category, as does the time, on the
average, that cach inpatient stays in a level of dependency.

An outpatient visit and an inpaticnt admission both lcad to a certain amount
of ancillary usage. Though the data collections from medical records and other
sources has yiclded the expected ancillary usage per admission by beneficiary
type, the existing records were insufficient to determine thc ancillary usage to
be expected from a partfcular clinic or by a particular beneficiary type.

The numbers generated during the study have a three-~fold purpose:

(1) To show the fcasibility of the methodology .

(2) To devclop a tool DoD can use,

(3) To find appropriate data to plug into this planning tool.

In order to generate usable numbers, certain assumptions have been made:

(1) Each category of beneficiary has an average age-sex distribution.

(2) The incidence of diseases or conditions (DOC) is the same among the
non-military beneficiaries as among the U.S. civilian population, and
it does not vary significantly by geographic area of CONUS,

In addition, the patient care requirements for exogenous demands, such
as transferred and referred patients, are not considered here. The numbers
we have generated are average figures which apply to no particular BLHC Sys-
tem, Even if the aggregated statistics were perfect at one instant of time,
changes in medical practice and technology would produce changes in them at
some later t'me. The numbers must be continually updated. By the structure

of the Demand Model, the prediction error is linearly proportional to errors
in estimates of population or parameters.
These assumnptions and restrictions were necessary because of constraints

of time and money during the study. In the following sections necessary additional
data and methods of collecting them will be pointed out. These extra data will
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allow the assumptions and restrictions to be dropped and the Demand Model

applied to the planning of a particular BLHC System,

Predicting Population

Since the starting point for planning using the Demand Model is population,
it is necessary to show that DoD can determine the population to be served by
a BLHC System, at present and in the future, To ieep the cost of planning to an
acceptable level, the emphasis here is on more effective utilization of existing
data sources within the Department of Defense or within the Federal Government,

The desired data for each category of beneficiary are:

(1) Numbers

(2) Residence or duty station

(3) Age and sex.

Table 3.1-3 is a summary of existing sources of population data and the infor-
mation each gives, The table indicates:

(1) Military personnel: the numbers, rank, and duty station are known
by the base commander and by the office of the chief of the appropriate
military service, with projections of strength for five years into the
future,

(2) Retired personnel: the residence, age, and sex can be found from
machine-readable tapes for each service.

(3) Dependents of active duty personnel: potentially the most informative
source of data is the ""Record for Emergency, " filled out by the
sponsor, giving the residence and numbers of dependents. This
source of data is believed not to be in machine-readable form, so
that only sampling can be conducted.

(4) Dependents of retired or deceased personnel: presumably dependents
of retired personnel reside with the sponsor. Dependents of deceased
personnel can be located through the office of the paymaster of the

appropriate service for these dependents,

Additional sources of data could include the Census Bureau, Social
Security Administration, Internal Revenue Service, Retired Sections
and Casualty Sections in each service to locate dependents of sponsors

serving overseas.
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TABLE 3.

1-3

POPULATION DATA SOURCES

Beneficiary Source of

Category Data Information Comments
Military Base commander Duty station,

Personnel and headquarters of local address, rank

the appropriate
servicc

Dependents of

Record for emergency

No. of depcndents,

Not machine

Active Duty form (filled out by address, ages of readahle
Personnei sponsor) children
Ccnsus Bureau Address, age/sex Only
(cross-referenced of household deccnnially
and through occupation members surveyed
of head of household)
Housing surveys Address, number periodically
near base of members of conducted
household
Internal Revenue Address, number
Service (cross- of dependents
rcferenced through
Social Security
Number of sponsor)
Retired OSD - Manpower of Address, number
Personnel, Reserve Affairs of checks sent
Dependents of (dependents)
g:g::sdegr BUPERS (PAMICONUS Retirees and Navy only
1080-1135-E-SA) dependents by zip
Personnel
code
Navy Finance Center, Retirees and Navy only
Quarterly Zip Code dependents by
Report zip code
Army Retired Address and age Army only;
Section of retirees machine-
readable
tapes

Air Force Retired
Personnel Section

Retirees - address
by zip code
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Estimating Health Care Demand

Required are BLHCS dispensary visits, outpatient visits, and inpatient
admissions expected over a period of time assuming all those authorized for
care were to apply to the BLLHC System,

Military personnel receive nearly all their short-term health care within
the BLHC System. Their numbers arc known and their incidence rate of
discases or conditions can be effectively computed. Admission and length of
stay statistics for enlisted recruits can be computed separately from other
military personnel in the Navy and Air Force through their machine-readable
medical record summaric .. Outpatient and dispcusary records do not distinguish
recruits from other military personnel. Estimation of the demands for these
two categorics can be separated in a gross fashion by regression analysis. as has
been seen, or by sampling records at the individual base. These statistics are
presented in the first two columns of Table 3.1-4.

The non-military beneficiaries, on the other hand, receive some of their

carc in health care systems other than the BLHC System. To estimate potential

TABLE 3.1-4
POTENTIAL PATIENT DEMAND

Dispensary Outpatient Admissions/

Visits/Year Visits/Year Year
Recruits 14 5.21 .8851
Active Duty Personnel 3.8 5.21 .1701
Dependents of 2
Active Duty - 3.9% 144
Retired Personnel - 4,73 .1402
Dependents of Retired - 3.73 . 1442

or Deceased Personnel

1. 8 Study BLHC Systems

2. "Discharges from Short-Term Hospitals'', Househoid Interview Survey,
Series 10, National Center for Health Statistics, Public Health Service,
Dept. H.E.W., adjusted for nge-sex distribution,

3. Statistical Report, 1965, Health Insurance Plan of New York, adjusted.
for age-sex distribution,

4. Apparent admission rate in CONUS, CYG8.
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demand from the non-military heneficiaries, comparison was made with civilian
health care systems. Statistics on discharges from short-term civilian hospitals
(Household Interview Survey, DHEW) were used to estimate inpatient admissions,
These statistics, listed by age and sex, were used with the age-sex breakdowns
of the non-military beneficiaries to arrive at the numbers shown in columh three
of Table 3.1-4, The apparent admission rates of active duty dependents,
derived from the suin of admissions under CHAMPUS and in the military health
care system is five percent more than that predicted through statistics on the
U.S. civilian population. The same comparison for retirees and dependents

of retired or deceased personnel shows that the apparent admission rates are
lower. This is expected since these beneficiaries have options for health care
other than CHAMPUS and BLHC Systems.

Potential outpatient visits of the non-military bereficiaries must be in-
ferred from civilian statistics alone, since the deductibles and coinsurance of
CHAMPUS show outpatient vigits less than their actual number. The statistics
used to predict potential outpatient visits should be taken from a health care
system where: (1) the beneficiaries are not restrained from seeking health
care by €ither financial penalties or long delays in service, (2) all demands
of beneficiaries are served in the health care system, and (3) the practice of
medicine is similar to that in BLHC System. In general, U.S, comprehensive
prepaid health care plans most closely satisfy these criteria.

The best continuing set of statistics is published by the Health Insurance
Plan of Greater New York (H.I.P.), which provides comprehensive health care
services for its enrollees through contracts with 31 autonomous groups of phy-
sicians. The enrollment in the plan in 1968 was 783,829, To derive potential
outpatient visits, the age-sex breakdowns by heneficiary category were used with
H.1.P. statistics on outpatient visits by age for 1965 (the most recent year for
which reports from H.I.P. were available). The r~suits are snown in column two
of Table 3.1-4.

The distribution of clinic visits is needed, in addition to their total num-
ber. To allow comparison of BLHC System and civilian statistics, subspecialties
were grceuped under one of eight major clinic specialties. The eight major
ciinics and their subspecialty clinics are shown in Table 3.1-5. As a rule,

a BLHC System does not report the number of visits to each clinic by beneficiary
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TABLE 3.1~5 - DEFINITION OF SPECIALTY CLINICS

1. Orthopedic
2. Pcdiatric

3. Obstetrics

4, Ophthalmology

5. Ncuropsychiatry

6. Surgery

7. Medical

8. Emergency
Room Visits

ARMY

Orthopedic
Pediatric

Obstetrics
Gynccology

Eyc

Ncurology
Ncuropsychiatry
LEG

Surgical
ENT
G.U,

Medical
Allergy
Dermatology
Venereal Dis.
General Out-
patient Clinic
Visits

NAVY

Orthopedic
Pediatric

Obstetrical
Gynecology

Ophthalmology

Psychiatry
Psychology

General Surgery
Neurosurgical
Plastic Surgery
Thoracic Surgery
Otorhinolaryngo-
logy

Urology

Allergy
Cardiology
Chest Disease
Dermatology
Endocrinology
Gastroenterology
General Medicine
Proctology

Emergency
Room

AIR FORCE
Orthopedic
Pediatric

Obstetrics
Gynecology

Ophthalmology
Optometry

Psychiatric
Neurology
Psychology

Psy. Social Work

Otolaryngology
Podiatry

Neurosurgery
Surgery

Plastic Surgery
Thoracic Surgery
Urology

Allergy
Cardiology
Dermatology
Pulmonary
Gastroenterology
Endocrinology
Rheumatology
Renal

Internal Medicine
General Practice

Emergency Room

Clinics or services not included in the eight basic areas but
considered an outpatient visit by their branch of service:

(Army)

Occupational Therapy
Physical Therapy

NOTE:
included.

(Navy)
Anesthesiology
Hematology

Occupational Therapy

Physical Therapy
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type. Such information was, however, collected at Walson Army Hospital

and Malcolm Grow Air Force Hospital. For comparison, H,I.P. statistics

for physician visits by specialty in 1965, reported by age, were used along with
the age-sex breakdown of beneficiaries.

The percentage distribution of outpaticnt visits by non-military beneficiaries
is shown in Table 3, 1-6; the details arec in Appendix 3,1-5, Also shown is the
distribution of activc duty pcrsonnel. The best fit is at Malcolm Grow Air
Force Hospital, where the raw data was most detailed.,

General medicine and emergeney room visits have been shown separately
for the study hospitals. The sum >f thesc percentages approximates the percentage
shown for H.I.P, general medicine. At some study hospitals, the emergency
room is used as a walk-in clinic by the non-military beneficiaries who do not
wish to wait for an appointment. The percentage of emergency room visits for
diseascs or conditions that are life-or-limb threatening has been estimated
at less than 10 percent of emergency room visits by physicians at the study
hospitais. In the Demand Model, the fraction of general medicine visits scen in
the Emergency Room at Malcolm Grow has been used as the number of paticnts
to be seen at a walk=-in clinic,

The figures on potential demand have been inferred from a variety of
sources and do not apply to any particular BLHC System. They are, however,
the best possible estimates given the time and financial limitations of the study.

Since statistics taken from overcrowded facilities will lead to underestimation
of demand, the demand on a BLHC System has been estimated with reference to
civilian health care statistics, Such estimation, however, is no substitute
for actual demand statistics on the population served by a BLHC System, At present
the office of CHAMPUS, through its subcontractors, does not report claims by
geographic area smaller than a state. These records if sampled to estimate
CHAMPUS claims by county or vy zip code and by beneficiary type, can provide an
estimate of the demands served outside a particular BLLHC System,

If planning for a regional and/or specialty center is also required, patient
care requirements for the population at or around such a center, are nredicted.
Then the exogenous demands, such as transfers in, are estimated and the resulting
patient requirements added. These samé demands would, of course, he sub-
tracted from the demands at the referring hospitals.

The health care planner may be bound by policies made at a higher level.
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The fraction of each beneficiary category to be served may be restricted to
something less than unity, and it is outside the scope of this contract to determine
whether all the demand sof the non-military beneficiaries should be served in

the BLHC System, Such parameters must be preseribed by DoD.

Predicting Patir~t Care Requirements

Knowing the number of dispensary visits, outpatient visits, and inpatient
admissions gives some information to the system desigier, but not enough,
Patient care requirements resulting from this demand must be predicted, They
may be derived from statistics on patients treated in the facility itself or in
similar facilities, updated to account for changes in medical technology or
practice. These additional requirements are bed occupancy by level of
dependency and ancillary usage. The average level of dependency gives infor-
mation crucial to determining staffing and support requirements for inpatient
care. Ancillary usage is split into the components due to inpatients and out-
patients; these statistics lay the {foundation for sub-system design.

Since the activities under ward management absorb a large fraction of the
operating costs (fran 15 to 30%) of the study BLHC Systems, the sequences of
care for inpatients are studied in detail. In addition to providing raw data for
aggregation as hard numbers, these sequences give qualitative information to

the system designer.

Patient Classification
At Beaufort and Jacksonville Naval Hospitals data on level of dependency

and ancillary usage by day of stay were collected from medical records selected
at random, A summary of the data collection is in the Data Inventory volume,.
The computerized sorting and tabulating system is described in Appendix 3.1-6;
the detailed reports are contained in the microfiched computer printouts,

To show that these random samples of medical records accurately reflect
the patient mix at the two hospitals, the samples can be compared to statistics
on overall admissions and length of stay. In the data collection, days absent
from the hospital, such as on leave, were noted. They are not counted in the
statistical reporting. A patient was considered to be in the hospital a full day
on the day of admission and discharge.

