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PREFACE

mitted by the Westinghouse Electric Corporation to the Depariment of Defense
for work pertorme:l on Contract 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 concepts, technology, and management
procedures with the objective of designing the most effective hospital for con-
struction commencing in mid-1972. The secondary task was the definition of
system improvements arising from R&D opportunities available in time for pro-
totype construction in the 1975-1980 period.

The remaining four volumes contained in this final report ave:

VOLUME TITLE
I Executive Summary
i Systems Analysis
III Medical Health Care Review

\Y Data Invenior’
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ABSTRACT

This volume presents the State of the Art (SOA) of sixteen areas related
to the Base Level Health Care System. For each area, the SOA iraprovement
alternatives that are now available or will be by 1972, and the advanced tech-
nology improvement alternatives likely to be available in the 1972 - 1980
time frame are presented. This survey forms a major data resource for the

Systems Analyses volume of this renort. The sixteen areas surveyed were:

General Medicine Materiel Handling
Clinical Labhoratory Multiphasic Testing
Communications & Data Management Pharmacy

Construction Physiological Monitoring
Dentistry Planning

Dietary Radiology

Education & Training Sterilization

Maintenance & 'ousekeeping Ward Management
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1. INTRODUCTION

State of the Art (SOA)*refers to the most adianced technology, eon-
cepts, and proeedures (improvement alternatives) presently used within the
diverse functions of the Base ILevel Health Care System (BLHCS), or
which can reasonably be expected to be employed in 1972 consciuetion,

Since a detailed investigation of all health care functions is beyond
the secope of this study, we used the following criteria to determine which
functions should be emphasized:

. High cost
. Labor intensive areas
Known problem areas

As a result, the following sixtcen basic functions were selected:

1. General Medicine and Surgery

2. Clinical Laboratories

3. Communications and Data Management

4, Construction

5. Dentistry

6. Dietary

7. Education and Training

8, Materiel Handling

9. Multiphasic Testing

10. Maintenance and Housekeeping

11. Pharmacy

12. Physiological Monitoring

13, Planning

14. Radiology

15. Sterilization

16, Ward Management
*App2adix L contains a list of terms and definitions used in this document.
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Meaningful recommendations for future health care systems depend
upon an In~depth kncwledge of the improvement alternatives available in
these functions, their advantages and disadvantages, ways they can he
improved, the improvement trends, and most importantly their impact on
patient care and systems operations. In defining which improvement
alternatives should be discussed in ecaech function, we first ecliminated
most hardware, concepts, or procedures which are commonly known and
commercially available. Moreover, we have included only those aiterna-
tives which are applicable to the military Base Level Health Care System.

This survey, along with the Data Inventory and Medical Health Care
Review volumes prepared for this study, form the data base for the
systems analysis. Specifically, the improvement alternatives included in

the systems analysis section were selected largely from this SOA report.

Report Format

This report is divided into 16 sections, one for each function, with

each section having the following general format:

1. Introduction.

2. Technical Approach: Information sources.

3. State of the Art: Concepts and technologies judged to be impor-
tant and applicable to the 1972 BLHCS design plans.

4, Advanced Technology: Concepts, hardware, and procedures which
could conceivably be avajlable by 1975 to 1980 with appropriate
research and development.

5. SOA Matrix: A summary in tabular form of the major uses,
advantages, and disadvantages of current improvement alterna-
tives discussed in the state-of-the-art section,

6. Bibliography.

It should be noted, however, that since various SOA surveys werc pre-

pared by independent Westinghouse study groups or consultants, this format
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is not rigidly adhered to in caeh seetion, In the General Medicine seetion,
for example, SOA and advaneed technology are not treated scparately,
since many SOA improvement alternatives must undergo extensive testing
and so will be available for implementation only after 1972, the cut-off
date for the SOA discussion. Moreover, some sections do not inelude
matrices; the dentistry scetion, for example, primarily treats coneepts
and procedures which are not amenable to matrix formatting,

The various functions are discussed in alphabetieal order, with the
exception of General Medieine. Beecause the delivery of medicine and
surgery is perhaps the most essential funetion in the Base Level Health
Care System, General Medicine is placed first.

The SOA survey emphasizes the relationships and impacts of improve-
ment alternatives on speeifie funetions and on the entire system, Effeets
of an improvement alternative in one funetion upon other functions, however,
are not evaluated or doeumented in this section. These interactions are

studied and presented in the Systems Analysis volume.
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TECHNICAL APPROACH

The personnel assigned to perform the various SOA surveys were

composed of Westinghouse personnel from various divisions (Learning

Corporation, Hecalth Systems Division, R & D Laboratories, Bloscience &

Medical Systems Department) as wcll as consultants where speeific

expertise was neceded.

Listed below are the Westinghouse Divisions and/or

consultants primarily responsible for each of the sixteen functions.

1.

6.

7.

8.

General Medicine and Surgery

e Westinghouse Health Systems
e Johns Hopkins University, School of Medicine

o University of Pittsburgh,School of Medicine
e Veterans Hospital, Plttsburgh, Pa,

Clinical Laboratories

o Westinghouse Bioscience and Medical Systems Department

e Johns Hopkins University School of Medicine
Communications and Data Management

e Westinghouse Health Systems Department
Construction

o Westinghouse Health Systems
e Westinghouse Corporate Design Center
e RTKL

Dentistry

o Westinghouse Health Systems
e University of Pittsburgh, School of Dentistry
e Sybron Corporation - Ritter Division

Dietary

e Westinghouse Health Systems
e University of Pittsburgh, School of Public Health

Education and Training

o Westinghouse Health Systems
e Westinghouse Learning Corporation

Maintenance and Housekeeping

e Westinghouse Health Systems
e University of Pittshurgh, School of Publie Health
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9.

10,

11,

13.

14.

15.

16.

Materiol Handling

o Westinghouse Health Systems
e Georgia Institute of Technology
e Sybron Corporation

Multiphasic Testing

o Westinghouse Health Systems
e Johns Hopkins School of Medicine
o University of Pittsburgh, School of Medicine

Pharmacy
e Westinghouse Public Systems Management Services Department
Physiological Monitoring

Westinghouse Health Systems

Westinghouse Bloscience and Medical Systems Department
Westinghouse Medical Products Engineering

e Allegheny General Hospital

Planning

e Westinghouse Health Systems
o Westinghouse R & D Center

Radlology

o Westinghouse Health Systems
e North Hills Passavant Hospital, Pittsburgh

Sterilization
e Sybron Corporation - The Castle Company
Ward Management

o Westinghouse Health Systems
e University of Pittsburgh, School of Nursing
e University of Michigan, Progran: in Hospital Administration

The specific data gathering techniques used by each study group are

discussed In the technical approach portion of each SOA section.



3. SURVEY RESULTS

GENERAL MEDICINE

INTRODUCTION

The present health care system in the United States is having great
difficulty meeting the needs of an increasing population, and new solutions
must be devised and implemented if the overall health care problem is to be
solved. Our traditional medical care delivery systems have evolved with
little deliberate planuing for comprehensive care, although regional medical
programs and comprehensive health programs represent attempts by the
Federal government to deal with specific segments of the problem.

In the past decade dramatic changes -- increasing affluence, new pur-
chasing power from private and public insurance plans (Medicare and Medicaid),
more education and consciousness of health, rapid growth in the youngest and
oldest segments of the population, and continuing urbanization -- have
greatly increased the lemand for health care. Possible developments in the
near future could further intensify demand, for example, a national health
insurance program. The Health Manpower Commission has projected the
demand for all physician services in 1975 at $24 billion, double that of 1969,

The heart of the traditional medical-care delivery system is the physician
and, therefore, any realistic solution to the medical care problem depends
upon the supply and utilization of physicians. The number of doctors presently
administering patient care, however, is insufficient, for the following
reasons:

1. In recent years many doctors have turned away from patient
care to research activities, public health, and industry. At present, approxi-

mately one-third of the total number of physicians are engaged in these
activities. Consequently, despite increased demand, the number of physicians

actually caring for private patients has declined. Between 1950 and 1955 the
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ratio of physicians to population was 135 per 100,000; today the ratio is 92
per 100,000 population. Subtracting the specialists further reduces the
physicians providing family care, i.e. the general practitioners, internists,
and pediatricians, to only 50 per 100, 000,

2. Geographical distribution of physicians is extremely uneven.
In New York state at the end of 1967, there were 200 physicians caring for
each 100,000 residents; Mississippi, on the other hand, has 69 for each
1004000. Even in the most favored states extreme distortions are common;
private physicians are as difficult to find in some neighborhoods of New York
City as in backward rural counties. In general, doctors are plentiful only in
the suburbs and in middle sized cities where people can best afford their
services,

3. Several medical schools are in poor financial condition due to
the combination of rising costs and reductions in federal aid.

Even if the output of our medical schools could be doubled -- an almost
impossible feat -- the supply of doctors in relation to projected population
would not be sufficient 20 years from now. Consequently, we must concentrate
on how to increase the efficiency of available physicians,

One method is to employ trained paramedical personnel to relieve the
doctor of routine tasks, The military has pioneered this concept, utilizing
the trained medical corpsman or the '""medic" as an integral part of the medical
corps of the three services. These men form a pool of 1aedically trained
personnel, Some corpsmen have, among other things, as many as 70 hours
of experience and training in preventive medicine; from 70 to 130 hours in
medicine and surgery; 92 to 190 hours in pharmacology, advanced on-the-j.b
training in out patient clinics, and on-the-job iraining in general medicine;
from 120 to 200 hours of trauma, minor surgery, and fleld surgery; perhaps
40 hours of emergency room on-the-job training; another 30 hours of on-the-
job training in general surgery; 40 hours in orthopedics; 98 hours in surgical
procedure; 30 to 55 hours in microbiology and laboratory medicine.

3-2
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About $25, 000 is invested in the training of each medic; unfortunately,
this investment is ‘'.sually lost when he leaves the service and enters civilian
life. The National Research Council has estimaed that 30,000 trained corps-
men leave the Armed Forces each year. An HEW memorandum by Doctor
Roger Egeberg noted, however, that about 60 percent of medics leaving the
Armed Forces are interested in additional education to qualify for civilian
jobs in heaith care, and that about 15 percent are qualified to move immedi-
ately into civilian jobs in medicine. In 1969, HEW Secretary Finch and
Assistant Secretary Egeberg established the Office of New Careers with the
top priority of developing programs for medical corpsmen returning from
Viet Nam, The state of Maryland has just passed a bill to permit certification
of ex-medics as licensed practical nurses. Although a good idea, this program
does not give enough recognition to these men who are above the usual
LPN in ability and training.

The Committee on Emergency Health Manpower of the American Medical
Assoclation's Council on Health Manpower has drawn up a set of guidelines for
development of new health personnel categories such as "physician's assistant."
In December 1969, these guidelines were discussed with directors of physician's
assistants training programs,and a cooperative program wei estublished to
clarify the roles of the physiclan's assistant, the educational levels desired,
and the need for certification, licensure, or changes in medical practice acts.

The major training programs for physician's assistants are the Medex
Program at the University of Washington, the Duke University Physician
Assistant Program, and others at the Cleveland Clinic, Alderson-Broadus
College in West Virginia, the University of Colorado Medical Center, Bowman
Gray School of Medicine, Pacific Medical Center, Grady Memorial Hospital
in Atlanta, Baylor College of Medicine, Emory University School of Medicine,
University of Pittsburgh, and Ohlio State University. Additicnal programs are
in preparation at the University of Kentucky School of Allied Health Professions,
the Brooklyn-Cumberiand Medical Center, Oklahoma State University, and the

University of Colorado.
3-3



i these programs are aeeepted by the medical profession, individual
physicians, the states, and patients, they will not only alleviate the manpower
shortage but will also tend to attract more capable men into the medical corps-
men section of the military service by providing motivation for a post-service
earcer in the health professions, State medieal practice and insurance laws
will have to be reevaluated and altered, but the proponents cf the physician's
assistant coneept believe that once the benefits are demonstrated, the changes
will be made.

Another method of increasing physician efficiency Is to reileve doctors
of some tasks which can be automated by a computer. History taking, for
example, is being automated by computer at the University of Wisconsin and
elsewhere. Doctor L. Weed at the University of Vermont is developing pro-
grams for a new record format which he belleves will record and highlight the
pertinent information and will result in more efficient and thorough handling
of the patient.

Several facilities are offering semi-automated multiphasic testing to
physician-referred patients. This technique is described in the state-of-&rt
report on multiphasic testing and is mentioned here because it alds the physician
but does not substitute for him. A physician armed with the results of a test
package performed at one of these centers may be able to "zero In" on the
patient's health problem(s) far more expeditiously than by starting fresh with
the patient. And for the asymptomatic, healthy patient, the physician time
requirement for completion of the periodic health examination should be a

fraction of what it is now,
Another method by which physician time can be conserved is the use of

algorithms which have proven useful in both diagnosis and treatment, Algorithms,
whether flow charted or not, enable less skilled personnel to gulde the
Initial phases of diagnostic management of symptomatic patients.
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Attempts are being made to develop totei hospital information systems
in order to improve the traditional techniques of storing and transmitting
medical data which are not only incefficient In terms of today's demands but
may prove detrimental to patients. The computer is also finding its way into
the clinical laboratory, cardiology, radiology, nuclear medicine, and other
disciplines. The present and future roles of the computer are discussed in
the communications and data management section.

Increasing the amount of physician time devoted to direct patient care,
however, is not the ouly problem, The Health Manpower Comm..ssion has
declared that "if additional personnel are employed It the manner and within
the present patterns and 'systems' of medical care, they will not avert, or
perhaps not even alleviate the crisis, Unless we !mprove the system throvgh
which health care is provided, care will continue to become less satisfactory.”

Extensive changes must be made in the health care system to eliminate
the financial distortion and managerial redundancies. Costs could be reduced
If hospitals were as efficiently administered as industrial institutions.
Although only physicians are qualified to practice the art and science of
patient medicine, the management of medical care can and should be delegated
to administrative specialists.

Ancther means of upgrading health care is to institute outpatient clinics
to accommodate the Increasing number of people who cannot be treated by the
dwindling supply of general practitioners. These patients are currently going
to hospital emergency rooms or outpatient departments because they know that
the hospital represents the "composite' physician -- the many doctors and
paramedical personnel and equipment which are tallored to meet the patient's
needs, Indeed, during the last five years, the number of visits to the emergency
rooms has grown exponentially and some hospitals are now reporting a profit
on their emergency departments,
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Emergency rooms, however, are becoming extremely overcrowded,
and group practices with or without prepaid health plans are being started to
accommodate the patient overflow., The Mayo Clinic, the Lahey Clinie, and
the Ochsner Clinic are perhaps the best known of these. Smaller groups, but

e~ -—— ey @R

scrving their communities well, include the Gelsinger Medieal Center in
Danville, Pennsylvania, and the Trover Clinie in Madisonville, Kentucky.

To provide improved and specialized services, some physicians are
moving towards a hospital-based practice since medical technologists and
specialists arc readily available; sophisticated equipment is accessible; and
their hospitalized patients may be within walking distance. The hospitals,
however, have been unprepared for the influx of doctors seeking hospital
affiliation and have had to develop additional facilities and staff.

To extend care to greater population segments,prepaild medical care
delivery systems are being implemented. The Kalser-Permanense plan, for
example, presently serves over two million subscribers treated at outpatient
centers, clinies, and hospitals in California, Oregon, Washington, and Hawalil,
and in Cleveland and Denver. The plan provides comprehensive health care at
an annual cost of $100 per capita, which is approximately two-thirds the cost
of comparable care in most parts of the country.

The health plan and the hospitals are organized as nonprofit operations,
and the medical groups in cach area are autonomous partnerships. The plan
income provides funds for teaching, training, and research and pays competitive
incomes to 2, 000 physicians and 13, 000 non-physician employees. With the
prepald care delivery systems, the usual economics of medich:e are reversed
by rewarding the doctors for subscribers' good health,

Many hospitals are planning ambulatory care centers similar to those of
the Kalser-Permanente plans since the majorportion of patients can be treated
without being hospitalized and such centers offer a "laboratory" relatively free
of the pressures and crises indigenous to the hospital. Moreover, It is belleved
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that independent ambulatory care centers can be more cuickly implemented
(within threc yecars at the community levei) and have an inherently greater
potential for replication (a national impact in ten years) at lower costs and
with less disruption than a system designed for inpatient services, The ultimate
goal, however, is to develop technologicai devices and methods that will have
sufficient flexibility to be applicable to both inpaticnt and outpatient services.

Another mecans of improving health care is to apply industrial enginecer-
ing methods and systems analysis techniques to health problems, especially
thosc relating to the use of the physician's time and allocation of space. The
Children's Bureau of HEW, for example, initlated a systems analvsis of
Johns Hopkins Hospital in 1967. This program is discussed below in the
pediatrics scction,

In the following sections medical practice is presented under the general
divisions of Medicine and Surgery. These two sections are not subdivided into
state of the art and advanced technology hecause the distinction between the two
Is not well defined. The practice of medicine adopts new developments at a
rather slow ppce, demanding that all technologics, pharmaccuticals, and con-
cepts be tried, tested, and found true. Consequently, some state-of-the-art
developments ave considered advanced technology since they must undergo
further study and will not be ready for implementation by 1972,

In our study of medicine, we investigated only those advances most
pertinent to the military Base Level Health Care System. We further limited
our discussion to those medical disciplines that show definite promise of
Iimplementing new techiologies in the next ten years. These disciplines
include: preventive medicine, cardio-vascular disease, pediatrics, endocrines,

psychiatry, gencral surgery, and cbstetrics.
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TECHNICAL APPROACH

Information for the state-of-the-art survey of gencral medicine was
obtained by personal interviews with health care persennel including faculty
members of the colleges of medicine of:

Emory University

Johns Hopkins University

Harvard University

University of Georgia

University of Pittsburgh

Graduate School of Pwblic Health, University of Pittsburgh
Johns Hopkins School of Hyglene