The sample at Beaufort Naval Hospital was 5 percent of the total admissions
during FY68. The population and admissions for each category of beneficiaries
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arc shown in Table 3.1-7, along with the sample composition., The percentages
of admissions in the sample correspond remarkably well to the percentages of
actual admissions. The sample average length of stay (LOS) for military per-
sonnel, calculated at 29,9 days compares favorably with the 28 days reporied by
the registrar, The average LOS for all patients combined in the sample is 18,6
days as compared Lo the 18 computed [rom data pack information. These checks
show that the sample does in fact accurately represent the patient mix at
Beaufort,

The sample at Jacksonville Naval Hospital was 4, 3 percent of the admissions in
FY68, The sample and actual composition of admissions, as shown in Table
3.1-8, shows a greater variation than does the Beaufort sample, but within
the allowable error of the sample size. The lengths of stay by beneficiary
category for the sample and actual (as determined from data collection at
Jacksonville) show an acceptable variation.

At each hospital data from the medical record was coded by level of
dependency. At Beaufort Naval Hospital physicians presently classify patients
other than infants into five classes: Class V (heavy care), Classes 1. and IV
(moderate care), and Classes I and I (light care). Jacksonville Naval Hospital
does not have a patient classification system. The criteria used at Beaufort
Naval Hospital as determined by physician in*erview and by comparison of the
medical records with the classification were modified and extended for use un
all patients at Beaufort and were carried over to the study at Jacksonville, The
methodology for classifying patients is:

@) Intensive or ICU care was noted whenever a patient was transferred

into and from ICU or CCU, or in the case of newborns, isolette or croupette.
(2) Heavy care was noted whenever any of the following conditions were
satisfied:
® Nursing notes indicated the patient was bedridden;
e Nursing notes indicated respiratory assistance or IV's;
e The patient was admitted bedridden and not yet been noted as walking,
(3) Moderate care was noted whenever any of the nursing notes indicated the
patient had begun to walk and/or had bathroom privileges, but had not
yet satisfied the conditions of light care. All newborns were considered

to be receiving moderate care unless nursing notes indicated otherwise,
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(@) Light care was recorded whenever nursing notes indicated the patient
had been sent on convalescent leave, assigned a task within the hospital
or transferred to the old hospital.

Table 3.1-9 summarizes the length of stay and average level of dependency
at Beaufort Naval Hospital, Infants in the nursery are shown separately. Though
the length of stay and level of dependency vary with disease or condition and age,
the difference between beneficiary categories is most important, The length
of stay for Parris Island recruits was 36,6 days of which, on the average, 21
days were spent in light care, Other active duty personnel showed a similarly
long stay in light care. On the other hand, dependents had short overall
lengths of stay and spent a small fraction of their stays in light care. The same
information for Jacksonville MNaval Hospital, shown in Table 3.1-10, shows
the sume distinction between active duty personnel and non-military beneficiaries
{there are no recruits at Jacksonville).

Since the methodologies for collecting and tabulating the data were the
same for both hospitals, the analyses of level of dependency can be combined.
The average LOS in a level of dependency is approximately equal to the total
length of stay, times the fraction of the stay, in that level of dependency. The
census in each level of dependency is equal to the average daily admissions
times the following figures:

CENSUS IN LEVEL OF CARE BY AVERAGE DAILY ADMISSIONS

Recr A Duty Dep Ad Retir Dep Rt
ICU 0.366. 0.295 0,062 ...0,354 0.243
HEAVY 1.470 0.884 0.742 5.840 1,380
MODCAR 13.600 8.540 5.190 7.620 6.400
LIGHTC 21,200 19.700 0.185 3.900 0.081

Because of the long length of stay of military personnel in light care, where the
patient is fully ambulatory, their requirements are studied in more detail. In

all these analyses, days not spent in the hospital are not counted. The average
length of stay for military personnel in levels of dependency other than light
care was approximately 9.5 days. The average and median length of uninter-
rupted light care immediately preceding discharge was calculated for Parris
Island recruits, and for other military personnel, and adult dependents at the
two hospitals:
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Mecan Mediarn

Parris Island Recruits, no surgery 16 10
surgery 22 15

All other military, no surgery 5 1
surgery 10 7

Adult dependents, no surgery 1 0
surgery 1 0

From the detailed computer reports the major disease or condition cate-
gories in which the length of stay in light care was longest are shown in Table
3.1-11, Based on the above two tables, some observations are:

(1) Patients who underwent surgery, especially recruits, spend more time
convalescing in the hospital than aon-surgical patients,

(2) Adult dependents spend much less time recuperating in the hospital
than military beneficiaries,

(3) Orthopedic and neuropsychiatric patients and patients hospitalized
for external causes and injuries stay the longest in light care,

The disparity of the length of stay in light care between the military and

non-military boneficiaries appears to be due to the following causes:

(1) Military patients do not have as much accessibility to family care at
home as the non-military beneficiaries. This problem is particularly
acute in the Navy, because their enlisted men marry less frequently
than those in the other two services.,

2) Some medical treatments require extended patient stays, for example,
observation for neuropsychlatric disorders and orthopedic therapy.
More military than non-military beneficiaries are treated for these
conditions in the BLHCS.

3) The requirement that a medical board determine the military patientr?®
physical and mental fitness for full duty creates opportunities for
continued stay while awaiting medical or disposition board action,

The average LOS of Air Force military personnel admitted in CONUS
in 1968 was 12.5 days.* In large part this is a reflection of the fact that home
care is more often available. They also have a lower percentage of orthopedic
cases in their patient mix than in Beaufort and Jacksunville Naval Hospitals,

*Source: Medical Record Summary Sheets
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Womack and Walson Army Hospitals often release patients from the hospital
into a Medical Holding Company, which may not reduce the length of time absent
from duty but does free beds, The medical necessity for light care and oppor-
tunities for more efficient discharge procedures have not been studied in detail
here. These results do indicate, however, that these two areas should be
studied further by the services,

Sequence of Cure
The sequence of inpatient oare yields information on the patient care re-

-y O SN SGER S SE—

quirements over a span of days to weeks. This short-term information, if
continuously updated, provides a foundation for allocating staff to the different
wards and ancillary functions. Retrospective averages provide informution
for the system designer. For military personnel, Figures 3,1-18 to 3,1-21
exhibit the total number of patients and levels of dependency for the day of
admission and selected days thereafter, The military personnel show a steady
transition from moderate care to light care after day two. For those patients
who underwent surgery the data suggest that the day of admission is devoted
to pre-operative tests. The non-military beneficiaries, not shown here, show
a monotonic transition from heavy to moderate care or remain in moderate
care for their entire stay. Laboratory and radiology requirements peak on
the day of admission, remain substantial on days two and three, and decline

to low levels on succeeding days. The declining levels of dependency during
the stay show that:

(1) patient nursing care requirements can be satisfied either by retaining fixed
ward staffing and transferring the patient to another ward or by adjusting the
staff levels in each ward to suit the care requirements of the patients.

(2) the heavy ancillary usage on the day of admission, coupled with the -
high level of dependency, requires that the ancillary facilitieec be
fully accessible to inpatients.

Ancillary Usage
Ancillary usage is defined here as laboratory usage, radiology room usage,

and pharmacy prescriptions, Since traffic patterns to and from these locations
depend on whether the patient is an inpatient or outpatient, the sources of
ancillary usage have been split between these types of patients.
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The inpatient medical records collected at Beaufort and Jacksonville show
that most ancillary usage occurs on the first and second days of treatment.
Though these records allow a study of ancillary usage by DOC,* beneficiary type
by day of stay, age, and sex, the number of records in the sample does not
justify such a detailed breakdown. The level of aggregation chosen here is,
therefore, limited to ancillary usage by beneficiary type per admission. The
Beaufort/Jacksonville data on ancillary usage is in Table 3.1-12, More
detailed breakdowns are contained in microfiched medical statistical reports
Nos.3 and 4,

Table 3.1-13 indicates the number of X-rays, lab tests, and prescriptions
resulting from a request for ancillary services. Lab chits from Walson Army
Hospital were analyzed to determine lab tests per request. The number of
X-ray films resulting from a request as well as the number of prescriptions
per admission were determined via interviews of qualified personnel at the
study hospitals. To distinguish the number of fluoroscopic X-ray films from
the number of other X-ray films, expert consultants were queried both on the
requests per admission and on the number of films per request. For out-
patient visits, existing records did not allow the data collection to determine
ancillary usage either by beneficiary type or by clinic, Requests per visit
and films per request for fluoroscopic and other films were elicited from con-
sultants, Figures for prescriptions and lab tests per visit were taken from
management data prepared by HQ USAF (AFMSHC) for FY67, taken from man-
agement reports RCS:IR (AF)M-219 and -220,

These ancillary usage data have been assembled to demonstrate that the
numbers required for the Demand Model can be found. These numbers, however,
should be refined before the Demand Model is applied to an actual BLHC System.

Estimating Bed Needs
The required number of beds in a facility depends both on the average

census and on the fluctuations in that census, If the fluctuations are wide, then
it is necessary to have a greater number of beds unoccupied on the average
to ensure the availability of facilities when demand is high,

Currently, hospitals have been designed using a desired bed occupancy
rate of 80 percent, With a probability approach, the chances of the bed oc-

cupancy reaching the number of active operating beds (authorized) is set at a suitably
*Disease or Conditiun
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TABLE 3.1-12

1
INPATIENT ANCILLARY REQUESTS PER ADMISSION
Active Dep. Dep.
Recruits Duty A.D, Retired Retired
)
ITematology ™ 1.4 1. 1.1 4,4 B, /5
Urology3 1.2 1. 1.2 2.1 1.2
Other " 1.3 1. 0.9 4,2 2,7
Radiology-Major 0.4 0.4 0.1 0.7 0.1
Radiology-Minord 0.6 0.4 0.4 0.6 0.4

1.

9

~e

Combined Beaufort and Jacksonville Naval Hospital Medical Records

Any test or combination of tests noted on Standard From 514-B, including:

a. White Blood Cells e.
b. Differential Count f.
c. Platelets g.
d. Sedimentation Rate h.

i.

Red Blood Cells
Hematocrit
Hemoglobin
Bleeding Time
Coagulation Time

Any test noted on Standard Form 514-A, including:

a. Reaction d. Sugar
b. Specific Gravity e, Acetone
¢. Albumin f. Bile
Standard chest film(s).
Any other radiological procedure.
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INPATIENTS

Fluoroscopic
Other X-ray
Lab Tests

Prescriptions

OUTPATIENTS

Fluoroscopic
Other X-ray
Lab Tests

Prescriptions

TABLE 3.1-13

ANCILLARY USAGE

Requests
per Visit on
Admission

0.1
0.6().

4.5

8.0

0.005
0.13

0.9

Films/Tests
per Request

10
3.5
0.6

1. Project Consultants

2. Beaufort and Jacksonville Medical Records
3. Lab chits from Walson A.H.

4, Tests/Visit USAF Medical Management Data
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low figure. ‘Fhe method is to find the statistics of bed occupancy and to deter-
ntine the desived probabiiity thatoccupied beds wiil not exceed the operating
beds.  From the statistics come the corresponding number of operating beds.

Then statements are mide about the fluctuations in demand for heds under
the assumption that requests for admissions are independent of cach other and
oceur at some average rite A admissions/day (Poisson distribution), Though it
is possible to distinguish between elective and emergency admissions for pur-
poscs of scheduiing, ! fiuctuations in census are studied under the assumption
that admissions are cither accepted or referred elsewhere.

The overall model for studying fiuctuations in census is that of a stream
of patients for whom admission is requested arrivine iindependently of each
other at some average rate, The hospital 1s modeled as having an infinite
number of beds and the statistics of the occupied beds are sought, Though
no hospital has an infinite number of beds, the number of operating beds is
usuialiy sufficientiy greater than the average census, so that the tail of the
distribution of occupied beds can be conveniently approximated with this
assumption,

The next important statistical quantity is the length of stay within the
hospitai. The length of stay is a random quantity, which can be statistically
characterized, A convenient simplifying assumgtion is that the distribution
of length of stay is a negative exponential, /le.‘ . Using this assumption the
number of occupied beds can be analyzed by the method of bitéh-and-death
processes in queueing theory to yield 253 the distribution of the number of
occupied beds in the steady state by a Poisson distribution Probability (n beds
occupied) = e'm '?"’7. when m *44 the average census, Such a result has
been widely used previously? as a basis for determining the number of hospital
beds for a facility.

What is not widely known is that the assumption of negative exponential
scrvice time can be relaxed if the time axis is discretized. Consider time

Iyoung, J.P. "Stabilization of Inpatient Bed Occupancy Through Control
of Admissions, ' Hospitals, J.A.H.A., Volume 39, No. 19 (1965).

2!’ elier, W. An Introduction to Probability Theory and Its Applications,
ard ed., Vol, I, John Wiley & Sons, New York, 1968, pp. 460-461,
3Parzcr, E. Stochastic Processes, Holden-Day Co., New York, 1962,

4Roscnlh.'ll, G.D. "The Demand for General Hospital Facilities, " Hospital
Monograph Series No. 14, American Hospital Association, Chicago, 1964,
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measured by non-zero intervals, for example, by days. Patients are assumed
to be in the hospitai during the entire interval. As before, the number of
requests for admission within a time period is considered to be Polsson -
distributed with average number X /period. The distribution of length of stay is
assumed to be zero after some finite number n of time periods, but may be
otherwlise arbitrary. Then by using moment-generating technigues it can he
shown? that the distribution of the number of patients occupying beds during

a time intcrggll is Poisson distributed with average length of stay m given by
m= X =" (1-Fsi)

where Fg (i) is the probability of staying less than or cqual to i time periods
(cumulative distribution function). This result shows that the Poisson distri-
bution for census has more generality than previously realized, and in part-
icular may be used for a nearly arbitrary distribution of length of stay.