School of Nursing, University of Pittsburgh

Allled Health Science School, State University of Georgia

Also interviewed were individual physicians in private practice, as well

as physicians assoclated with the following hospitals:
Oakland Veterans Administration Hospital, Pittsburgh
Grady Memorial Hospital, Atlanta
Georgla Mental Health Institute
Atlanta OEO Clinic
Some of the health care professionals interviewed were:
F. J. L. Blasingame, M.D., Consultant, Chicago, Ilinois
A. Bollet, M.D., Medical College of Georgia, Augusta, Georgia
T. M. Botts, M. S., Beth Israel Hospital, Boston, Massachusetts
P. Bourne, M.D,, Atlanta OEO Clinic, Atlanta, Georgia
E. Bronstein, M.D,, Medical College of Georgia, Augusta, Georgia
R. A. Chez, M.D., University of Pittsburgh, Pittsburgh, Pa,
R. Conn, M.D., The Johns Hopkins Medical School, Baltimore, Md.
T. Fitzpatrick, M.S., University of Pittsburgh, Piitsburgh, Pa.
E. Friedman, M.D,, Harvard Medical School, Boston, Massachusetts
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J. R. Haverty, M.D., Georgia State University, Atlanta, Georgia
M. F. Hill, Ph,D., University of Pittsburgh, Pittsburgh, Pa,
F. C. Jackson, M,D., U.S. Veterans Administration Hospital,
Pittsburgh, Pa,
R. J. Johns, M.D., The Johns Hopkins Medical School, Baltimore, Md.,
D. Kendrick, M.D., Grady Memorial Hospital, Atlanta, Georgia
H. J. Kroeger, M.D., University of Pittsburgh, Pittsburgh, Pa,
G. C. Lawrence, M.D., Atlanta OEO Clinie, Atlanta, Georgia
J. W, Love, M.D., The Johns Hopkins University, Baitimore, Md.
F. D. W, Lukens, M,D., U.S, Veterans Administration Hospital,
Pittsburgh, Pa,
E. J. McCrsaje, M,D., Medical College of Georgia, Augusta, Georgia
W. Moretz, i1.D., Medical College of Georgia, Augusta, Georgia
I. Ramey, Ph,N,, University of Pittsburgh, Pittsburgh, Pa.
C. Rumble, M.D., University of Pittsburgh, and private practice
Pittsburgh, Pa.
E. Saitz, M.D., University of Pittsburgh, Pittsburgh, Pa.
B. S. Schifrin, M.D., Harvard Medical School, Boston, Massachusetts
W. A. Scoggin, M.D., Medical College of Georgla, Augusta, Georgia
T. Sellers, M.D., Grady Memorial Hospital, Atlanta, Georgia
J. Skobba, M.D., Georgia Mental Health Institute, Atlanta, Georgia
T. B. Turner, M.D., The Johns Hopkins Medical School, Baitimore, Md,
P. D. Webster, M.2., Medical College of Georgia, Augusta, Georgia
R. Wells, M.D., Emory University, Atlanta, Georgia
D. Wenger, M,D., George \Washington University, Washington, D.C.
K. L. White, M.D., The Johns Hopkins University, Baltimore, Md.
S. Zimbler, M.D., Harvard Medical School, Boston, Massachusetts
A number of pcriodicals, journals, and books were reviewed. Those
from which material was obtained are listed in the bibliography at the end of
this section,



STATE OF THE ART -- MEDICINE

Preventive Medicine -- Virus Prophylaxis and Therapy

During the last few years, and especially in 1969, advances have been
made in virus prophylaxis in the areas of vaccines, antibiotics, and multi-

phasic screening/testing.

Vaccines

New rubella and measles vaccines were recently developed and a drive
is currently underway to vaccinate 50 million school children by 1971, These
two vaccines will reduce the incidence of these diseases in children and thus
reduce the clinical load on general practitioners and pediatricians. Their
biggest impact, however, will be in the future; if, as has been predicted,
rubella and measles are eliminated, the damaging effects upon the fetus of a
pregnancy complicated by rubella will also be eliminated.

Other advances expected are listed below:

1. A viral agent that causes infectious hepatitis has been dis-
covered. While this agent may not be the only etiological
factor, significant advances in the therapy and prevention of
hepatitis will be made.

2, A vaccine against type C meningococcal meningitis has been
developed by the Walter Reed Institute of Research and is
being tested at military Installations.

3. Another vaccine has given complete protection against pseu-
domas infection to almost 100 badly burned patients at the
Shriners' Burn Institute at the University of Cincinnati,

4, During the 1970's a safe and effective mumps vaccine should

be available,
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5. Influenza vaccination may be added to routine child immuniza-
tion programs, although it is doubtful that the public will
accept the repeated vaccinations needed to ensure immunity.
Improval inactivated vaccines are likely to be available in
the early 1970's and safe attenuated vaccines by 1980,

6. Since fln vaccine will often not contain the appropriate non-
resident strains of virus, prophylactic chemotherapy may also
be eniployed at the approach of an epidemic., Although effective
vaccination against rhinoviruses is difficult because of the
many different serotypes, multiple oral vaccines may become
available and be accepted by the public which has always
sought protection from the common cold.

7. By 1980 attenuated vaccines may prevent viruses which cause

bronchitis in very young children.

Antiviral Compounds

Since vaccines alone cannot control virus infections, antiviral compounds
may be valuable particularly in prolonged diseases such as hepatitis. However,
many antiviral compounds which have some prophylactic action are too weak
to have any therapeutic effect. The development of more potent antiviral com-
pounds against respiratory infections In particular is likely to come by 1975,
but several problems have to be overcome, First, since antiviral compounds
must act on the virus within a living cell, a compound must be found which
attacks the virus without interfering with the cell's metabolism. Thus the
initial compounds are likely to have a very specific action and to be effective
against only a narrow range of viruses. Antiviral compounds are also likely
to act on the replication process, but the peak of replication of the viruses
often occurs before the symptoms appear. Because antiviral agents may be
inherently toxic, they will probably not be used for minor diseases for 20

years or more,
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Antibiotics

Available antibiotics will continue to increase in number and specificity and
are likely to be cheaper and more convenient, An expcrimental antibiotic,
rifampin, being tested at the University of Florida, has proved to be effective
as a prophylactic agent in mcningococci carriers. It is also being clinically
evaluated as an antituberculous and antigonorrhea agent.

A new drug, Hycanthon, is a potcntial prcventive against schistosomiasis,

a disease second only to malaria in global morbidity.

More rcsearch will be directed toward discovering the mechanisms of
bacterial infections and then to neutralizing them, leading to a new generation
of antibacterial substances by the 1980's. Prngress is likely to come in two
main stages. First, by the mid-1970's we will have a better understanding of
the natural history of chronic infections. More prompt and precise use of
currently avallable antibiotics should start to bring a significant reduction in
the number of people suffering progressive deterioration from recurring infections,
especially if pollution controls start taking effect. Fewer persons will have
permanent respiratory difficulties and fewer people will require renal dialysis
or kidney transplants by the late 1970's or 1980's. Pyelonephritis in those under
20 may have been arrested by that time.

The second stage of progress will come by the 1980's with the introduction
of more specific antibacterial substances resulting from present research,
Routine methods of screening high risk groups, &.g. pregnant women, for
renal infection should be efficient and economical. By these means early diagnosis
and control of urinary infections, for example, will be routine by the 1980's,
There will also be progress in identifying additional high risk groups from
the individual's life history.

The problem of antibiotic resistance is likely to become greater but will
be kept within reasonable limits by a better understanding of antibiotics and
specific measures, From about 1975 on, antiblotics will increasingly be

used In assoclation with antiblograms, In hospitals there will be an overall
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strategy for the use of antibiotics to limit the risks of cross infection. Moreover,
Improvements in public health policy will speed the identification of the pathogens

responsible for the outbreaks of infection.

Multiphasic Screening and Testing

Preventive medicine will receive increasing emphasis in the futurc. The
military is ahead of the civilian sector In this arca, with its programs of
periodic health check-ups, metabolic tests, and environmental controls.
However, the increased number of prepaid health care plans available to the
public, such as the Kaiser-Permanente plan, will enable more families to have
periodic examinations,

With the automation of the clinical laboratories, more diverse series of
tests can be performed on a single sample without increasing cost. Such auto-
mation is one of the economic bases of multiphasic screening and testing.
Multiphasic screening of apparently healthy people can detect abnormal condi-
tions early enough to permit preventive :measures to be taken, However, the
data obtained to date indicate that the yield of abnormal findings which are
conducive to preventive measures has been too low to justify, on an economic
basis alone, the installation of multiphasic screening centers.

The relative inaccuracy of the mechanized methodology presents a
problem which may be overcome, however, when improvements are made
in present testing procedures. Another problem is that automatic analytical
procedures have not been developed for all tests., Research is continuing,
and automated analytical equipment will be developed for more precise and
accurate determinations of a wider range of medically important paramcters.

Multiphasic testing of paticats admitted to the hospital provides rapid
analysis of a number of diagnostically important factors from a single sample.
Indeed it is cheaper to perform all the multiple analyses for which the system
is designed than to perform only selected tests. More potentially valuable

information is, therefore, available to the doctor. Diagnosis time may be
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shortened since fewer additional tests will need to be requested after the first
sct of tests is reviewed,

Results from muitiphasic testing are more aceurate than screening resuits,
since additional information is known about the patient and, if there are any
questions, he is avallable for a second dete rmination,

Branching computer programs in conjunction with automated laboratory
cquipment wi'l permit the performance of a second test or a series of tests as
a result of an abnormal finding by the initiai procedure. In many instances such
systems will enable the programmed sequence of tests to be performed on the
original sample thus eliminating delays of one or more days.

Cardio-vascular Discasce

Abnormalities of blood lipids, high blood pressure, dlabetes, obesity, and
cigarette smoking are considered important contributors to coronary heart
disease. Other suggested risk factors which are less amenable to control are
lack of exercise, an inherited tendency to the disease, and stress.

Great emphasis has been placed upon blood lipld levels, especially those
of chol¢sterol in ¢cardiovascular, particularly cornary, disease. A definite
answer as to how dietary changes affect blood lipids will not be available until
1980, If then. However, It is generally expected that the most likely means of
decreasing the body's absorption or synthesis of lipoproteins will not be dietary
changes but pharmaceuticals; the effectiveness of one important cholesterol-
lowering compound will be known by 1975,

When and If high blood lipid values are shown to be an etlologic factor In
vascular disease and effective remedial compounds are found, & screening
process will be used to identify abnormal blood levels {n young adults and
children. Safe and effective medications are avallable for prophylaxis of i
raised blood pressure. Routine blood pressure screening will be offered by
1975, and by 1980 annual blood pressure screening, possibly either by trained
technicians or by self-measurement, will be done,
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The association of diabetes with coronary heart disease, strokes, and
discases of limb arteries is already cstablished. The value of anti-diabetic
trcatment in preventing these diseases from developing in border-line diabetics
Is now being clinically tested. Once proof is available, widespread preventive
mceasures can be undertaken, including the screening for mild and pre-diabetics
as well as the institution of individualized treatment regimens,

Obesity is alrcady regarded us a medical problem, but experimental patient
educational and training methods are not very effective. Compounds which will
effectively ""use' calories without undesirable side effects are being sought and
may be available by 1980,

Evidence incriminating cigarette smoking will be stronger by 75, and
the number of high risk subjects who smoke will be reduced by 50 percent.

The effects of emotional stress upon the heart present a formidable problem,
but no counter measures seem likely by 1980,

Substantial progress In treating vascular disease must wait for the better
understanding of the mechanisms of vascular changes and hypertension. The
following cardio-vascular developments, however, are underway:

1. Blood clots may be prevented by new anti-coagulant compounds
which will be avallable by 1975. There are some doubts, however,
as to the effectiveness of anticoagulants in reducing the incidence
and mortality of coronary disease,

2. The mortality rate in the first hour after coronary thrombosis is
very high. It Is conceivable that a treatment modality will be
developed to be used immediately after the patient is seen by his
family doctor or possibly even by the patient himself as soon as
he senses an attack symptom. Hopefully such treatment will
protect the patient for sorme hours against the dangerous dis-
turbances of the heart's rhythm,
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The balloon diastolic augmentation system, which is being clinically
tested, is expected to be an effective aid in coronary attacks and
cardiogenie shock,  The ballocn is inseried into the femoral artery
through a smu!l incision and threaded up to the aorta. Depending
on the signal from the eleetrocardiogram, the balloon is Inflated
with earbon dioxide and deflated at appropriate times during

the pressure puise to increase the mean pressure. If proved
effective, this mechanism will be available by 1975,

A recently developed method employs ultrasonics to measure the
precise interjor ventricular dimensions at end-systole and end-
disatole permitting the exaet calculation of the stroke volume.

This value plus the heart rate can be used to ealculate cardiic

output. This ultrasonic method for determining cardiac output Is
simpler, cheaper, less traumatic, and probably no less accurate

than standard methods, such as the Fick, the dye-dilution, and
the anglogram techniques., Acceptance or rejection of this method
by the sclentific and medical community should be forthcoming by
1976,

In regard to angina pectoris, a condition allied to coronary
thrombosis, long acting preparations, such as sustalned release
nitroglycerine-llke compounds, are now being used to increase
the blood supply to the heart muscle. More effective ones should
be avallable by 1975, such as compounds which prevent anginal
attacks without depressing the cardiac muscle,

The identification of trace metals and other micronutrients whose
absence may be responsile for vascular damage is a promising
area for research. Developmant of sensitive quantitative tests
for these ;ubstances should be avallable by 1975, and replacement
therapy should be available by 1980.
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Pediatrics

in the last decade the most significant devclopments in pediatrics have
been:

e The children's anc, youths' programs of the Chlldren's Bureau

o The attack on viral diseases through vaccines such as thosc
against measles and rubella

e The increasing rcalization that the placenta is not a pro-
tective barricr and that the developing fetus may be influ-
enced by a number of factors such as drugs and matcmal
health

o The development of fetal and maternal monitoring devices In
labor and delivery

¢ The recogrition of a new subspecialty, neonatology, concerned
with the critical period of nconatal homeostasis

o The development of pediatric surgery for the correction of
congenital anomalies in the newborn, open heart work, and
kidney transplants,

Advances In pediatrics in the next decade, many of which will be extensions
of the above, are discussed below:

1. In this country, the need for uniformly high quality comprehensive
health care, particularly for children, is being increasingly recognized. Gross
inadequacies exist in the distribution of child health care services,and to alleviate
thie problem the Children's Bureau's comprehensive care clinic program will
be extended to additional population segments in more areas of the country,
These clinics or centers will also provide preventive medicine services Including
parent and child "patient'" education programs which should help reduce the
acute demands on the pediatrician.

2. As in all health care segments, pediatrics is burdened by Insufficient
manpower. By 1980 the American child population is expected to be greater
than 76 million. At today's patient physician ratio, an additional 100,000
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pediatricians will be required to care for these children. Since, however, only
about 12,000 physicians will enter pediatric practice by 1980, the only practical
solution is to increase the pediatrician's efficiency. ilis training, skills and
talents should be employed only vhere they are essential, and his direct role
with the patient redefined,

Trained pediatricians spend 75 percent of their time in the management of
well babies; the wider use of non-medical personnel to perform such routine
duties i8 uiow being investigated. These non-medical personnel could be recruited
from the nursing and allied health professions and occupy positions such as
"pediatrics associate' and "pediatrics assistant.” As the population of well
children expands, the need will increase for non-physiclan experts who can
identlfy ancillary and contributing health problems as they arise,

3. In 1967 the Children's Bureau initiated a program at Johns Hopkins
Hospital designed to apply systems analysis techniques to hospital and medical
problems. The operations of the Comprehensive Child Care Clinic are being
studied by means of total clinical procedural time studies, staff interviews,
work sampling, patient sequential floor analysis, information network analysis,
and the use of computerized clinic simulation. The information collected and
analyzed thus far has helped to define the portions of pediatric examinations
that can be performed by paramedical personnel. The data,which are beiag
compiled in a Clinic Self-Help Manual, will be disseminated to other clinics
through the Children's Bureau. This manual will provide a clinic director with
step-by-step suggestions to improve the effectiveness of his particular clinic,
including reviewing objectives, dividing the clinic into subsystems, and using
qualitative and quantitative measuring and analysis techniques. The manual
will also provide guidelines to determine how well a clinic Is performing, as
well as suggest changes and the means to effect them.

4. The vaccines developed against measles and rubella, which are being
administered to young children in a nation-wide program, will reduce the
incidence of these diseascs and their effects on the fetuses of the next generations.

3-18



e

5. Drugs, infections, and other factors such as radiation which
influence the devcloping fetus will be better understood through advanees in
prenatal diagnosis, and more immature infants and newborns wiil be saved by
improved surgical techniques and instrumentation. However, If abnormalities
arc due to chromosomsl observations resulting in genetic damz -, increased
fetal salvagc could conatribute to a rising ineidence of eongenital malformations
in the neonate., Continued developments In organ and tissue transplants, however,
may result in a better salvage rate of infants and children with serious congenital
abnormalities.

6. Increasing knowledge of genetic transmission of disecase, chromosomes,
and nucleic acid blochenistry, espceially DNA, will result in better genetic
consulting and better, quicker, and simpler screening methods for various
metabolic defects and disorders, both pre- and postnatal. Intrauterine diagnosis
by such means as amniocentesis will improve and become more widespread,
Improved diagnosis of metabolic and chromosome disorders inutero may prevent
many neurological disorders associated with metabolic defects. Indced, the first
successful intrauterine diagnosis of Tay-Sachs disease was just reported. The
potential of intrauterine diagnosis and chromosome and DNA aralysis has led
to the concept of ""cellular" or "'genetic engineering," with correction of
immunologic defects and artificial introduction of genetic information into the
cells of Individuals with inborn metabolism errors and other geuetic disorders.
Early intrauterine dlagnosis will become even more important as more states
liberalize or repeal ex!iting abortion laws,

7. Because of spiraling hospital costs, more mothers are "rooming in"
during the hospitalization of pediatrics cases. At the University of Kentucky
Medical Center, for example, the average daily cost per patient In the care-by-
parent unit is $20. 50, including maintenance of the parent, as compiired with
$44.50 in the general pediatric ward. The care-by-parent unit frees more
nurses to care for other patients; provides an excellent opportunity for parent
education particularly for those with high-risk,premature, chronlcally ill,
or retarded children; drastically reduces th2 cost of hospitalizing children both
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for the parents and the hospital; and provides an opportunity for medical trainees

to ohserve young parents in % more realistic setting -- almost a "home'" environment.
In addition, the patient and parents benefit, since the more parent participation,

the less emotiozal trauma,

8. The ecomputer offers the potential of entering the entire national
population in a health registry -- a monumental undertaking, Within the next
decade a start could be made to register cach child and record birth defects,
ilinesses, immunlzations, operations, and so forth, Records would be trans-
ferable from physician to physician or institution to institution.

9. Since a child's physical health is only one facet of his total wellbeing,
there is need to provide for total care of the family constellation.