It is significant to compare the number oi beds computed by this method
with the 80% occupancy rate rule. The variance of the Poisson distribution
is such that the higher the average census, the less, relatively speaking, the
fluctuations in census. Figure 3.1-22 plots the number of operating beds as
a function cf average census for the 80% occupancy and for probability 0. 99
(99% confidence level) and . 999 that the demand for beds does not exceed the
operating beds. From this graph it can be seen that for an average census
greater than 100, the 80% occupancy rate leads to an oversized facility, Con-
versely for fewer than 100 beds, the 80% rule results in an undersized facility.
The cross-ovér number will vary depending on the confidence level chosen; for
a 99.9% confidence level it is an average census of 150.

The result is applied in determining the number of operating beds for
each level of dependency. The designer sets the highest confidence level for
beds in the highest level of dependency, for example the ICU, with successively
lower probabilities for the lower care levels, 6

In existing BLHC Systems, the census averaged by month, shows a yearly
cycle due to the influx of admissions for upper respiratory infections (URI)

YAvi-itzhak, B., Benn, B.A., and Powell, B.A. "Car Pool Systems in
Railroad Transportation: Mrthematical Models, " Management 8cience, Vol, 13
No. 9, May 1967, pp. 694-711,

6Flagle, C.D. et. al. "The Progressive Patient Care Hospital," U.S.
Public Health Service, Dept. Health, Education, and Welfare, Pub, No, 930-C-2
Washington, D.C., 1963,
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Operating Beds

1000,
900
800
700
m.
Sm,.
400
300} N L25N 9% 99.9%
0 6 66 13
h 00 125 123 132
200 15 187 178 188
%0 312 286 299
500 625 551 569
100 750 940 812 8%
O 0 20 3™ a0 500 &0 700 750

N, average census

Fig. 3.1-22-Operating beds vs average census N for 80% occupancy (o),
99% confidence level (o) and 99. 9% confidence level (a)
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from January through March. At Walson Army Hospital, the yearly variation
in URI admissions is three times greater than the variation for all other
admissions. A similar disparity in yearly variation is true for the Air Force
(Biostatistical Report, 1967), Since URI patients typically receive only light
care, the comparison shows that this probahility method may be applied
straightforwardly to the areas designated for the higher levels of dependency.
The areas devoted to light care must be sized with the yearly variation in URI
admissions included.

CONCLUSIONS

The planning problem addressed in this chapter is that of determining
the patient care requirements at a BLHC System. Two alternatives have been
assessed on the basis of prediction, rationality, and feasibility.

The method of historical workload allows saturated health care facilities
to perpetuate themselves as such. The comparison of demand ratios at the study
hospitals with corresponding statistics from other heaith care systems and
CHAMPUS shows that the BLHC System does not entirely serve the demands
of the non-military beneficiaries. \While this result may be partially explained
by existing DoD instructions or by constraints on funding, it does indicate unmet
demands and by inference, unmet health care neecds.

As a method of determining patient care requirements hased on population
projections, the Demand Model is superior to historical workload on the grounds
of prediction and rationality. The numbers generated from the data that were
made available demonstrate the feasibility of the Demand Model.

The Demand Model begins with demography of a base's mission, regional
factors, and a projection of beneficiary populations. For inpatients, the output
is admissions, census in each level of dependency, and ancillary usage; for
outpatients, it is visits by major specialty clinic and ancillary usage.

At its present state of development, the more aggregated numbers
have wider immediate applicability than the detailed numbers. Existing sources
of data on BLHCS populations have been shown. Reporting or sampling of
CHAMPUS claims by small geographic areas will also allow determination of
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unmet health care demands of the non-military beneficiaries. To further refine
the Demant Model, data cotlection in existing BLUC Systems should be undertaken
to improve the present number, and extend the structure to show ancillary usage
by tevel of dependencey and by specialty clinie visit,

In apptving the Demand Model to a specific BLIC System, data must be
collected on patient dependercey, clinie distribution, and aneillary usage to dis-
cover the details of medical practice for that facility. Moreover, before the Demand
Model 1s applied to specific  BLUC Systems, the traction of the potential
non-military heneficiary demand that the Department of Defense wishes the
BiCS to serve, must be determined. Special demands, such as AeroVac holding
and transfers, are added into the demands from the population at and around the
BLHC System,

The Demand Model appears equally applicable to planning for regional
or specialized health care facilities. 1n this case, the amount and types of
demands falling within the scope of the center are determined by the
health care planner. For each type of demand, the inpatient, outpatient, and
anclllary patient care requirements are determined from studies of existing
facilities as ratios in the tree structure shown on page 3.1-29, The Demand
Model then operates on the amount of each type of demand to arrive at the
overall patient care requirements.

In summary, the Demand Model has been shown as a feasible and
superior alternative method for planning in a BLiiC System. For an entirely
new BilIC System, the Demand Model allows by simple computations a pre-
diction of the paticnt care requirements from a base's mission and projected
population. In the more common case of & proposed expansion of a BLiiC System,
methods to better define the population at a BLHC System have been shown and
the demands not met at the B3i.HC System may be determined. Once a decision
has heen made as to the fraction of each heneficiary category to he served, the

same computations are used to arrive at the predicted patient care requirements,
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RECOMMENDATIONS
RECOMMENDATION
(1) Replace historical workioad as the
basis for planning by a mcthod

based on population:

2) Refine Westinghouse Demand Model:

(3) Utilize and investigate existing duta
sources to determine population
around a Bi.HC System:

(4) Require the subcontractors to
CHAMPUS to report on regquest
CHAMPUS clzims by zipcode

SHORT TERM R&D (< 18 MONTIHS)

TASK

(1) Collect and analyze more data on
ancillary usage, by level of depend-
ency and by specialty outpatient
clinle:

(2) Investigate the medical and admini-
strative features of light care:

(3) Conduct sampling to determine age-
sex breakdown of non-military
beneflclaries in BLHC Systems:

(4) Investigate In-depth data sources for

finding population around a BLHC
System;

(5) Large scale sampling of medical
records to determine patient care
and health care requirements by
major disease or condition as well

as by beneficiary type;

OBJECTIVE
Better prediction of patient and

health care requirements:

Better tool for predicting patieat

and health eare vequirements:

Utilize additional sources of data
available and tmprove data for
planning on the basis of population:
Determine unmet health care demands

around a BLIC Syster,

OBJECTIVE
Better numbers for the Demand Model,

and more detailed structure;

Better definitions of organization

and facillties for actlve duty military:
Determine variation in age-sex break
downs and facllitate comparison of
utilization with civilian health care
systems;

More definite input to Demand Model:

Extend applicability of Demand Model
to regional planning:
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(6)

(M

(%)

Sampling of patients and interview of
physicians to determine criteria for
schedulability

Implementation on 2 wrial basis ot
predicting shore term (3 week orv
less) patient care requirements,
Organization and functional structure

of OPD

LONG-TERM R&D (> 18 MONTHS)

(1) Study means of implementing total

health care record -- inpatient and

outpatient combined,

Improved ability to schedule while

meeting patient care requirements;

Improved utilization and staff scheduling

within the facility,

Inverse taroughput, output and opera-
tional effectiveness of staff, services

and facilities,

Permit following sequences of care
on a sample basis to suggest improve-
ments in medical practice,
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3.2 Systems Design Concepts

INTRODUCTION
The Westinghouse consortium has senerated a new design logice which is
responsive to the needs of the DoD in design .. construction and operation ot BL!'IC Systems,
This logic is based on a systems analysis of the BLHC System developed against
a background of intense interaction with all the multi-disciplinary professions
represented in the consortium. The group developed a sound understanding of
the overall medical, planning, and operational needs of both the BLHC System
and civilian systems when, as part of the analysis, thev helped to characterize
the existing BLHC System as well as generate a portion of the state-of-the-art

survey.

TECIINICAL APPROACH

The technical approach for the development of the design concept task

focused on fulfilling the following specific objectives for the DoD:

(1) Define the optimal BLHCS configuration and supporting systems for
a given beneficiary population, mission, and geographie loeation.

(2) Project the performance requirements for the system in terms of
life eycle changes in demands and operational requirements; define
the capabilities and flexibility required to permit response to
changing demands.

(3) Identify the most effective funetional organization for the BLHC
System components in terms of horizontal and vertical interre-
lationships for the optimal configuration adjaeencies.

(4) Determine the characteristics and support systems required within
the sub-system components to aczept the day-to-day operational
variables in terms of loading and levels of patient dependency and

to be capable of responding to changing life eyele demands.
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(d) IHlustrate and apply state of the art technology concepts to the BLHCS
requirements to generate improved life eycle capabilities at reduced
life ¢vele costs,

These results provide the framework towards implementing the next step
of designing, constructing and operating the ""New Generation of Military Hospitals' for a
specifie base location.

The general steps in the technical approach parallel the other study tasks
and include:

(1) BLIC System characterization

e Operational and functional characteristics
® Sensitivities
e Problems
2) Improvement analysis and general . »sign concepts
e Criteria for improvements
o Illustration of objectives
® Results and conclusions

(3) Improvement recommendations and design concept application

® Application and evaluation of results
o Sensitivity analysis
® Recommendations,

The design methodology and analytical tools for planning BLHC Systems are
general enough to absorb thc broadest set of variables. The organization and
components of the BLHC System must be decompssed to permit simultaneous
analysis of the system's elements at all levels of activity for both functional
and physical implications. The BLHC System was characterized for analysis

as follows:

(1) The Functional Systems include all the activities relating to inpatient

and ambulatory patient care, as well as clinic and service support.

(2) The Audi! Trail for definition of requirements leads from the gross

resource description (Macro) of the demand model output to the
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actual spacz and environmental requirements for the unit of activity,
such as the patient capsule and the physicians' work station in the
clinics (Micro).

(3) The Physical Systems include the movement and communications

elements, the adjacency organization of BLHC components, and the
physical sunport systems which become organizing elements for the
overall BLHC Systems, as well as the smaller scales of activity.

(4) The Macro System represents the system's aggregation into its

major organizational components and permits the manipulation of
these components into alternative organizations for evaluation.

(5) The Micro System represents the individual units of activity aggregated

into their functional elements and related to the movement and
communications of the BLHC System.

The methodology permits the analysis of any part of the BLHC System to
the level of detail indicated within this interrelated framework. The analysis
was, in fact, focused on those components and activities identified as problem
areas in the data gathering effort and where potential improvements could be

realized within the project cost/benefit framework.

BLHC SYSTEM CHARACTERIZATION

The overall character of the BLHCS has already been described in the
introduction to the analysis. Further refinements of this characterization,
however, are required in those areas of medical practice, state-of-the-art,
anc, operations which specifically impact on design and construction. The major
data sources for the Data Gathering and Work Sampling Study Teams were:

(1) On-site visits to primary and secondary BLHC Systems as well as

civilian hospitals;
(2) Discussions and working sessions with other members of the consortium;

(3) ‘State-of-the-art surveys.
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The Medical Health Care Team Report and lealth Care Trends

The Medical Health Care Review Team report discusses the facility
observed in the three primary study hospitals (Beaufort, Andrews, Fort Dix).
Because these BLIIC Systems are ten to twenty years old, Team findings were
supptemented by on-site visits of the newest BLHC Systems. Most of the
specific facilities recommendations of the Medical Health Care Review Team
are incorporated as elements of the configuration improvement concept;
these will be highlighted in the systems application sections.

In addition to the Team recommendations, expert consultants through-
out the country gave their opinions of future trends'in their fields in an attempt
to determine the following:

(1) New services which might be required from the BLHC System.

(2) Services which might be eliminated due to medical advancements.

(3) Changes in practices and techniques in procedures such as surgery

and radiology,

(4) Technology changes in laboratory tests and requirements for new

tests,

(5) Changes of management and staffing patterns including new health

professional and technical personnel,
The resulting trends were arrayed by their impending impact on the BLHC System
by 1972, 1975, or 1980, and by their impact on the various activities, including
inpatient, ambulatory, clinical support, and service support. The following
list of trends has direct impact on planning, design, and future dynamics of

—

the BLHC Systems:

1972 1975 1980
(1) Graduated care within nursing unit. X
(2) Greater use of ward secretaries as
ward managers. X
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(4)

(®)

©)

(10)

(11

(12)

(13)

14)

po1 )

1972 197!

Triagc as tic point of entry into

the health care systein; OPD hccomes

the diagnostic and referral centcr. X
Incrcased use of ambulatory care

centers inside and outside the

composite facility. X
Outpaticnt surgery. X

Use of disposable surgical operating

units. X
Dcvelopment of automatic X-ray

equipment (setting of controls and

cxposure time). X
Use of remote control fluoroscope

equipment. . X
Stapling in place of sutures to speed

up surgical procedures (some by 50

percent), X
Increased patient education (preven-

tive medicine) in waiting rooms and

elsewhere. X
Availability of new vaccines eliminating

mumps, measles, and meningitis.

Increased longevity due to heart valves

and other technology (pacer implants,

dialysis, etc.) with need for new services.
Multiphasic testing directed toward special

age groups or possible disease conditions,

Centralized medical records storage for

data such as admissions and abstracts.
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1972 1975 1980
15) cComputerized branching, automated I
techniques in clinical laboratory
leading to logical surveillance of [
tests being automatically performed. X

Since the trends related to 1972-75 affect the BLiICS design directly, the
Medieal Team evaluated their appropriateness for Bi.HCS application., The
trends in the 1975-50 time frame relate primarily to future guidelines and
criteria tor design. For example, a significant reduction of time per surgical
procedure has a direct impact on the number of suites for a given size System.
Degrees of automation in clinical laboratories will affect the size and equipment
of future laboratory design. Identification of these trends allowed the Design
Team to consider the implications of these changes and to ensure that the entire
system (or major elements) will be responsive to these changes.

After the data and the linkages were understood and quantified, the system
was slmulated as a function of time to reflect new demand dynamics, changed
utilization policies, or changed health care trends. For example, changing
health care trends and utilizations can be illustrated in the life cycle of the
older BLHC Systeims., Outpatient departments are traditionally ancillary
services within a hierarchical health care system oriented to inpatient care.
Current BLHC Systems reflect the trerd toward increased ambulatory service
demands (Figure 3.2-1). Future systems (Figure 3.2-2) will reinforce this
trend with the availability of increased diagnostic and treatment services, such
as outpatient surgery and the introduction of preventive medicine or family

clinics for civilian components of the beneficiary population.

BLHC Study Team Data

Data elements developed for the three sizes of BLHC Systems include:
(1) Patient Flow '

® Into the system (scheduled, unscheduled)

e Through the system (sensitive, non-sensitive)

3.2-6



G 20 AN 20 TR caase

-

TRgoggs nano

I
SISONOVIQ ¥ : IN3WIV3UL HONIW | 3NIOIOIN
ANJWIV3LL HOPVW | PSISONOVIQ |  3ALLN3AIYd
IN3LYNI | AN3LVALNO |

SISONOVIO® | INIWLV3HL HONIN I 3NIDIgaN
ANIWLVIHL HOFVIN | ¥ SISONOVIQ | IAILNIAINd
IN3ILVANI | IN3ILVdLNO |

3. 2-7

Figure 3,.2-1 — BLHC Configuration Alternatives

Figure 3.2-2 — BLHC Configuration Alternatives,

Traditional Ratio IPD-OPD

Future Ratio ITPD-OPD



(2) Staff Flow
° Physician
) Nurse
] Parvamedieal
(3) Communications Flow
() Volume (per day, per month)
® Nature (patent care, administrative, housekeeping)
e Origin/destination
() Urgency (patient care urgeat, important, routine)
e Mode Mand-arried, telephone, other)
() Materiel Flow
® Reguirements (by department, by volume)
) Frequeney (scheduled, unscheduled)
e Time of day
These flows represent the major activities and dynamics of the operation
of the BLIIC System. The ability to quantify these flows cnables the designer
to analyze the linkage interrelationships and assign the appropriate performance
characteristics to each link. The next step in the process aims at improved

adjacency relationships and operational characteristics. Potential demand

changes and syvstem sensitivity can then be evaluated in terms of potential demand,

dvnamics, and changing utilization policies or health care trends.

Patient Entry

The BLIIC System can be defined as the demand/resources interface
where health care demands of the beneficiary population are served by the
BLHC resources (Figure 3.2-3). The most important element in the BLHC
Svstem is the patlent flow into and through the system. The entry of the patient
triggers the application of system resources including equipment, staff, facilities,
and management.  i2ach patient entry results in demand for a sequence of care;

this care varies according to the level of patient dependency.
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Figure 3.2-4 relates patient entry and condition to the specific facility
clements of the BLHC System. By assigning patient data to each branch of the
decision tree, overloads and misuse of specific elements of the systemean be
identified. Further data analysis indicates the ability of the system to be
scheduled and regulated if the appropriate level of resources match the heaith
care demand generated by the beneficiary population. However, in the absence
of resources to meet the demand, scheduling restrains the system and is cir-
cumvcnted by the non-scheduled entry of patients into the emergency or walk-in
clinics. This placer the primary demand on sorting functions with further un-
scheduled impact on the treatment and diagnostic activities.

Figure 3. 2-5 illustrates the entry of the beneficiary ; pulation into the

BLHCS3. This diagram directly relates to the capabilities and input/output functions

of the Westinghouse Demand Model by which any specific BLHC System can be
modeled given the base mission and beneficiary population. The input/output

function dcfines where patients enter the system: that is, to ambulatory services

or to the various inpatient levels, Based on these data the demand en the ancillary

services (diagnostic and treatment facilities) such as Radiology, Clinical Labora-
tory, and Surgery can be: deflned in numbers of procedures and tests by inpatients
and outpaticnts. To further characterize system needs, these services can also

be expressed as demand by type and frequency of patient care episodes.
The flows within the BLHC System are further analyzed to show patterns

of interaction between departments and resources. The data gathering effort
has provided the following information:

(1) Ambulatory inpatient admissions

(2) Ambulatory inpatient flow

(3) Emergency admissions

(4) Inpatient flow of a sensitive or urgent nature

(5) Inpatient flow as a function of patient care sequence from intensive

to light care.
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Figure 3.2-3 - Base Level Health Care System (BLHCS) Definition
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Fach of these flews generates requirements for functional relationships
and the availability of vesources and services at each funetional location, The
degree of urgency with which the patient and resources must be brought tozether
a1re the faetors which influenee the response at the functional levels. The orginization
and tfunctional relationships of the tlow of staff, communications, and materiel
define the primary zones of activity for the BLHC Svstem,
These zones relate to the patient care and service activities as tollows:

(1) The ambulatory zone contalns all elements of ambulatory services

for outpaticits, the diagnostic and support services which serve
both inpatient and outpatients, and the Emergency Department,

(2) The medjcal professjonal zone contains areas requiring the most
complex technology for patient care areas sueh as Surgery, Delivery,
Intensive Care, Coronary Care, Nursery, as well as elements of
nrofessional administration and Fdueation and Training,

(3) The inpatient zone is defined by levels of inpatient care from acute

and heavy to light care,

(4) The service zone houses the support elements such as Dietary, Ware-

housing, andHousekeeping.

(5) The mechanical zone contains the major mechanical services required

to maintain the BLIIC System,

In Figures 3.,2-6 through 3.2-8, the inpaticent flow patterns of the three
primary study BLHC Systems reflect the flows into the functicnal areas of the
various zones. The patient flow volumes represent annual flows between zones,
These data can be readily interpreted into appropriate units of time per day, time
per day, time of day), which, for example, canbe ielated to queuing In the
Radiology Department and the specialty clinics, vertical transportation require-
ments for ambulatory Inpatients at meal time, and the sensitive patient flows
from the inpatient zone to surgery.

The diagrams illustrate a unique system characteristic in which a large

ambulatory inpatient flow to dietary and treatment facilities places & signitican

) 8]
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demand on the vertical transportation capability. Since the patient goes to the
service instead of service being brought to the patient, a tradeoff results in the
materiel handling requirements. However, the character of the system can
change during its life cycle; Malcolm Grow Hospital, for example, has a more
acute inpatient population with a correspondingly lower inpatient ambulatory
flow. Design, therefore, must be capable of responding to such changes in
life cycle characteristics.

The first steps toward the new organizational logic for the improved BLHC
Systems design are:

(1) Structuring data into redefined major zones,

(2) Relating vertical and horizontal adjacency relationships of the

functional areas to flows,

Staff Flow

The staff flow data were used to refine the discrete adjacency relatiorn-
ships of the functional elements of the BLHC System. These data also related
directly to communications flow, since the BLHC Systems studied primarily
used hand-carried communications, which create staff flow requirements.
Staff flow data, by type of staff, were based on work sampling and observations
in the primary study hospital, Detailed movements of each type of staff were
noted to and from each major functional area and were refined to develop move-
ment data within the elements. Technology, as a function of time, was further
superimposed on the patterns of staff movement. Information trainsmission
through various electronic media should reduce much of the volume staff flow,
and adjacency relationships derived from the present staff flow patterns may
not need to be fixed throughout the life cycle of the BLHC System. However,
the activities zones within which the movement of highly skilled personnel can

be optimized will remain constant,
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Communications Flow

To characterize all important communication flows in the BLHC System,

data were generated on the following:
(1) Origin and destination
() Mode of communications
(3) Urgency
(4) Purpose
(5) Valuc and cost,

These data were arrayed in several forms; thamost valuable for design
is illustrated in Figure 3,2-9, This diagram show, .c number and type of
communications observed during one month for the Oitpatient Clinics at Andrews
BLHC System. These data are also arrayed in a more complex form showing
the purpose, urgency, and volume of communications in Volume V, Data
Inventory of this final report.

By correlating the data across the three BLHC Systems, the high volume
links between cach functional element weredefined ; these, in turn, were useful

in refining the adjacency requirements for the system.

Materiel Flow

The materiel flow patterns for facilities in both primary and secondary
study systcms were characterized by the Sybron Corporation; the methodology
is described in a separate report on distribution systems. Materiel flow activ-
ity plans, derived from these data for three sizes of inpatient systems (250,
500, 750 beds) were further refined by testing the sensitivity of the activity
plans for different mixes of inpatient care levels. Figures 3.2-10 and 3.2-11
illustrate the differcntial between the activity summary for a 250-bed facility
with a ""normal" inpatient population and one with a 50 percent ambulatory
inpatient population. The heavily ambulatory system shows a 10.6 percent
reduction of trips per day and a 13.4 percent reduction in the volume of cubie
feet of materiel. Dietary aceounts for 80 percent of the reduced number of

trips and 94 percent of the reduced volume. Even with this reduction in trips
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and volumes, dietary remains the highest generater of materiel handling ac-
tivity observed across the BLHC Systems. In Tables 3,2-1, 3,2-2, 3.2-3, the
five largest generators of trips and volumes are summarized by levels of in-
patient size, showingone-way trips, and cubic feet of volume percent for

departures and arrvivals,

TABLE 3.2-1

One=-way Trins Per Day ()

250 Beds H00 Beds 750 Beds
Functional Element Functional Element Functional Element
Dictary 9.4 Dictary 10,4 Dietary 11,
Linen 6.3 Linen 7.0 Lincen 7.7
Maintenance 4.6 Maintenance 4.3 General 3.7
Surgical 1.6 Laboratory 3.8 Supply
F— Trash 3.6 Tk i
Mcediceal 4.4 Maintenance 3.6
Patients

TARLE 3,2-2

Volume by Cubic I'ect per Day (%) - Departures

— —————s e n . - e

Dietary 15,1 etary 15,6 Dictary 16,6
Linen 8.8 Iincon 9.1 Linen 10,1
Surgical 5.4 Gereral 4.8 General H.4
Patients Supply’ Supply
General 5.1 Surgical 3.1 CSS 3.3
Suppl Paticuts _
pply - Surgery 2.8
Medical 4,8 Medical 3.1
Patients: Patients




TABLE 3,2-3

Volume by Cubie Feet per Day (7) - Arrivals

250 Beds 500 Beds 750 Beds
Functional Element Functional Element Functional Element
Linen W 7 Linen 13. 4 Linen 14.0
Dictary 8.9 Dietary 9.7 Dictary 9.9
Trash 89 Trash 6.1 Trash 6.7
Surgical 0.3 T'ood Waste 4.6 Food Waste 5.2
Patients
CSS 4,6 CSS 4,8

Food Waste 4.8

Figurc 3.2-12 further refines this summary by a definition of the

tvpe and nature of the trip.

The key to interpret these summaries is as follows:

D

Type 0 trips are one-way trips which originate with a full or empty
container, make a eircuit of dcliveries or pickups to successive
destinations, and terminate at the point of origin with an empty or
full container. An example of this typc of trip is a pharmacy delivery
or laboratory sample pickup.

Type 1 are two-way trips which originate with a full container and
terminate at the point of origin without a container; for example, a
dictary ‘lelivery from the kitchen to the inpatient areas.

Type 2 trips begin with a full container and terminate at the point

of origin with an empty container. An examplc of this two-way

trip is a linen delivery. A refinement of this trip type which
converts it to two type-3 trips (two productive one-way trips), is the
delivery of a full container with clcan linen and its return with soiled

linen,
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(1) Type 3 trips originate with a full container and terminate at the point
of origin with a tull container; for example, an exchange cart system
for linen or dietary.  This counts as two productive one -way trips.

The activity per trip type tor a 500-bed BLIIC System is summarized in

Figures 3,2-13 through 3.2-1u,

Planning and Design Process

The present planning and design proeedure is a two-stage process. For
each service, health care planners present resource requirements calculated
for a specitic new BLHC System or desired requirements for upgrading an
existing system. ‘These resource requirements, stated as systems capabilities
(such as number of beds, outpatient visits, and ancillary usage each year) have
been caleulated to mateh the health care needs of the population. These require-
ments are generally stated as a "static' quantity, representing the best estimate
of demand,

The taeility designers then convert each system capability into a detailed
space program to be alloeated to this element according to extremely detailed
data in the current eriteria. This space program relates the capability required
(number of visits per vear to a specialty clinic) to the individual components of
that element through a set of performance criteria (the size and number of
physicians' offices and examination rooms related to the average number of
clinic visitors a physician attends per year). All supporting activities are
aggregated within this system element (including the waiting, dressing rooms, .
toilets, and storage) based on the formulae in the criteria. All elements are

then aggregated into a total statement of net space. In addition, certain factors

3

are added to account for wall thicknesses; circulation between and in sysiem

elements; and mechanical, electrical and heating, and ventilation and air conditioning

o

(HVAC) machinery spaces. The latest average cost per foot for hospitals
currently allowed in the military is applied to this aggregation, creating the

basis for a budget line item in the DoD requests for congressional funds.
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Assuming that Congress approves this item, an architect is selected to
exccute a detailed design for construction. The architect is given the space
program, budget limitations, and a design narrative containing some guide-
lines and data clarification, e may not hbe aware of the potential change and

growth requirements which may have impact on the system,

The entire process to occupancy may take five to seven years, during
which time perceived demands may already have exceeded the System's cap-
ability and the nature of the demand may also have changed. 1t is recognized
that the present method of planning, programming and construction is hevond
the control of the operating agencies, and subject to the constraints of executive
and legislative proeedures. Specifically, the time lag which is tied to congressional
and committee reviews creates uncontrollable cost changes due to escalation,
Similarly changing demands may not be adequately recognized in the line item
which fixes the scope and cost of the project early in the cycle. The present
process, therefore, is not sufficiently flexible to recognize changed program
requirements during the elapsed time. The net result is a facility which may
match the needs of initial demand and may he built for the budgeted first cost.
Since it has been designed with inadequate data, however, certain operational
constraints typically appear soon after occupancy.