10. A new medical specialty, adolescent medicine, will develop because
this group has unique metabolic and normal changes, psychosexual charscteristics,
drug-addiction characteristics, and special diseases which are more relevant to
or frequent at this age.

Endocrines

Very sensitive procedures, especially immunological and physical methods,
are rapidly being developed to quantitatively determine biochemical substances
and enzyme activity in all body organs. These techniques will permit studies of
the pathogenesis of many disorders, particularly endocrine and related metabolic
disturbances, leading to understanding and significant progress in their control.
Some specific develcpments should be that: .
l. Disbetes should be completely controlled by oral agents by 19765,
2, Treatment of thyrotoxicosis and ovarian disease will be simplified.
3. Atherosclerosis. which some cons'der to be a disease largely of
endocrine origin, may be controlled by 1980,

4. Protein hormones presently are natural products and are, therefore,
expensive. By 1980 improved peptide synthesis techniques should
make these hormones generally avallable at economic prices.
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Ps ychlatg

During the next 10 years over-population and the spread of technology will
prabably increase both anxiety states and ncurotic depressive states in the
general population. To cope with the expected increased demand for improved
mental health care, the trend is to implement ""ecommunity' psychiatrie techniques,
to use more paramedical personnci, and to develop drugs to aid in diagnosis

and treatment.

Community or Front Line Psychiatry

Communliy psychiatry, wherein the psychiatrist attempts to correet group
nroblems and so indirectly prevent individual problems, is coming to the fore-
front. This type of psychiatry will be facilitated by the establishment of community
hcalth centers with departments of mental health.

Psychiatrists now fcel that treatment for these problems should be given as
outpatient carc where the patient remains in his customary surroundings, with
his friends and other usual contact points. This trend will emphasizc less bed
care and morc community type counseling. Although ten percent of a general
hospital's beds are usually devoted to psychiatry, during thc next five to ten
years this should be reduced to only filve percent.

Community psychiatric practice has recently been introduced into the military
with beneficial results. Termed "front line" psychiatry, it deals with personality
and emotional problems at the dispensary level and at times reaches into the
barracks, involving Interviews with the patient's officers and fellow soldiers.

There is a growing recognition that all patients have some psychological or
psychiatric problems; therefore, paticnts -- particularly those hospitalized for long
periods such as orthopedic patients -~ should be given psychological examinations
and any necessary treatment, as well as be educated to cope with any psychological
problems that arise.

To ensure quality control in psychiatry, video tape and other audio-visual
methodology for recording interviews and trecatment will be uscd increasingly in
the next five years.
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Paramedical Personnel

To alleviate the problem of insufficient personnel in psychiatry, it is

proposed that ""mental health associates" be added to the existing psychologists,

social workers, and others on the roster of the psychiatric service. The two

levels of mental health associates, which are being used at the Georgia Mental

Health Institute in Atlanta with good results, would have two yecars of college and

on-the-job training and four years of college and on-the-job training, respectively.

Therapeutic Drugs

The psychiatrist has no laboratory or chemical tests to ald him in diagnosis

or treatment, and has only a limited armamentarium of drugs for therapy.

Although tranquilizers are a great help, present compounds are nonspecific and

are merely considered the crude beginnings of therapeutic drug measures. Much

drug research, however, is being done by pharmaceutical companies.

Researchers are trying to define the biochemical changes
involved in psychoses, an understanding of which should lead
to several more efficient and more specific medicines in

the next decades particularly for psychotic depressive illness.
More powerful antidepressants of the types presently avallable
are forecast by 1975,

Mood-normalizing compounds for manic-depressive states and
new antidepressant agents will be available by 1980,

By 1985 there will be stabilizing compounds for patients whose
manic-depressive states are assoclated with environmental
and personality factors.

Lithium salts are being used today in regulating some psychoses,
but the dosage control requirements arc so strict as to almost
preclude thelr use,

Progress towards specific medication for schizophrenia will be

slower. While there will be long acting (sustalned release)
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compounds of existing materials, truly specific medicines will
not appear in the next decade.

e In the organic psychoses, the control and prevention of dementia
will definitely progrcss by 1980,

® There will be progress towards control of psychoses having
origins in genetic or biochemical abnormalities. Genetic
counseling will reduce the incidence of certain types of mental
deficiencies, and better neonatal care will lead to the early

correction of nutritional and other casual deficiences.

STATE OF THE ART -- SURGERY

Advances In surgery will be the result of new and improved technology,
developments in immunology, and better understanding of pathogenesis.
Improved instrumentation, moreover, will enable surgeons to operate on and
care for their patients with greater safety and accuracy. As a result of these
scientific and technical developments:

1., Complex surgical procedures will become more commonplace.

2. The use of more sophisticated equipments will be dictated.

3. New design concepts and building requirements for operating

rooms will be developed.
4, The staffing of operating rooms will be altered.

5. Some surgical procedures may be performed outside the hospital.

Surgical Procedures

1, Various high-energy techniques for '"bloodless surgery' are being
developed, including upgrading radio frequency electrocautery, the plasma

scalpel, and various lasers that could both cut and effect hemostasis. The
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Lascr Laboratory at the Cincinnati Children's Hospital and biomedical
scientists at the University of Utah are doing cxtensive research on the use
of the laser technique.

2. The development of an open porc fiber titanium composite, which can
he molded into various shapes, sizes, and degrees of porosity, and into which
bone can grow is an exciting advance in the development of total joint prosthesis,
especially in the hip, More work must be done,but it is predicted that this
development will be one of the most important in orthopedic surgery in the next
five years.

3. Stapling devices, which were pioneered in Russia and are available
in several Russian, American, and Japancse models, have been used clinically
for vascular and intestinal anastomosis and various types of resectional surgery
including pulmonary surgery. There are problems assoclated with currently
available models, but great improvements in design and manufacture will likely
occur in the next five years. Stapling devices have the potential of reducing the
operating time in some procedures involving much suturing by as much as 50
percent and, therefore, can reduce the requirement for operating room time
and space.

4, A variety of human organs have been transplanted, including kidney,
heart, liver, lung, pancreas, endocrine and stomach and intestine. Of these,
only renal transplantation has been successful enough to have become established
as a therapeutic measure. The phenomenon of rejection remains the greatest
drawback to widespread application of transplant techniques, and this tremendous
problem will probably not be solved in the next ten years. However, as in all
sciences, the time of a significant breakthrough is unpredictable.

5. More engineered devices will be implanted in the human body to assist
or take over vital functions. Currently more than 100,000 cardiac pacemakers
are Implanted every year, and other cardiac devices are being developed, A
balloon circulatory assist or augmentacion system, which is currently being

clinically evaluated by the National Heart Institute, aids a failing heart by giving
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it a chance to recover. However, a more permanent implantable device is re-
quired to aid a patient who still maintains a basal level of cardiac performance
but could benefit from an additional 50 percent cardiac function. The patient
could then pursue a more active life, but, if the device fails, could still rely on
his residual cardiac capacity.

Mechanical hearts are being developed. If successful, they will probably
replace heart transplants, since even if rejection problems are solved, the
supply of transplantable hearts will be insufficient.

Artificial kidneys are now being used as an extracorporeal renal assist
device, as are other methods such as peritoneal dialysis. The chances of
developing an implantable artificial kidney appear remote because of the large
surface area required. Additional research is also needed on power sources,
removal of wastes, and coagulation.

6. Although the cause of the duodenal ulcer is unknown, recent evidence
suggests thaf it results from an endocrine deficiency. If this diagnosis is
correct, the need to correct peptic ulcer disease by surgery will end in the next
decade.

It is also possible that some forms of human cancer will be better controlled,
if not eradicated in this decade. Choriocarcinoma, for example, appears to have
been cured by chemotherapy, and viral etiologies are being seriously considered
for several types of cancer including leukemia. Such advances may help to
alleviate the surgical workload.

7. Doctor James L. Goddard has estimated that one million wound infections
occur each year among the 156 million people undergoing surgery. These post-
operative infections result in increased mortulity, morbidity, and economic
loss, and often double the length of hospitalization required. Although many

researchers have attacked this problem, no immediate solutions are apparent.
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Sunyrical Equipment

The surgical monitoring instruments which are on the horizon continuously
measure critical physiologie phenomena, such as the oxygen level of the blood,
or partial pressure of oxygen; carbon dioxide level in the blood; pH or acidity
of the blood; cardiae output; the volume of circulating blood; and blood pressure.
Small dedicated eomputers will monitor these functions, recognize trends, and
alert the surgeon or anesthesiologist immediately in any emergency.

Although current oxygenators are considered adequate for the time consumed
by heart surgery, engineers are working on new types of oxygenator membrancs
that can transfer enough oxygen and carbon dioxide to sustain life for lenger
periods, especlally during post-opcrative care. The biggest development in this
field is the prevention of toxic denaturation as the blood Is being oxygenated, a
phcnomenon caused by direct contact between blood and the gas. An additional
research device is the heart-lung machine, which is far from a fully developed

device,

Continous monitoring, which is more likely to enable early Identification
of trends and permit immediate corrective actici to be taken, will be used more
often than intermittent monitoring. It is far better to watch a continuous monitor
and spot a falling pO2 and a rising pH in a patient with Incipient respiratory
insufficiency than to use these measurements to confirm a problem that has
already developed.

Another aid to surgery has been fiber-optic systems which offer flexibility
and "cold" light. The advent of fiber optics has greatly improved endoscopy,
and wound retractors with integral flber optic illumination are being used,
especially in cardiac surgery. Although the fiber optic tips are occasionally
covered with blood which then must be removed, this nuisance is considered
minor in comparison to the advantages of good illumination of the operative fleld.

Disposable goods, which eliminate the need for laundering, instrument
cleaning, and sterllization, are becoming increasingly popular, since they assist

in reducing personnel cost, perhaps the fastest rising of all hospital costs, It
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is projected that by 1978 disposables will account for ten percent of all hospitai
supplies and cquipment. A wide variety of single usc items for surgical arcas
are available, such as:
a. Sterile opcrating gowns, caps, faice masks, and conductive
foot covers
b. Basic operating room packs, containing such things as outcrwrap,
table cover, Mayo Stand cover, opcrating room toweis, and utility
drapes, which may be used in combination with drapes adapted to
specific procedures: mastectomy, laparotomy, cystoscopy, lithotomy,
obstetrics
c. Tapes, dressings, Incisc drapes, prep razors, pads, and underpads,

Surgical Suite

Although the American Hospital Association design check 11st (1965) Identifics
161 items to be considered In designing an operating room suite, the ideal suite
has not yet been bullt. However, the Hill-Burton program offlce is working
on surgical suite guidelines for publication in 1971.

The size of the operating room is a changing requirement since general
surgery requires 450 square feet; cardiovascular surgery requires 540 square
feet; and endoscopy requires only 350 square feet., Ceilings shaild be 10, 5 to
11.5 feet high.

Conductive flooring, as well as explosion-proof electrical outlets and
equipment, will still be required through 1975. It is expected, however, that
by that time all anesthetic agents will be non-flammable, thereby eliminating
the danger of explosion.

Communication between the operating room and other hospital areas wil!
be markedly improved during the next few years, Television cameras with
full tilt, zoom capability, and remote control are now being Iincorporated in
the overhead surgical light to enable remote viewing of operations. Audio is
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also incorporated so that surgeon can deseribe the procedure. The number of
students and physicians who can observe surgical procedures is no longer limited
to the few who can "look over the surgeon's shoulder,”

As a result of recently developed magnetic video dise systems, high
quality images can be calied up by an easily operated access system and displayed
on & monitor in the surgery area., Radiographs, laboratory results, and other
information arce instantancously available, and an Image of a frozen section of a
pathological specimen could be transmitted to the operating room from the
pathologlst's microscope. Another development permits a modified black and
white television camera to image a microscope field In color,

In the next few years most operating rooms will mount a diagnostic X-ray
unit on the ceiling so that it can be positioned for radiography and fluoroscopy

during surgical procedures.

Staffing

Operating room experience has recently been deleted from the curriculum in
virtally all nursing schools, whether diploma, associate degree, or baccalaureate
program; these nurses will be replaced by surgical technicians who are being

trained In increasing numbers for this purpose.

Outpatient Surgery

About 20 percent of all surgery being performed in hospitals is estimated
to fall in the category of procedures too complicated for the physician's office
but not of a magnitude requiring pre- or postoperative hospitalization, To
relieve the surgical suites of these cases, the concept of outpatient surgery
under general anesthesia is being implemented by the medical schools of
U.C. L.A., and George Washington University.

The ability to perform many surgical procedures on an outpatient basis
is the result of the use of short-acting anesthetics allowing rapid recovery. By
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1975 substantial improvements in short-acting anesthetics may lead to recovery
as abrupt as waking from ordinary sleep. After 1975 chemical methods should
be replaced largely by electrical anesthesia, whick should reduce surglcal
shock and other complications of surgery.

This year, two anesthesiologists in Phoenix, Arizona, have extended the
concept of outpatient surgery by building a Surgicenter which provides
surgical services in a building totally detached from a hospital and without, in
fact, any sponsoring parent hospital. The objective is to provide streamlined,
efficient medicz! care,

The Surgicenter is a one story bullding approximately 90 x 65 feet and
housing 4 operating rooms, & 12 bed recovery room, a reception-waiting area,
dressing rooms, and lounge rooms for doctors and nurses. Conductive flooring
was not required because inflammable anesthetic agents are not being used,

The two anesthesiologists who founded Surgicenter decide which natients
and which surgical procedures are suitable for the center. Physicians, both
surgeons and anesthesiologists, are allowed to do procedures at the Surgicenter
if they have corresponding privileges at the local community hospitals, All
anesthesia is administered by fully trained and certified anesthesiologists.

Surgicenter is designed for patients who arrive in the morning, have their
operation performed under general or any other type of anesthesia, and then
return home the same day in the company of & responsible adult. Patlents, who
must be the best possible anesthetic risks, are examln~d, diagnosed, and
given a recommendation for surgery by their private physicians. A complete
blood count and routine urinalysis must be done within a week of the scheduled
operation, and a small laboratory at Surgicenter may be used for this purpose.
All tissues removed are submitted for pathological examination, and the
tissue report then serves as an index of quality control. Transfer ugreements
have been negotiated with local hospitals in case a patient unexpectedly requires
hospitalization,
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TABLE 1: PROCEDURES PERFORMED AT SURGICENTER

INTEGUMENTARY

Excislon of skin, subcutaneous

tissue or mucous membrane for

biopsy

Avulsion of nall

Split skin grafts

Full thickness skin grafts
Abrasion of skin

Change dressings or remove siiitches

Electro-surgical destruction
Biopsy of breast

Excision cyst or tumor
Mammoplasty, augmentation

MALE GENITAL SYSTEM

Dorsal slit

Biopsy of penis
Circumcision, infant
Circunicision, adult
Testicular biopsy, needle
Testicular biopsy, incisional
Biopsy of epididymis, needle
Exploration of epididymis
Aspiration of hydrocele
Vasectomy

Biopsy, prostate, needle

FEMALE GENITAL SYSTEM

Biopsy of vulva
Hymenectomy

Excision of Bartholin's
Biopsy of vaginal mucosa
Dilation of vagina under
anesthesia

Pelvic exam under anesthesia
Culdoscopy

Biopsy of cervix
Insertion of I.U.C.D,
D&C

D & C & biopsy
Hysterosalpingogram

RESPIRATORY

Blopsy, solt tissue, nose
Excision of nasal polyp(s)
Submucous resection
Rhinoplasty

Antral lavage or puncture
Laryngoscopy

Laryngoscopy with F.B. removal
Tracheotomy

Bronchoscopy

Bronchoscopy with biopsy
Bronchoscopy with injection of
contrast media

Closure of tracheostomy

DIGESTIVE

Lip peel (Vermilionectomy)

E sophagoscopy

Esopliagoscopy with biopsy
Esophagoscopy with F.B. removal
Gastroscopy

Gastroscopy with bLiopsy
Prociosigmoidoscopy

Above with biopsy

Above with removal of polyp
Endoscopic r¢moval of F. B.
Enucleation or excision of
externzl thrombotic hemorrhoid

URINARY SYSTEM

Renal biopsy, trochar or needle
Transurethral resection, vesical
neck, female or child
Cystoscopy only

Cystoscopy and retrograde
Cystoscopy with biopsy
Cystoscopy with fulguration
Cystoscopy with dilatation of
bladder
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TABLE 1: PROCEDURES PERFORMED AT SURGICENTER - (Cont'd)

URINARY SYSTEM - (Cont'd) NERVOUS SYSTEM
Cystoscopy with removal of foreign Subdural tap through fontanclle
body from urethra or bladder (Infant)
Meatotomy Spinal puncture, dingnostic, initial,
Urethroscopy with study of hvdrodvnamics
Dilation of urethral stricture Injection procedure for mvelography

Nerve blocks
Neurography and neuroplastics
MUSCULOSKELETAL

Biopsy of bone marrow EYE

Reduction nasal fracture, open

Reduction nasa' fracture, closed Gonioscopy, adult or infant
Reduction fracture of mandible, Fundoscopic

closed, with wiring Goniotomy

(and similar): - Closed reduction Secondary implantation of
of simple fracture of shaft with integrated implant

cast and X-rav Keratotomy

(and similar):-Arthrotomy and/or Paracentesis

synovectomy of finger and other Removal of foreign body from
small joints surface of cornea

Closed reduction, dislocation Pterygium

shoulder Sclerotomy

Inciion of fibrous sheath of tendon  Irrigation and/or air injection
{cr stenosing tenosynovitis, including Into anterior chamber

freeing of tendons or removal of Excision of lesion of iris
foreign body Iridectomy

Tenotomies Extraction of lens

Fasciotomies and fasciectomies Reattachment of retina
Tendon repair and tenolysis Any type of muscle operation

Chalazion
EAR Ectropion repair
Suture of conjuctiva
Biopsy of ear Biopsy of conjuctiva
Otoscopy with or without removal Excision of cyst
of fereign body in external Excision of lacrimal gland
auditory canal Excision of lacrimal sac
Otoplasty, of cartilage Catheterization of nasolacrimal
Myringotomy with or without duct with implantation of tube
insertion of poly tubes or stent
Myringoplasty Dilation of punctum
Tympanoplasty without Probing of nasolacrimal duct
mastoidectomy Probing and/or irrigation of
canaliculus
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The Sungicenter patient is charged a single, all-inclusive fee ranging from
$60 for the simplest procedures to $135 for the more involved procedures, These
figures represent approximately a 50 percent reduction in past hospital changer.

A list of procedures appears in Table 1.