Current BLHC systems have little capability to respond to these changes
in requirements. They are equally insensitive to changes in demand caused by
medical practice, such as increased demand for greater diagnostic assistance
for a given disease incidence. More capability has generally been obtained by
expanding into less essential adjacent space or building additional space. Large
scale growth to accommodate mission changes has presented similar problems.
Growth generally means disruption . within the existing facility and a displace-
ment of the original functional relationships. This often requires duplication
of existing facilities resulting in higher operating costs.

In support of the data collected from primary and secondary BLHC
Systems, additional data on all the CONUS base level facilities were obtained.
The majority were found to have undergone extensive changes and growth during

their life,
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Identifieation of Problems

Based on the eharaeterization of the BLHC System, the following major

problem areas have been identified in faeilities design:

a)

(@)

3)

(4)

()

Present faellitics are designed at a fixed point in time for a statie
program without specific eapabilities to absorh ehanging and growing

health earc demands. A need exists for more aceurate forecasting

of health eare requirements and the impact of ehange and growth on
the design eonfiguration.

The eurrent design proeess does not have the benctits of an extensive
operations anaiysis of the BLHC System and, therefore, is not
supported by an extensive data base. As a result; cach System is
foreed to depend on the eapabilities of eaéh Individual designer,

his pereeption of the operational requirements of that system, and
his sensitivity to the speeific problems of the miiitary health eare
delivery system.

The planning, programming, and implementation cycle is too long
and too sensitive to delays beyond the control of the system. The
delays not only result in ehanging operational and demand character-
istics but also In increased eosts or reduced capabllity. The emphasis
on least first cost results in compromises of operating efficiency
and future capability. This ultimately ieads to increased life cycle
cost In both operations and acquisition costs.

The funetional space program is only one of the essential elements

of design instruetion. A eomprehensive statement of current and

future performance requirements for the total BLHC System as well
as the individual sub-clements must support the program or the

future eapabilities and periormanee of the facility will be limited in
terms of its response to new demand charaeteristies. The techno-
logieal alternatives for various support systems must also be considered
against life eyele eosts and benefits.

Time is the most eritical element for all of these probiem areas,

sinee exeessive elapsed time during planning and design results in

Em R aey

ehanged requirements and available resoureces.
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OBJECTIVES FOR THE DESIGN CONCEPT
Aftcr studying the design and construction processes used to generate

the present BLHC Systcms and identifying the major problems te be solved,
three primary and seven corollary objcctives in support of the primary objcctives
were dcvcloped:

Primary Objcctives

(1) A design logic which is itself a major improvcment alternativce to
the prcsent method; its usc and impact will bc assessed against
the variety of demands placed on the System over its life cycle,
independently of other proposed alternatives.

(2) A design capable of responding to the performance requircments of
the BLHCS for operational and life cycle system dynamics.

(3) A framework for testing the sub-systems and operational improve-

ments alternatives being considered for thc BLHCS.

Corollary Objectives

(1) A design logic which results in a facility based on an understanding
of the major flows of patients, staff, materiel, and communications

within the overall system and allows for optimizing these flows,

(2) A design logic which uses the quantifiable time and distance relation-
ship, both horizontally and vertically, between different levels within
the system to facilitate analysis of inter- and intra-element alterna-
tives.

(3) A design logic capable of accepting a wide variety of system elements
to match the needs of the BLHC System.

(4) A facility built as a result of this design logic at an initial cost
comparable to that of an equivalent conventional BLHC System with
a demonstrable life cycle cost saving over the conventional facility

even when responding to the system's changes and growth,
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(5) A design logic to achicve the following growth:

o Inpatient Arca

250 beds initially, 200 percent expansion

500 beds initially, 100 pereent expansion

750 beds initially, 25 percent expansion

This general framework of growth requires a design concept
capable of a range of initial configuration options to satisfy

any system requirements within the 250~ to 750-bed BLHC Systems.

e Outpatient Arca and Clinical Support Services

Arcas capable of diserete and unique growth related to cach
function, in rcsponsc to accelerated or changing demands.
Maximize the adaptability of these functions by providing
faeilities which arc as universal as possible in their health
carc applications, frce of fixed physical constraints, and
flexible enough to usc staff and equipment in varying combina-
tions. This growth must be achieved within the organizational
rclationship of the initial facility, and ensure that those rela-
tionships which are forced to change will not impair patient

care or high operational cost elements.

(6) A dcsign logic capable of using a variety of construction technology
including off-the-shelf tcchnologies and selected applications of local
materials and practices.

(7) A design logic less sensitive than the present process to the follow-
ing issues:

e Errors in the statement of health care demands without major
mission changes.

e Changes in technology.

e Changes in the praeticc of medicine.

e Changes in utilization policirs.

e Changes in major missions requiring alteration of the

former popluation mix and size,
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MEASURES OF EFFECTIVENESS

As outlined in the introduction, this study identifies two measures of

effectiveness -- prospective and retrospective. The ability to achieve these

objectives using study outputs must be compared to observed current performance

in the present BLLHC System. The results of using conventional methods to achieve

an objective must be estimated.

All design alternatives evaluated were arrayed against the following

measures of effectiveness:

1)

@)

3)

4)

()

(6)

(7)

Does it produce a syvstem of greater or lesser sensitivity to

change and growth?

Does it allow for the growth and change limits established while

holding the organizational relationship stable?

Is the system responsive to the range of performance for all elements

of BLHCS within 250, 500, and 750 inpatient sizes?

Are the main activity zones sufficiently flexible to meet the demands

of their own unique and interrelated dynamics within the system

logic?

Does it provide a faster and more explicit design and estimating

process?

Does the resulting facility cost more or less over its life cycle

than an equivalent conventional facility with the same initial cap-

ability? How do their operating costs for providing the same health

care compare?

Does the facility have characteristics which will allow for change

and g swth at less construction cost than the equivalent conventional

facility ; How do the characteristics of each facility compare for:

e speed in accomplishing such changes and growth;

o degree of disruption to the day-to-day operations while achieving
these changes;

e operating costs?
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(8) Does the design solution offcr the professional personnel and their

support staff advantages in the delivery of health care?

SYNTHESIS OF ALTERNATIVES

In the first step of the synthesis of alternatives, the present methods of
design and construction were arranged as alternatives, using as many
definitive measures of its components as possible for a basis of comparison with

proposed alternatives, :lowever, the real issue was to find or create an alter-

native which meets all, or inost of, the ohjectives for overcoming deficiencies

in the present systems. Construction state-of-the-art represented the data base for

identifying the best improvement alternatives over the present process. The
The State-of-the-Art (Construction Section - Volume 1V) presents alternatives
which may be applicable. Two contenders which were considered as candidates
for the sys.em are:

1) Interstitial Space
The use of intcrstitial space is one alternative for designing a flexible

facility with the least sensitivity to change. Unless it is used as part of a design
proccss bascd on broad operational data, however, the functional elements
cannot be optimized nor can the facility be more effective or less costly than a
conventional BLHC System. This concept is best used when all parts of
the facility have an equal requirement for change. Facilities currently using
this approach have not solved thc inherent problems either in the overall sys-
tem, or in elements which have discrete requirements for growth, For many
reasons, growth usually relates to duplication of major areas of the initial
structure or, at best, a limited expansion into space provided but unoccupied
in the initial layout. Finally, the high first cost incurred in construction cannot
be justified by comparison to conventional facilities.
2) Modular Approach
The second major design contender, the "modular" approach, seeks to

define a module of space which represents a specific system sub-element such
as a surgery operating suite; once scne module is designed, all others are some
multiple of this space. While this approach allows the least construction cost
for conversion of spaces into different uses, it ignores the fact that operating

costs are the predominant costs in the life of a facility, Furthermore, these

costs are adverscly affected when major element interrelationships are changed.
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Neither alternative fully responds to the requirements of the BLHC System.
The design concept, therefore, does not suggest a direct application of either
method, and in fact, represents an improvement in the current State-of-the-Art.
In response to the unique requirements of the BLHC System, interstitial space
application is limited to the mechanical servicc zone location only. However,
its function is expanded to become: 1) the structural transfer zone; and 2) integrates
the service and housekeeping functions.

The concept of universal space modularity is rejected, and it is suggested
that each functional area has unique modular characteristics, i.e., inpatient
module - the patient capsule, nursing unit block (2 or 3 levels); ambulatory
area - clinics, examining stations; surgery - suites; radiology - suites. The
design concept provides for the growth and change of these in modular
increments based on the Demand Model simulation and the Base "X test
example. However, the application of appropriate standardized building com-
ponents is not precluded in the design concept.

One of the inherent concepts of a modular approach to flexibility is the
interchangeability of spaces. Such interchange may result in displacement of
adjacencies which were based on the functional characteristics of the system,

and therefore can result in undesirable operational patterns.

NGMH Design Concept

To accommodate these limitations, a new design logic has been
generated based on the detailed understanding of BLHC System requirements
and/or the design objectives already stated. This design logic consists of
developing an organizing logic which relates the four major activity zones to

flows., Macro and Micro studies were also conducted to relate the system

elements and sub-elements into this logic.

System of Organization
The organization of the BLHC System design logic is based on the

functional and pliysical relationships and inter-relationships of all system
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components and elements at the total systems scale(Macro) and at the patient
care units of activity (Micro). Quantification and intcnsity of these relation-
ships are a function of the BLIIC System clements contained in the data base,

The organization system, based on the fundamental elcments of health
care includes:

(1) Patient flows

e Total patient entry, both scheduled and unscheduled

e Ambulatory patient flow

® Ambulatory inpatient flow

e Inpatient flow requiring an acute level of medical care (scnsitive flow);

(2) Sequence of medical care from intensive to light and the extent to which

these levels vary in the general BLHC populations,

(3) Zones of medical care intensity and the resources needed for various care

intcnsity levels.

(4)Information flow, its urgency, and volume.
(5)Materiel tlow, its urgency, and volume.
Patient flow is the most significant item, because patient entry into the

system, scheduled or unscheduled, is the driving force to which the entire system
must respond (Figure 3.2-17), Such patient flow triggers personnel and data flows

to the interface points where medical care is provided. Somewhat less
important to the system's overall performance is the flow of materiel to those
interface points. These priorities were used as guidelines in developing the
organization concept.

The sequence of health care is based on the progression of the patient
through categories of dcpendency; these range from inpatient intensive, in-
patient moderate and light, to ambulatory and outpatient. Zones of medical and
service activity plus the resources of each treatment level relate to the sequence
of health care. To accommodate the sequence, BLHC Systems were decomposed

and restructured into four primary activity zones:

(1) The ambulatory zone at grade containing all outpatient clinics to-

gether with ancillary services such as Radiology, Clinical Laboratories,
pharmacy, and Emergency (Tigure 3.2-17). i
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Medical and allied professional zone containing the high technology

and highest patient care areas such as Surgery and Recovery,
ICU/CCU, Delivery, Nursery, as well as certain professional and
administrative areas including Pducation and Training, J'iscal Manage-
ment, and Data Processing (This zone is located on the second level).

The services zone serving a dual function: as a structural base

supporting the inpatient arca and transfcrring this load to grade
with the minimum number of columns to eliminate spatial
constraints at the lower level areas; and as the location of the
major support services such as Dietary, Ccntral Sterile Supply
(CSS), as well as all mechanical, and clectrical machine

rooms (This zone is located on the thirdlevel).

The inpatient zone containing all levels of care.

Magram 3, 2-18 illustrates the integration of these zones into an operational

framework to show how they relate to various levels in a hypothetical facility

configuration. The primary organizing elements which tie these activity zones into an

operational health care system are:

@)

(2)

3)

Two primary vertical circulation and service nodes which link
all activity zones together by providing the service requirements
for the various flows and vertical adjacency relationships.

A horizontal time /distance grid which relates all flows and
functional activities in each horizontal activity zone,

Secoudary vertical adjacency relationships between invididual
functional areas (such as Surgery Clinic-Surgery Suite and OB
Clinic-Delivery Suite) and services.

The major nodes contain elevators, stairs for local circulation, vertical

service shafts and chases for mechanical ducts, communication conduits as well

as the materiel handling system, if included in the BLHC System. Minor

nodes contain stairs for local circulation together with a heavier concentration

of HVAC, utility, and electrical services.

The most sensitive patient flows and high technology areas are grouped

around one primary node which serves: the high intensity medical zones such

as the Intensive Care Unit, Coronary Care Unit, Surgery, Recovery Area, and
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Nursery; the highest technology areas of the ambulatory zone such as the
emergency admitting area; and the nursing units with the hecavy and moderate
care inpatients. A vertical adjacency (using both primary and several
secondary nodes), therefore, links all medically acute areas, even where they
are contained and organized in separate aetivity zones according to their own
unique physical and tunctional elements.

Other elements -- including the least acute inpatient nursing arcas,
administration offices, ambulatory clinics for general medicine -- are grouped
around the second primary node. These areas deal with patient and personncl
flows of lavge volume but least medical urgency. This organization induces
a seleetive use of the transportation nodes as well as a nodal split between the
elevators and the option of using stairs.

The next major organization concept deals with horizontal time Alistance
relationship of similar tunctional elements located on the various levels and
related to the primary nodes. Studies indicate that an organization based on a
horizontal time /listance relationship ot 1/2 minute walking and approximately
140 feet around cach primary node can be used initially to test desired criteria.
All physical layouts generated to date are organized on these parameters. They
arc constantly being tested in the trade off analyses but have proven satisfactory
as outer limits for the largest-size BLHC System studied.

The last, and pcrhaps most significant, crganization concept is that
cach functional physical element should be comprised of sub-elements with
relatively predictable change and growth requirements, and that certain rules
and "modules' of space planning should be assigned to these sub-elements.
Although nursing units can have change capabilities built into them, the "module"
of major growth is a new nursing wing which is added in relatively large increments.
High technology areas such as operating suites will have change capability
built-in, but growth capability will be accommodated by adding one or more
operating suite '"'modules’, which contain 2 OR suites and a recovery area.

The design logic will allow this addition in a way that will minimize
effects on patient, personnel, materiel, aud data flows. The degree of
unpredictability of these changes will depend somewhat on the nature of the sub-

element. For example, the radiology area can accommodate major changes in
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demand by greater utilization of manpower over longer hours, but beyond a
certain limit, growth capability must be iraplemented. The growth element will
clearly be some multiple of the space module required to accommodate an X-ray
suite, including patient and staff {low areas and arcas for equipment.

Inpatient areas evidence relatively nredictable, and less dynamic
change. In the ambulatory zone, however, rapid,highly unpredictable change
capabilities are nrcessary in generally smaller and less readily definable forms.
The design logic will organize those elements requiring the most flexibility to
allow multiple patient entry to a grouping of similar medical treatment areas.
It will organize the waiting and flow characteristics of the ambulatory patients
into, and between, these areas and provide open-ended expansion into outside
arcas to accommodate unpredictable demands. These changes and growths
can be achieved without disturbing adjacent sub-elements of the ambulatory zone
and without altering the logic of the patient entry and flow patterns.

Ambulatory Level (Figure 3,2-19 and 3.2-20)

Ambulatory care is the predominant form of treatment in present and
perceivable future BLHC Systems unless the entire character ot health care
is drastically altered. The traditional view of the hospital Outpatient Dzpart-
ment is no longer appropriate for future BLHC Systems. The concept of a
highly dynamic ambulatory activity zone presented two major alternatives:

(1) a separate, detached facility ; or

(2) the integration of this activity zone into the composite facility.
The alternative of the detached facility offers the opportunity for independent
growth and change. The integration alternative offers the advantage of linking
all inpatient and outpatient activities into an interrelated framework and
maximizing the effective utilization of staff and services in support of both
activities.

The integration alternative was judged the best approach, since its
design concept offers the advantages of both alternatives. The ambulatory
level provides relatively open-ended growth at grade, is integrated iuto the
composite facility, ya2t is still relatively unconstrained by design decisions

for the remainder of the facility. In addition, the patient flows into the system
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and the flow of staff and services within is structured for maximum etfe-tiveness
into the functional areas.

The organizational concept of structuring ambulatory patient flow
within discrete functional units requires the maximum number of ambulatory
clinics at grade (Figure 3.2-19), Based on Study Team data, an estimated 75
percent of the ambulatory patient flow can be scheduled directly into the appropriate
clinic. Non-scheduled emergency patients are referred to an emergency
control zone (Figure 3,2-19 directly related to the diagnostic facilities and the
primary vertical transportation servings the high intensity medical zone
(Surgery, ICU, and CCU). The second primary vertical transportation node
is related to the ambulatory flow from the inpatient facilities to the clinics
and patient service areas. Both primary vertical transportation nodes can
accommodate flow of staff and visitors. Secondary transportation nodes (stairs)
link the ambulatory level to the medical and professional level. The ability
to relate a light care and ambulatory nursing unit to this level is one of the
initial or future system options. Fig. 3.2-20 is another representation of the

ambulatory level.

Medical and Professional Level (Figure 3,2-22

Intensive medical functions requiring highly specialized technology
and environment (Surgery, Delivery, Nursing, Intensive Care, CoronaryC.are)
are concentrated on the second level. Also on this level are diagnostic and
therapeutic facilities as well as certain clinics and physicians' offices which
primarily respond to inpatient demands.

Most professional staff functions including education are on the first
two levels, linked by primary and secondary circulation nodes and framed by
the time/distance grid (Figure 3.2-21). The relationship of this level to the other
activities contrasts the random movement requirements of the professional
staff with their discrete geographic areas. One level up is the cafeteria, one
level down, the clinics and diagnostic facilities. The two-level separation
of the ambulatory zone from the cafeteria still represents a convenient walk-
up distance. To walk up one.flight of stairs represents a seven to ten second

time requirement. The provision of alternative links directly related to
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vertical adjaceiicies ensures that optional movement of the staff resource is
well defined, minimizing waiting time for transportation. Tig. 3.2-22 illustrates
.

the second level superimposed.Qver the lower level.

o,
.,

Structural and Mechanical Service Level (Figure 3,2-23)

This level functions primarily as a structuial transfer zone, similar
to a bridge, which accepts and transfers loads from the inpatient nursing unit
elements over wide spans to grade without imposing on lower levels. Since
the optimum structural concept for the nursing units may not he suitable for
ambulatory care units, the structural Liridge acts as a separation and trans-

ition point, permitting maximum design freedom and layout flexibility for the

levels above and below it,

FIGURE 3.2-23 STRUCTURAL TRANSFER ZONE AND VERTICAL NODES
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As a second major function, this level contains the mechanical services
and distribution channels for the system where they are continuously accessible
for maintenance, modification, and upgrading. The mechanical services fi:ed
the levels both above and below this zone through primary and secondary
vertical distribution shafts. In addition, mmechanical services are closest to the
medically intensive functions such as Surgery and Intensive Care. Other
functions of this level include Dietary, Houscvkeeping, Warehousing, CSS, and
other service elements,

The location of the service functions enhances their proximity to the
activity which has the greatest service requirement, the inpatient levels, It
also places the majority of the Wward Management staff and ambulatory
inpatients within easy reach of the cateteria, using the stairs in the major and
minor nodes which in turn, reduce the load on the primayry transportation

system.

Inpatient Levels (Figure 3.2-24)
Nursing units of a nominal density of 34 beds are horizontally organized

| mem—

into two or three levels, grouped around the primary and secondary vertical
nodes and supported by the structural transfer zone. The time/distance

criteria are superimposed so that the horizontal nature of the system will

not impose distance penalties (Figure 3.2-24 - black time grid). The secondary
nodes facilitate the continuous flow of staff during rounds or between levels.

The configuration creates opportunities for a variety of operational and ward

management concepts. Medical and nursing activities vary according to

e R g we-s

patient dependency which requires different staffing and spans of control
(Figure 3.2-24 - yellow support management) and the ward administration implies

still a different level of organizational control. The inpatient system creates
a framework in which the appropriate organization can be applied as determined

by patient dependency (Figure 3,2-24 - red medical activity and nursing areas),
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Specitically, concepts of graduated patient care can be applied on an
individual nursing unit basis on one level, or throughout all inpatient levels;
the traditional inpatient organization by medical specialties and by levels of
care can ialso be utilized. This framework for the analysis of alternatives
can be used in the simulation of alternatives as well as in actual test
situations tor the new generation military hospital,

The system models display operational characteristics of the design
concept; it fllustrates the relationship of medical intensity to the first primary
nodeand ambulatory patients to the other primary node. The total system
model reflects the interrelationships of a.l major activities and services, as
well as the sequence of care as the patient progresses through the system.
(Figure 3, 2-25)

Configuration Options

Inpatient
The decomposition of the traditional compact health care facility into

more discrete elements permits a wide array of initial size and discrete
growth options within the 250- to 750-bed range. Initial configuration options
are based on two or three inpatient levels with combination adjacent light care
units, generally on grade.
The capability to grow is twofold:
(1) by adding inpatient units onto the structural transfer zone
(2) by adding incremental modules (Figure 3,2-26),
The growth options and final nominal configurations are based on a basic
expansion pattern, which utilizes the existing primary nodes. The growth
options have been conceived within certain constraints to permit better con-
figuration comparisons. A summary of the constraints, or system rules reflecting
actual conditions which may be found follows:
(1) The number of beds in each new nursing unit remains 34. It not
only simplifies the numerical illustration of the system's capability,
but also correlates with Medical Health Care Review Team's

recommendation,
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(2) Vertical growth is not considered desirable. After an initial con-
figuration is in place, addition of new levels is precluded, except
over the structural transfer zone.

(3) Lateral growth can occur in increments of one or two additional
inpatient units, provided space is reserved for this contingency
on the ambulatory level. From a system operation point of view this
type of growth is least desirable; it also constrains development of
the ambulatory level.

(4) The choice of initial configuration determines the limits of the final
or ultimate configuration. Figures 3.2-27, 3.2-28, and 3.2-29 illus-
trate the 250-bed, 500-bed, 750-bed initial configuration. The capability
of these systems to grow is a function of the choice between two or
three inpatient levels, and the initial size of the structural transfer
zone. With no constraint on the initial configuration, the two-level
system can grow to 840 nominal beds and the three-level system can
grow to 1100 beds.

Ambulatory Zone

The ambulatory level can grow to assume any configuration required to
match the health care demand in this area and this growth can be largely inde-
pendent of the inpatient area. Diagnostic support services, also have open-ended

growth capability.

IMPROVEMENT ANALYSIS
The general design concept which has been developed does not represent

a fixed facility. The various illustrations and the design model are used as
tools to illustrate the performance requirements for any BLHCS over its life
cycle within a uniform system of organization. The organization is supported by
the data base and the performance requirements based on the characterization of
the BLHC System. The design model is:

(1)  Atool which defines the criteria for improved BLHC Systems;

(2) A methodology which can be used to test various construction
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FIGURE 3.2-27, 250 BED CONFIGURATION )

FIGURE 3.2-28, 500 BED CONFIGURATION

FIGURE 3.2-29, 750 BED CONFIGURATION ‘
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technologies and cost variables vithin the stated planning and design
guidelines;
(3) A concept for a new building type.

The comprehensive nature of Base level Health Care suggests that a
homogeneous hospital type which anticipates only the initial demands for health
care is not adequate. The facility concept, must be redefined in terms of a
system of environments responsive to variety in patient care demands, care

intensity, and processing and supported by variable technology and services.

A System of Health Care Environments

Many non-homogenous elements must be integrated into an operational
system based upon precise analysis of the various functional interfaces and a
definition of the appropriate physical and environmental characteristics of each
element. These elements include:

(1) Inpatient units with uniform environment (climate, aseptic), personal
convenience elements, medical and professional support.

(2) High technology support areas with medically intensive functions
(Surgery, Intensive Care, Cardiac Care, and Delivery and Nursery
areas).

3) High volume personnel processing areas containing ambulatory clinic
functions with a moderate demand for space and environment but a
high flow capability, relying on administrative and medical support
functions such as Medical Records, Pharmacy, Radiology, and
Clinical Laboratories.

4) Supporting service areas containing the system's administrative and
administrative suj port functions such as Dietary, Supplies, Ware-
housing, Housekeeping, and Mechanical Services.

These elements correspond to change and growth over the system's life cvcle,

at the lowest tc*al cost.
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Capable of Variable Construction Technology

Since BLHC Systems are typically conceived as homogeneous building
types, uniform coustruction technology is usually carried throughout the
structure. Ior example, short-span, poured-in-place, reinforced concrete
technology applicable for the upper stories which are usually nursing units may
be imposed on ground level areas where such technology is a major constraining
factor. The choice of technology is generally the architect's who may not be
aware of the long term needs of the facility.

New programming criteria, more closely related to the concept of a
non-homogeneous facility, should be established. At least four major non-
homogeneous elements of the facility have previously been identified. Criteria
which can readily be translated into sub-system “iardware, building components,
and construction technology have been developed to permi: various potentfal
solutions to be analyzed for each element. Consequently, an array of con-
struction options can be maintained until the final construction bids are generated;
this will offer great flexibility in adapting to least cost, local practices, and
available compatible manufactured items.

Initial constructian criteria based on both non-homogeneous elements and
the design logic, will substantially affcct the manner in which facilities are
designed, built, altered, and expanded. Such criteria are based on a greater
appreciation of the initial, change, and growth capabilities required of the
system,

Capable of Variable Construction Costs
Current planning procedures desigied to meet initial capability result

in aggregated space allocations, expressed in square feet, for individual
hospital areas. An estimated construction cost per square foot, predicated on
a fixed time, tize, and past experience, and modified by regional factors is
applied to this ageregation. This regional factor which is reviewed and updated
regularly, is applied to all elements uniformly.
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If the total facility is designed and constructed using a non-homogeneous
concept {llustrated by the design logic, widely varying construction cost levels
will result for each major facility element. 1lizhest costs will accrue to highly
specialized medical care areas with their concentrations of high technology,
such as operating suites, delivery suites, recovery and intensive care areas,
nursing areas, and the nursery. Moderate costs will be assoclated with
nursing units generally designed to cope with moderate and light inpatient care
and low costs with the high volume ambulatory treatment areas.

Through performance criteria relating to change and growth, a
different construction technology and building compunent selection will he
applied to each area, The highest cost area has a very permanent spatfal
arganization; most of the internal walls, for example, can be huilt of solid
masonry combined with long span heavy construction and elaborate mechanical,
electrical, and plumbing sub-systems. This area will not undergo major
internal change over its life cycle and will grow by addition of major units such
as additional operating suites.