Obstetrics

Some developments in the initial stages in obstetrics will un- !
doubtedly exert increasing influences during the next several yvears, including
fetal monitoring in labor, the analvsis of amniotic fluid aliquots during "
pregnancy, and indirect tests to ascertain placental function.

Fetal monitoring, which is being instituted in more and riore

e

hospital obstetrical departments, is usually applied to well defined pre-
dictable high risk patients, Current intrapartum fetal monitoring consists
of continuous monitoring of the fetal pulse rate and intrauterine pressure,
and intermittent monitoring of the maternal and fetal blood pH and bilood
gases. The fetal heart rate pattern is influenced in specific ways by
anoxia and pH imbalance. Changes in these parameters alert the staff to
perform remedial action including immediate delivery, which can signifi-
cantly reduce perinatal morbidity and mortality.

An extension of fetal monitoring is the concept of a "perinatal
intensive care unit" specifically equipped with monitoring equipment with
both bedside and nurse station displays and organized for the controlied
induction of labor,

Increased knowledge of the physiology of the uterus during
pregnancy and delivery has enabled the obstetrician to control and schedule
the time of delivery with the use of exogenous hormones and to accurately
observe and manage this critical life process. The elective induction and
then control of labor is expected to become widely used, if not routine, by
1975 and will have an impact on staffing and facility utilization., Non-
fnvasive instrumentation for obtaining the fetal electrocardiogram or pulse
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rate is being developed and will be available within one year, and continuous
monitoring of blood gases and pH should be available by 1973, These and
other inputs will provide servomechanism relationships to the induced labor
pattern,

A comparatively new method of assessing fetal well-being is
the analysis of amniotic fluid constituents during pregnancy by a proceriuve
called abdominal amniocentesia. Amniotic fluid and its solutes are in
dynamic equilibrium with both mother and fetus; the concentrations of
various constituents such as creatinine and bilirubin provide information
hitherto unaitainable as to gestational age and hemolysis.

Technology is now available to culture fetal cells from amniotic
fluid and then to determine chromosome abnormalities and sex by means of
cytogenetic methods., The nature of any abnormalities could affect the
decision on whether to terminate a pregnancy or could indicate whether
the defect is correctable. Intrauterine fetal blood transfusion is now
practiced, and corrective fetal surgery will be performed in a routine
manner by 1980.

Increased certainty that the placepnta elaborates some hormones,
metabolizes others, and selectively transfers various drugs and agents has
increased the accuracy of assessing placental function by examining maternal
blood and urine and amniotic fluid. This trend will continue and as r*smical
methodology improves, may become part of the routine prenatal care for

all patients,
The use of ultrasonics is just being introduced in obstetrics and

is expected to expand in the next few years. Ultrasonics can locate the
position of the fetus and placenta without the inherent risks of radiological
or nuclear medicine techniques. It can also accurately determine the
biparietal diameter of the fetus, which is needed to. pin-point the
gestational age, and can diagnose an early pregnancy, as well as the

presence of pelvic masses.
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Other recent developments which will diminish infant mortality
are the newly developed vaccines against measles uand rubella and
sensitization to rhesus factor. Continued advances in these areas are

expected,

High quality in-hospital care, however, is not the total answer
to obstetrical problems. Socio-economic factors play an important role
and where adverse problems exist beyond the hospital, the physician and
his staff must attempt to recognize and eliminate them. The implementation
of a comprehensive health care program will aid greatly. Moreover, the
present level of prenatal care and education should be extended by using
audio tapes, motion picture films, and video tapes for instructing patients
before and after delivery. These education techniques, moreover, will
relieve the physician and nurse of some time-consuming duties,

The significant effect of family planning on hospital obstetrical
departmients is reflected in the decreased number of beds in use, and, in
some cases, their elimination. In the United States today, about $25 to
$35 are spent per patient per year for this purpose. Since one premise
of family planning is that the wanted pregnancy should have every advantage
of resulting in a healthy infant, the money and effort devoted to family
planning is likely to increase.
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CLINICAL LABORATORY

INTRODUCTION

The clinical laboratory is a service function which qualitatively and/or
quantitatively examines body fluids and tissues for diagnostic and thera-
peutic purposes. The clinical laboratory attempts to provide objective
evidence of pathological conditions to confirm a presumptive diagnosis, and
supplies ir “ormation important in assessing the degree of perturbation
essential in making a patient's prognosis.

Additional objectives of the clinical laboratories are: (1) to improve
the quality of test results, and (2) to decrease the time lag between the
physician's authorization of a particular test or series of tests and his
final reception of the test results. Too frequently, because of the time
lag, test results provide only academic information instead of information
needed for diagnostic and therapeutic decision making.

To assist in defining the objectives of improvement alternatives
for the clinical laboratory,the following questions should be considered,

1. How can the physician most effectively communicate with the
laboratory to reduce the time lag between request for test
procedures and the final result report?

2. How can laboratory personnel ensure they are collecting the
specimen from the correct patient?

3. How can the specimen and analysis results be distinctly
identified throughout the entire test cycle, even when samples
are collected on a batch basis or when aliquots of a sample are
tested in several laboratory areas?

4. How can a single sample or a batch of samples be analyzed in
the minimum amount of time and yet maintain quality test

results ?
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5. How can the various test results from aliquots of a single sample
be brought together and then transmitted to the physician?

6. What is the most effective way of providing administration with
billing information?

7. What is the most efficient way of maintaining test records for
a particular patient for future reference? Should test copies be
kept in the hospital records as well as in the pathology file for
compiling annual work load information and evaluating personnel
laboratory performance?

8. How can stat procedures and transmittai of test results to the
physician be handled in the laboratory without interrupting the
routine activities?

9. How can laboratory test procedures be standardized to decrease
the necessity for individual specimen treatment?

10. How can physicians be encouraged to order batteries of tests
on admission to eliminate multiple individual test ordering
during the patient's hospitalization period?

12, Does the volume of laboratory work justify the installation of
high volume automated analyzers, and do such analyzers
necessitate an automated data handling system?

12. Is the hospital concerned with multiphasic screening?

In the following state-of-the-art discussion, some general trends in
the clinical laboratory are listed and then improvemenf alternatives in
the various clinical departments are detailed. The advanced technology
section includes concepts or techniques that a'x"e in the research and

development stage and will not be available for implementation by 1972.
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TECHNICAL APPROACH

In conducting the statc-of-the-art study of clinical laboratories, we
first revicwed pertincnt articles appearing over the last five ycars in

periodicals such as Laboratory Management, Clinical Chemistry, Journal

of the American Medical Association, Laboratory Investigation, and

Medical Laboratory. Selected articles are included in a bibliography at

the end of this section.

We contacted manufacturing specialists such as the Instrument Division
of the Perkin Elmer Corporation in Norwalk, Connecticut, the Fisher
Scientific Company in Pittsburgh, and Beckman Instruments, Pittsburgh.
After gaining a knowledge of what clinical hardware is on the market, we
visited universities and hospitals to see how these instruments are being
applied in a clinical setting and conducted the following interviews:

Doctor Alex Kaplan, Director, Chemistry Laboratories,

University of Washington, Seattle, Washington,

Doctor J. Strumford, Chairman, Department of Pathology,
University of Alabama, Birmingham, Alabama,

Doctor Sylvan Sax, Director of Clinical Chemistry, Western
Pennsylvania Hospital, Pittsburgh, Pennsylvania.
To complete our research and keep abreast of any new developments,
we attended the following technical meetings:
American Association of Clinical Chemists, Denver, Colorado,

August 1969.

American Association of Advancement of Medical Instrumentation,
Boston, Massachusetts, March 1970,

High Resolution Analysis Symposium, Oakridge, Tennessee,
March 12-13, 1970.

Physidogical Society for the Federation of American Societies

for Experimental Biology, Atlantic City, New Jersey, April 12,
1970.
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Nineteenth Annual Research FEquipment Exhibit and Instrument
Symposium, U,S. Department of Health Education and Welfare,
National Institute of Health, Bethesda, Maryland, October 6-9,
1969,

Thirty-eighth Annual Convention of the American Socicty of
Ameriean Technologists, Detroit, Michigan, June 14, 1970,

STATE OF THE ART

The objective of the Clinical Laboratory is to achieve effective and
efficient specimen analysis, possibly through the use of automated techniques
and equipment.

General trends are:

1. To reduce clerical work assocjated with the test cycle and
to speed communication through advanced computer techniques,

2. To use autorated equipment to cope with large test workloads,

3. To develop procedures for positive patient and sample
Identification,

4. To establish a query procedure so the physician may check the
status of tests without involving laboratory personnel,

5. To establish a standard specimen collecting procedure and battery
of tests to be performed on all patients even though only one
test may be requested,

6. To automate accession of specimens into the automated analyzer
with minimal interferences

7. To establish standard test methodologies and normal ranges for
the constituents analgzed so that the values will be standardized
[or.all dakoratories.

8. To use clinical laboratory tests for screening hospltal admissions.

9. To use small dedicated computers with manual and automated
input facilitles to perform many of the calculations required for

automated and non-automated equipment,
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During the past tcn ycars the number of available laboratory tests
has inereased from 12 to approximately 100, Morcover, the tendency to
use batterics of clinical tests as screcning proeedurcs for hospital ad-
missions and the possibility of using multiphasie serccning for annual
patient chcck-ups have grcatly inereased the number of routine laboratory
tests. Since thc physieian dietates the laboratory load, his changing
attitude has been largely rcsponsible for laboratory growth during reecnt
years. An inereased emphasis on laboratory scicnces by the medical
schools has encouraged elinieians to seek more laboratory consultation.