The moderate cost areahas a less permanent spatial organization with
more attention given to effecting change. The internal walls may be built of
steel studs and gypsum board instead of masonry, using relatively short span,
light-weight "'motel" style construction with less elaborate electrical, mechanical,
and plumbing sub-systems,

The least costly area is designed for extremely rapid and frequent
change and large scale growth over its life cycle. In this area less certainty of
prediction will be possible for each major sub-element. Indeed, the only
certainty is change. The primary effort, therefore, will be to organize the
major flow patterns of people and materie. through the sub-elements while
still providing for change and growth., This will be accomplished by coupling
long span construction with easily demountable partitions for internal space
divisions and sub-syseens organized to pcrmit convenient change. Such

flexibility is possible because this area generally requires the lowest level of
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technology. Although subsystems such as Clinical Laboratories and Radiology
require special treatment, their growth is predictable based on modules of
activity.

Costs can be estimated not only for each major element but for eaeh
major sub-element as well. Major sub-system elements which are central and
common to several areas (elevators, materiel handling systems, major
electrical entry and distribution systems up to the secondary transformers,
major mechanical equipment such as chillers and cooling towers) can be estimated
separately and their costs apportioned according to their usage by, or impact
on, the various facility elements.

Cost forecastng is comprised of two major elements:

(1) Initial or acquisition costs;

(2) Iong term or life cycle costs,

To permit more accurate appraisals of projected first costs a new approach to
developing improved cost guidelines and criteria is being generated as part of
the design logic., This approach emphasizes computer-based appraisal
techniques; it is keyed more to discrete building elements than the present con-
ventional aggregation of square foot allowances and uniform eost allocation per
square foot, In addition, allowance should be made for cost escalations
encountered between planning and construction contract awards.

To match demand with costs over a 20~ to 25-year life cycle, a planning
tool based on dynamic optimization has been developed. It is heing refined
and its limitations defined by depicting certain costs and performanee
characteristics of older-style hospitals. By combining the population de:..and
model, the dynamic optimization proeess. and a detailed eharaeterization of
construction and operating costs for the proposed new hospital coneepts, an
optimal strategy can be generated for any specific BLHC System. Any or all
of the major parameters can be varied to develop life cycle costs, including
raising the rate of construction cost escalation, raising the rates paid to
hospital personnel, dramatically and suddenly changing demand to simulate a
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major mission change, imposing lengthy delays between necd recognition and
fuifillment, or imposing very tight budget constraints. Using computer analysis,
the resuits can be used to examine various decisfon options, such as physical
configurations and their impact on iife cycle cost. This planning tool wiif

be a valuable aid to decision-making when planning and constructing specific

BLIC Systems.

Variable Tcchnology and Cost Matrix

A specific tool has been developed to iltustrate the capabilities of the
design model to accept technology and cost variables within the aiscrete activity
zones. Table 3.2-4 displays the technology options as functions of unit costs for
each activity zone of the BLHC System. The summary matrix aggregates the
cost results and a least-cos! path can be defined against the performance
objectives of the BL!IC System. The detailed analysis for the major activity
zones and individual functional elements was prepared by McKee-Berger Mansueto

(See Appendix 3.2-1),

SENSITIVITY ANALYSIS

The design concept provides an organization and configuration which
achieve the sensitivitv objectives stated for the design. The specific sensitivity
analysis which will demonstrate this is the hypothetical Base "X" which is a
test example with assumed operational and mission variables over its life cycle.

However, the design concept remains sensitive to several specific factors:

(1) Geographic iocation

(2) Land avaiiability

(3) Site conditions and topography

(4) Constraints of existing facility elements.

For any given geographic iocation, the most appropriate technological
application to the design concept may not he avaflable. This may result in
slightly modified capabiiity or somewhat higher initial cost for that location.

The availability of land is also critical to the design concept. The hori-
zontal configuration requires a larger site than the conventional health care

facilities, and the future growth capability is contingent on the availability of
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TABLE 3.2-4

NGMH 'l‘o
COSTS BY LEVEL, AREA,AND BUILDING SYSTEM
(DOLLARS/SF)
SUMMARY P E(_,‘ = = f Q
w a W P2 z 4]
e 3 < w <
- D o = = =
“C ._) 0 = <
@ a - < 2 =
— ’ [N
=3 w w (o] o
BUILDING SYSTEM < = ® & 3] (2
1.0 Foundations - - - - 3.00 3.00*
2,0 Super Structure
Steel frame, concrete
2.1 fireproofing and slabs 7,87 8. 43 13.49 7.87 - 9.156*
(US Steel Scheme)
Steel frame, conerete
2.2 fireproofing and slabs 9.30 10.05 23.27 17.87 = 11.85
(Bethlehem Scheme A)
Steel frame, eoncrete
2,3 fireproofing, and slabs 8,70 9.75 21,87 17.87 - 11.35
(Bethlehem Seheme B)
Steel frame, concrete
2,4 fireproofing, and slabs 6,27 6.40 10,10 7.87 - 7.65
(Bethlehem Scheme C)
2.5 Reinforced conerete 8.43 9.12 23.61 6,33 - 10,97
slabs, beams, eolumns
Metal deeck & eoncrete
2,6 slab (Inpatient level - - - 7.87 - -
only)
2.7 Precast concrete - - - 8.12 - -

(Inpatient level only)
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TABLE 3.2-4 - (Cont'd)

COSTS BY LEVEL, AREA,AND BUILDING SYSTEM

v
NGMY T 0

(DOLLARS/SF,
. E g
SUMMARY = = @
o 2 = ; o
< < o 'ﬁ % &)
2 J ' 8 £ 2
< =2 Q. - < 2 =
g 2 5 g s ¢
o b w — O
BUILDING SYSTEM
3.0 Exterior wall
3.1 Face brick, masonry 2,95 4,75 1.95 2.40 - 2,49
back-up (Cavity)
3.2 Face brick, masonry 3.26 5.07 2,15 2,62 - 3.15*
bhack-up (solid)
3.3 Stucco facing, 2,73 4,31 1.83 2.20 - 2,67
blockwall
3.4 Precast coucrete 3.84 5.96 2,57 3.10 - 3.72
panels
pancls
4.0 Interior Finish
4.1 Austere 11,08 18.24 8.10 9,15 - 11.15
4,2 Average 13.04 20,28 8,60 10,48 - 12,60*
4.3 Generous 15,50 23.35 9.00 13.10 - 14.80
5.0 Roof system - - - - .1 . 85*
6.0 Casework 1,90 3.00 .70 2,30 - 2,00%*




TABLE 3.2-1- (Cont'd)
NGMII T

COSTS BY LEVEL, AREA,AND BUILDING SYSTEM

—— @ wnmee geed ey oSy 2 QE 2wy

(DOLLARS/SF)
SUMMARY ) e e = 2
« & a Z Z 8]
W5 - 3 i <
e = D 14 o = 3
< ] d > < w2 h
g8 = (- o z S
BUILDING SYSTEM < o n ©
Heating,
8.0 ventilating and
Air conditioning
8.1 All ajr/induction 9,74 10,65 4,40 4,35 1.86** 7,42
.2 All air/fan coil 9.65 10.55 4,36 4.31 1,84** 7,35
8.3 All air/incremental 9.19 10,05 4,15 4.10 1,75** 7,00*
9,0 Electrical 4.86 6.05 8,36 6.11 «98%** G, 55¢*
10.0 Elevators - - - - 1,10 1.10*

* Costs of Test Configuration
** Mechanical and Electrical Equipment

30 2-58



land to accom:modate the building growth as well as the incrcased parking require-

ments,

Site conditions and topography must be cvaluatcd on an individual basis
for each application of the Design Concept. Varying site conditions may or may
not have advantages in terms of costs. The long spans of the structural transfer
zone require fewer footings and in difficult soil conditions would require fewer
fills, In turn, the larger foundation slab arca may bhe morc costly under other
circumstances.

The location of existing health care facilities on the selected site may be
a constraint in the siting and orientation of the Design Concept relative to the most
desirable flow patterns. The degree of sensitivity of thc design to these factors
must be evaluated in each specific case. None of these factors except land

availability is criticnl to the realization of the Design Gncept's capabilities.

CONCLUSIONS AND RECOMMENDATIONS

A very critical element in the basic needs of the BLHC System is the
time lag between the perception of need for a BLHC facility and occupancy of
the completed building. This lag is translated into both direct cost and changed
demands and requirements for operations. Since the facility is the most fixed
resource in the System, its inability to respond to change i>ecomes an oper-
ational constraint. Also, emphasis on least first cost ultimately results in
higher life-cycle costs,

Three major needs or problems have been identified in the present
process of facilities design.

(1) Anticipate the dynamics of demand on a BLHC facility over the

life-cycle.

(2) Forecast operational requirements of the BLHC facility over its

life-cycle, i.e., utilization, patient mix, staffing, a=d health

care trends,
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(3)

Translate requirements into appropriate design and implementation
speeifications, including specific statements of the operational and

performiunce objectives for the BLHC facility over its life cycle.

These needs are answered with specific study results for immediate

implementation in the 1972 test tacility and short-term R&D to support the

1972 design, as well as long-term R&D programs applicable to 1975-80. The

Svstenis Design concept illustrates the performance requirements for any

BLIIC System (250 to 750 hed) over its life cycle based on the outputs of the

Demand Model, It does not represent a fixed building with a master plan for

expansion, rather the concept is responsive to the varying health care demands:

initial hecalth care, change, and growth.

Initial Health Care

Within the overali organizational logic based on the detailed
characterization of the BLIIC System, a wide range of initial
configuration options can accommodate inpatient, ambulatory,
and ancillary support functions. These requirements can be
varied independently as a result of policy directives and sliding
scale criteria.

Change

The Desigm Concept allows for change and modifications in the
various activity zones most susceptible to change. This concept
includes the structural transfer zone which creates large un-
obstructed space and thc pattern of mechanical services which
permits modification of specific areas without disturbing

other areas.

Growth

Within the overall organization logic, any initial configuration
can grow within the rules and constraints of that logic. This
growth capability is based on stated objectives for the various

sized BLHC Systems. rurther, the growth of functional
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elements (radiology, clinical laboratories, ambulatory clinics,
nursing units) can be achieved individually without compromising
the operational capability of the System. The design elements
which create this capability are the structural transfer zone, the
pattern of horizontal and vertical mechanical servicing, and the

open-ended configuration of the individual functional areas.

To forecast operational characteristics of the BLHC facilities over

their life cycle, the Design Concept accommodates: changing utilization

policies, changing patient mix, changing staffing patterns, and changing

health care trends and technology.

Changing utilization policy
The arrangement of the inpatient areas permits increasingly

higher utilization in all levels of care by the swing capability

between the various care levels and the progression of the

patient through the health care system. The incorporaiiion

of light care units within the total inpatient system permits
these units to be progressively upgraded to higher levels of
care during the System's life cycle,

Changing staffing pattern

The inpatient areas are not designed for a specific staffing
pattern but accommodate variable patterns according to levels
of patient dependency. Differential spans of control can be
used by nursing and by administrative and ward management.
Changing health care trends and technology

The degrees of flexibility planned for the various activity
zones, reflect the relative rates of change in these health
care activities, The ambulatory care zone is the most dynamic
and is a key element. The accessibility of both horizontal

and vertical mechanical services permits the upgrading of
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these serviees to accommodite new environmental and service

requirements in the various functicnal areas,

The Design Coneept translates the requirements into appropriate design

and implementation specifications.

The Design Concept can be implemented within the current policies
and criteria and is less sensitive to the time lags inherent in the
process,

Without destroying the overall organizational logic the reduced
sensitivity allows the Design Concept to respond to changing
requirements caused by the time lag.

Tlhe individual cost elements can be manipulated based on
various construction and technology alternatives for individual
functional areas. The capabilities of the configuration for
future growth and change may result in higher initial cost;
however, the concept of life-cycle cost/benefits will result

in savings for the total cost of the facility.

The constant organizational logic for the BLHC System designs
reduces the sensitivity of the facility to the problems of dis-
continuity in the planning and design process,

The Design Concept illustrates the operational characteristics
and performance requirements for BLHC Systems, Each
individual design configuration can be evaluated against these
characteristics. The sub-elements such as radiology,
surgery, and the ambulatory clinics, similarly illustrate
individual requirements of these elements within the overall

organizational logic.

The System Design Concepts are responsive to the needs and problems

found in the present BLHC facilities. They will:

Respond to the operational objectives of the BLHC System.
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e \leet life-evele performance cequirements ol i BLIHC Svsten
while maintaining the System's organization logic,
e Reduce sensitivity of the Design Concept to the uncontrotied

time lags inherent in the planning process,

The Design Concept is fully responsive to the health ciiee recommendations
which have been detined by the Medical Health Care Peam Tore ‘New
Genevation” BLIIC System.  Microstudies of suh-svstems (urther identify
specific responses to the recommendations,

The evaluation of the cost charireteristics of the Design Concept
indicates that the capabilities ol the design are not purchased at initial cost
penalty. Trade-offs hyvpothesized between the individual activity zones of
the Design Concept have produced an ovevall facility which is competitive
with conventionally designed health care facilities, The 1esign Concept
qualifies as a major improvement alternative. 'The degree ol bencefit is
hased on how the concept is applied to a specific BLIIC System. Westing~
house recommends that this concept, as defined and illustrated in the
design model, become the framework and hasis for the "New Geperation™

Military Hospital design.

SHORT TERM R&1)

1. Proceed with Phase II, eonsidering it a short-tcrm R&D effort

in itself. Part of the Phase 11 R&D yield will he definitions of
new criteria and requirements for incorporating the various
technologieal options and improvement alternatives into design

specifications for NGMII facilities,

LONG TERM R&D

1. A long term R&D effort should be undertaken to determine the

feasibility of market aggregation for Dol) health care faeilities
for application of industralized building components. The

objectives are reduced first cost and reduced design and

construction time,
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3.3 Operations Anaivses

INTRODUCTION

The Westinghouse Study Tt concentirated on o svstems mmalysis of
those improvement areas which affeet the flow and controi of patients, staff,
communiciations and materiel hetwern the major functionai subsystems of the
BLHC System, as well as those management functions which affect the
operations within cach subsystem,

The ten functional aveas amilyvzed in this study are ciulled "functional
subsystems, ' although these areas often relate to management options wvhich
eross many functional lines, For exach functional subsystem the broad re-
quirements of the RFQ were used as it guideline in devising improvement
alternatives for more effeetive and effieicnt Base Level liealth Care Systems
without lowering the quality of eare delivered,

Most study teamm members involved in the improvement analyses also
participated in the data gathering and data inventory proeess at the primary
and secondary study hospitals and have first hand knowledge of the System
and the "real life" environment into which proposed alternatives would be
introduced. Team members not part of the original data gathering process

were chosen for expertise in a spacifie funetion area.

Characterization of the Present Svstem

The most obvious eharacteristic of the BLHC System was the variation
observed between specifie facilities -~ even within the same serviee -- in
terms of costs and resources for the performance of equivalent tasks in the
delivery of health eare or support servieces, In many ecases this variation
could be attributed to lack of uniform accounting procedures. liowever,
analysis of labor and materials eost, and use data revealed many substantial

differences derived by detailed analysis of the nine primary and secondary
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BLHC Systems and confirmed by data collected across the services, Many
of these differences in costs could be related to two basic issues:
l. whether the facility was operating above the capacity for which
it was originally designed

2.  whether the patient mix was more or less acute in nature.

Part of the fundamental variations between facilities was related to
management ability, and part to how well the physical facilities provided
for gross operating capacity. Staffing patterns were generally related to totai
days of inpatient stay at a facility rather than to the patient mix. Little
evidence of management controls were found which could identify the
resources expended for a given patient's progression through the System,
including his post hospitalization treatments. Such resource utllization
profiles are needed to develop consistent management tools which permit
comparison of performances to levels of care both within and between
BLHC Systems,

The second most obvious System characteristic was its extreme
dependence on labor at all skill levels, This does not mean that labor can
or should be eliminated; nevertheless, a system so labor dependent is
vulnerable in several ways:

I. Cost of labor may escalate due to factors beyond the
management control.
2. Labor may become scarce or even unavailable.

3. Quality of labor may decline and impair system operation.

Both military and civilian health care systems throughout the country
exhibit this labor dependence and have suffered all three of these effects.
High turnover within the railitary due to normal duty rotation does not
permit the individual to ;;ain sufficient familiarity with a job or with co-
workers, and often contributes to a lower level of skill and teamwork

than is desirable. This occurs at all levels,
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Currently, the escalation rate of labor cost is less in the military
than in the civilian sector; howeve -, the supply of labor is finite and
should be treated as u scarce resource. If the disparity between labor
costs in the military and civilian sectors continues to increase, the
military health care system wili be increasingly faced with labor snortages
or labor of a lower caliber,

One result of this labhor dependence is the limitation it places on the
system's ability to grow and change. This sensitivity extends beyond the
eapanility of adding more beds or ehanging the general level of care in
existing beds, sinece changes in the workload of a labor dependent system
generally require disproportionate additions to the labor force at all levels
including supervising roles.

Effeetive management of a complex system depends on the aeeuracy,
availability, and relevance of the data for the most signifieant elements in
the system. Only when armed with the right facts can management make
the right decisions. The managers of a BLHC System face the challenge
of efficiently applying specifie resources of faeility, staff, and supplies to
a ecomplex set of health care demands. This is based on a sophisticated
knowledge of the resoureces being applied to each patient at eaech step of
his care, and the ability to adjust ncarly eonstant facilities and staff to
the variations in the resourccs required to perform these functions.

In the BLHC Systems; the most significant example of data manage-
ment is the handling of individual medieal records whieh provide the key
to many decisions relating to overall faeility management. Most data,
however, were handwritten, hand earried between functional elements, and
laboriously hana filed and retrieved. Even the best syvstem, depencient on
manual transmission, storage, and retrieval of data, will never be
capable of performing these funetions adequately, sinee the very nature
of the data demands will generate more paper work which will ultimately

decrease the effectiveness of the system. However, the BLHC Svstems
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do not have the best manuad methods for data flow; their operational needs
in this area have not been used as an integral element in the design
process,  As a result, as the svstem reaches and exceeds the capacity
for which it was designed, it deteriorites at an accelerating rate.
The fabor dependence combined with the formidable data flow within
the system inevitabiy produces inefficiencies.,  Some general examples of
this probiem are;
® the amount of faboriatory tests rerun because of lost records
® the higher number of dayvs in {ight care as the system becomes
Larger duc to less efficient discharge procedures

® the number of return visits required due to the extended time
required to complete tests, record the results, and return
them to physiclans

® the amount of food wasted daily because dietary needs are not

adequately forecast

® the high cost of inventory carried

® the loss of physicians' and nurses' time to purely administrative

demands or housckeeping decisions

The design of facilities can be blamed for some of these inefficiencies
but by no means all of them. In many cases management policies or
traditional procedures interfe:e with the most effective use of the scarcest
resources. As a result, the highest cost lsbor within the BLLHC System is
often used for a function which could be performed by less skilled and less

costly personnel at no less of quality in the patient care process,

TECHNICAL APPROACH

Problem ldentification

From the svstem characterization the major problems relating to

BLHCS operations can be listed.
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® The reporting and measurement methods used in the current
Systems are largely historical accounting devices not intended
to be decomposed and related to patient care dynamics. Many
current measures of performance tend to reward low cost of
operation per se without regard to the patient mix and system
throughput,

o The system is labor dependent with adverse effects on the flow
of data and materiel, the effectiveness of resource utilization,
and efficiency.

L System operations tend to be performed manually because lowest

first costs are usually most compatible with manual performance.

These problems are so broad that they apply to almost every area
of operations in the system. To focus on the most productive areas, the
team established a list of the most likely improvement areas drawing
upon knowledge of civilian health care systems. After the initial data
gathering effort, this list was refined to include ten major areas for
analyses:

(1) Communications and Data Management

(2) Materiel Handling

(3:) Dietary

(4) Clinical Laboratories

() Dental

(6) Outpatient Departments

(7) Ward Management

(&) Education and Training

() Pharmacy

10.) Radiology
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Objectives
The following objectives were established for analysis of each of the

ten problem areas:

(1) The recommended improvement alternative should show a pro-
spective simple or life cvele cost reduction over the present method of
operations or, hiave a high probability of simple or life cyvele retrospective
cost savings in comparison with the present methods of operation.

(2) Cost savings should be effected by introducing technology or
management concepts which reduce the syvstem's labor intensity.

(3) Where cost savings cannot be readily estimated either retro-
spectively or prospectively, the improvement alternative must be directed
at either reducing the svstem's dependency on labor or improving the
efficiency and effectiveness of a higher echelon of labor., These can he
accomplished by developing procedures whieh will produce the same and
result using a lower echelon of labor.

(9 All reecommended alternatives must be aimed at reducing the
system's sensitivity to change and growth,

(5) All hardware-hased improvement alternatives must be fully
operational by 1972; the "New Generation" Military Hospital should be a
prototype which will not prohibit the faeility from performing its mission
if the prototype fails to work as expected.

(6) All reeommended alternatives must be able to perform as
claimed without lowering the quality of health eare.

() All recommended alternatives must minimize factors which
might inhibit the rapid introduction of 1975 improvements,

(8) All reecommended :lternatives should be implementable withia
the policies of procurement and operations of the Federal Government and

the boD), or with reasonable modifications to these procedures.

3.3-6



Measures of Effectiveness

For the analyses of the ten major areas, the computed workload of
each area scrved as the objective measure of effectiveness, Workload was
calculated as a function of inpatient heds or outpatient visits, or both,
using data collected at the studv BLHC:S. Cost analyses for each alter-
native under the computer workload determined the ordering of the alter-
natives.

In the Systems Application (Base '"X"), workloads for each area
were computed as a function of time, using the Westinghouse Demand Model,
These time-varying workloads were then cost analyzed to arrive at the
recommended alternative for Base "X'.

Subjective qualitative mcasures of effectiveness were considered as
well as the evaluations by the Medical Health Care Review Team, who
considered the effect of alternatives on quality of patient care, convenience,
and acceptability by staff and patients, Their professional judgments were
weighed as part of the cost/benefit analysis,

Synthesis of Alternatives

The first step in the process of synthesizing alternatives for each
study was to use the data inventory to portray the major characteristics of
the present methods of operation. Although the methods vary for each
study, several common characteristics exist:

® The initial facility costs and costs for increments of growth,

® The components of labor cost, including man hours, base

pay, and fringe benefits,
® The costs of materials associated with the specific operation.

To show the impact of size on a facility, thcse items were determined for

an array of different-sized facilities.
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State-of-the-art documents were examined to select potential, §
available improvement alternatives, Using consulting manufacturers' data,
user dati and, in some cases, estimates, component parts of the alter-
nitives were compiared with parts of the present system, Some alternatives
were less complex to evaluate than others, and some specific alternatives f
were vepresented by only one concept or procedure. In some cases, such
as Surgicenter, the Team suggested improvement alternatives where no

specific problem had previously becn identified.

Analysis of Alternatives

Three basic types of analyses were used where appropriate:
1. Life Cycle Cost Savings Analysis
2. Breakeven Cost Analysis

3. Benefit Analysis

1. In the life cycle cost savings analysis, each improvement
alternative v.as characterized and analyzed to allow investment in facilities,
operating costs of labor, and operating costs of materiels to be generated
against some common output base (for example, labor cost to prepare a
single average meal). These data were then inserted into a formula to
determine the 'present value' total life cycle cost of each alternative for
each scale of output. Each evaluation used the following common con-
siderations:

e the period of years representing the '"life'" of the operation;

e annual inflation rate in the coust of labor to operate the system;

e annual inflation rate in the cost of materiel used in the process; '

e annual inflation rate in the cost of materiel used to generate

the system output.
To perform sensitivity analyses simply and quickly, each of these factors

wias used as a parameter variable in the present value equation below.

e o L
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where PV = present value

I0 initial investment in dollars
1 = present value of 1 dollar received in N vears
L -
discounted at an interest rate ot (i), For this study
a constant cost of money factor of 10% was used.
r. = annual rate of escalation in the cost of labor attributed

to the alternative under study. Fo1r all analyscs a

rate of 4% was used.

r_ = annual rate of escalation in the cost of supplies contained

in the output., For all analyses a rate of 0% was used.

r_ = annual rate of escalation in the cost of materials used

to generate the system output. For all analyses a

rate of 0% was used.

C, = annual cost of labor to produce a given level of output

for each alternative.

C_. = annual cost of materiel contained in this output.

C. = annual cost of materiel used to generate this output.

. § = salvage value,

This format was developed to use a computer-based, evaluation program

previously

generated by “Vestinghouse for similar types of analyses.

(2.) The breakeven cost analysis calculated allowable cost to determine

the potential saving in using automated over manual alternatives, The

allowable cost was, in effect, the amount which could be allocated for auto-

mating to achieve a hreakeven point, or level at which overall cost to the

system is no greater than is the existing system. This analysis required a

detailed statement of the system's performance requirements, an evaluation
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of the capability of each alternative to reduce system costs, and the upper
and lower bounds of obtainable cost savings. Then, each of the more
promising alternatives was evaluated by whether the alternative would

reduce labor dependency, system sensitivity to change and growth, and

sensitivity to technological obsolescence,

(3.0 These cost benefit analyses related to those areas of operations where
quantification of expected savings or increased efficiency was not possible,
however, cxpert judgment indicated that these items will contribute to a
more efficient and effective BLHC System within the framework of objectives.

Some of the recommendations generated by the Medical Review Team

are examples of these alternatives.

Sensitivity Analyses

Sensitivity analyses were performed on every functional sub-system, to
a greater or lesser degree, depending on the nature of the analysis and the
importance of the alternative. These analyses tested:
(1) Whether the alternatives were characterized in a comparable
manner on performance and cost;
(2) The validity of the alternative against variations in the major
elements of the analysis as a result of the impact of economic
factors such as rates of inflation and costs of money;

(3) The impact of changes in the character and size of the operation.

The first of these tests was extremely important because it allowed the
Study Team to use ''hard" and '"soft'" data from a wide variety of sources,
Wherever doubts existed about data being used, an analysis could im-
mediately be generated on the degree of allowable error.

The second test was designed to determine the impact of basic
economic pressures over which the BLHC System management has little or
no control. The two basic issues were: (1) whether the alternative rank-

ings change due to changes in any of these areas and, if so, to what degree
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and (2) whether the alternative being recommended shows greater or lesser
sensitivity to changes in the economy than the present system., The best
alternative was the one least affected by issues not controllable from within
the system and which exhibit a lower cost increase than the present
alternative,

The third test was designed to establish the sensitivity of any alter-
native to change and growth compared to the present method. An alternative
favorable on all other counts but extremely sensitive to change and growth
was not adequate for the BLHC System.

This section describes the general processes used in analyzing the
ten functional areas. Because each of the areas is unique in some
respects, each individual improvement analysis and the resulting recom-

mendations are discussed in detail in the following sections.
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COMMUNICATIONS AND DATA MANAGEMENT

The communication and data management function coordinates the many
hospitai activities to facilitate effective del<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>