This tremendous increase in work load is foreing many laboratorics
to install automated cquipment to proeess the requested tests. In evalua-
ting automated deviees, eriteria such as speed, specificity or quality of
test results, or a memory that can be interrogated or updated should be

considered. The trends in elinical laboratorics defined by specific depart-

ments are as follows:

Urine Analysis

Automation in the routine urine analysis laboratory is praetically
non-existent for two reasons. First, urine is a heterogeneous solution
containing metabolic end products whose coneentrations vary with time of
day, age, sex. According to available information, variations oeceur over
a wide range even in normal individuals. It is generally felt that semi-
quantitative methods have been adequate for the detcetion of protein, sugar,
ketones, bile, speecific gravity, and pH. Second, it is diffieult to produce
an automated system with greater speed than that offered by conventional
quick indicator dip stieks.

A eonsiderable amount of interest is being shown in the reeently

introduced, relatively inexpensive but extremely time-consuming proeedurc
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of high resolution liquid chromatography used to unalyze metabolites of
urine.  Such analysis appears to produce important diagnostic and prognos-
tic informuation, This approach with further refinement in resolution and
automated data handling will be used as a screening tool.
Buacteriology

Next to urine analysis, baeteriology is probably the least automated
elinical laboratory area, However, automation is being attempted primarily
in three areas: (1) identifieation of bacteria by serological rcactions with
known antigens, (2) identification of haeteria speeies and type by the use
of serologieal recactions and (3) eounting baecteria colonies by light
scattering techniques. The AMICO Counter, Ameriean Instrument Company,
employs the third teehnique and ean be used only for the quantitation of
baeteria in a fluid and the evaluation of antibiotie effeets on the growth of
bacteria, Manufacturers claim it ean also deerease the test turnaround
time by eight to ten hours,
Serology

High volume tests in serology have been automated by Technicon,
The Teehnicon instrument is reasonably well known but has had some
early unfavorable performance ficld reports. More extensive field experi-
ence will be needed to fully evaluate its performance. The activitles
performed by the instrument are mainly those of eell separation and
preparing a solution to be examined by a serologist. A significant
contribution is that the instrument allows a less skilled operator to prepare
the sample for a more skilled scvrologist to examine,
Chemistry

The ehemistry department enjoys the greatest amount of automation
and mechanization--up to 95 percent of the workload ean be partially auto-
mated. In gencral, the automated or mechanized systems in the eliniecal
laboratory utilize a speetrophotometric readout of a eolor complex,

produced by reaction of various substances in the serum or plasma with
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ovganic reagents. Threc basic approaches arce taken to the automation of
analytical procedures in this arca:

(1) the continuous flow system,

(2) discrete sample analysis,

(3) the parallel chemistry concept, which analyzes disercte saumples
but performs up to 90 tcsts simultaneously and provides
continuous reaction monitoring.

The major drawback of continuous flow is that identification of the sample
is not possible as it passes through the analyzer and patient identification
is entirely dependent upon the time scquence from start to finish, The
discrete sample and parallel chemistry analyzers provide better sample
identification, because each sample is contained in a separate vessel.

With few cxceptions, such as ACA and Dupont, they do not, however, have
automated samplc identification systems. Therefore, sample identification
is also dcpendent on position of the spceimen.

A major drawback for most manual and automated clinical techniques
is the lack of specificity for the particular compound being analyzed. Up
to fiftecn per cent of some test results are due to substances othcr than
the one being tested. These non-specific substances unfortunately are
usually unstable and fluctuate in concentrations. The inability of most
of the chemistry analyzers to analyzc the substances in whole blood
necessitates centrifugation of the sample prior to machine loading.

The following are chemistrv improvement alternatives that may help
to alleviate problems and provide quality test results:

(a) The Technicon SMA 12/60 is a continuous flow processor capable
of simultaneously performing up to 12 different tests at the ratc of 60 per
hour; SMA 12/Jr. can produce 30 per hour, These instruments offer the
best improvement alternatives in hospitals using standardized battery tests
for each patient admitted.

() The Mark X Discrete Sample Analyzer manufactured by Hycel
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Company can perform ten simultancous tests or can be operated using only
a single channel without activating or disturbing the others, From a
design consideration this instrument appears to meet the needs of a
hospital engaged in profife testing as well as discrete sample analysis.

(¢) The DSA-560, Beckman Instrument Company, is the most
popular discrete sample analyzer. its major contribution to the smaller
laboratories is that the selection of tests and methodologics available
cnable a larger perceentage of the workload to be automated. In the larger
laboratory it functions primarily as a backup for higher volume systems,
since it can perform only two or three large volume tcsts on a daily
basis, Its major disadvantages are that it is a four-channcl analyzer
and has a relatively long test turnaround time.

(d) The C-4 Automated Chemistry Anilyzer, Perkin-Elmer Company,
is similar to the DSA-560 produccd by Beck:nan Instruments with the
exception that the sample holders or channcls arc located around the disc's
periphery instead of attached to a rotating horizontal belt. This extremely
versatile instrument can potentially perform a larger varicty of laboratory
tests than any of the systems on the market. It is a reldtive newcomer
and ficld test information has not becn released.

(¢} Thc GeMSAC Concept has becn used by Union Carbide, Electro-
Nucleonies, Inc., and American Instrument Company. This approach to
automated clinical laboratory test analysis is one of the most significant
breakthroughs in the last dccade and provides monitoring of chemistry

rcactions from zcro time until the reaction is completed. The test results

arc displayed on an oscilloscope which can be used to monitor the rcactions,

to comparc tcsts' rate rcactions on unknown samples with those of quality
control samples, and also to servc as a multiple point-in-time analyzer
for determining enzyme rcaction rates. This concept appea~s to have the
greatest potential of any of the discrcte sample analyzers for high speed

test analysis and continuous monitoring of enzyme rcactions. This becomes
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even morce important sinec enzymes offer the potential for increasing test
specificity and deecrcasing turnaround time.

(f) Thc DuPont Analyzer, which has reccived a minimum amount of
ficld testing and evaluation, appears to be the most accurate and reproduc-
ible and possibly the most specific test analyzer on the market. It
utilizes gel chromatograpby and ion-cxehange columns to remove interfering
substances from serum before initiating the chemical rcactions., This
instrument provides positive patient specimen identification from the test
request to the hard copy test results. Morcover, any number of samples
can he analvzed in any sequence.

(g) Tie Technicon Autoanalyzer II is a two channel, flow=through. iow
volume instrument used for routine tests. Its modular design allows channels
to be easily added. It can periorm 120 tests per hour, Expanded to 3 channels,
the Autoanalyzer II is a flow-through analyzer used to back-up profile analyzers.
It can complete 180 tests per hour,

(h) The ACA is an emergency (fast turn-around) single channel analyzer
capable of 75 tests per hour.

(i) Centrifuge-chem is a single channel kinetic rate analyzer used for
cnzyme tests. It can perform 120 to 600 tests per hour, depending upon test
complexity,

) Amés/BMIblood analyzer can perform 14 separate tests, 20 to 60
tests per hour, using a spectrophotometer with four available wave lengths.

(k) The Unitest analyzer can perform 13 separate tests, 20 to 40 tests
per hour, using a single wavelength spectrophotometer.

(1) The Dow analyzer can perform 9 separate tests, at 20 to 40 tests per

hour using a single wavelength spectrophotometer.
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Fechnicon has amtomated one of the major aetivities of the blood
bank, namely, blood typing and cross-matching, It is capable of high
volume processing and is therefore used primarily in large bloed donor
centers,  ‘The introduetion of automated cell washing instruments have
decrcased the proeessing time and standardized the Coombs test,  Next
to the automated cell typer, it is the most automated instrument seen in
most small and medium sized hospital laboratories,

Improved communication systems ean make a significant impact on
the tlme required for blood bank inventory by deereasing clerieal
activities associated with the inventory and the area where blood is
utilized,

Cytology '

With the exception of several mcehanized cytology slide standards,

this arca has little automation, However, a considerable amount of effort

is being focused on automated smear reading for sereening slides con-
taining suspicious cells indicative of ecervieal eancer. For this task,
companies such as Perkin-Elmer, Upjohn, and a group of Boston
researchers are developing eomputer control systems, based on pattern

recognition analysis by computers.

Hematology

In hematology the largest workload is the determinations of total, red
blood, and white blood cell eount. Several manufaeturers produece instrumeniation
which automates these tasks, The Coulter Counter Model FN uses a single
channel particle eounter, while Model S uses a seven channel device. Both have
capabilities for determining partiele sizes. Another single ehannel automated

blood eell counter, the Autocytometer, is manufactured by Fisher. The seven

channel SMA 7A, manufactured by Technichon, automates the blood ecll

counting plus other blood determinations, sueh as hematoerit and hemoglobin.
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Histology

Automation in this area is primarily related to the preparation of
pathological tissues by dehydrating and infiltration with paraffin prior to
sectioning and staining for examination by the pathologist. Such an
instrument is available from Technicon and is used for preparing specimens
and staining tissues.

Autopsy

The most recent development in this area is the storage of tissues
in high strength plastic bags rather than glass containers. Standardized
methods for describing the gross and microscopic examination of healthy
and diseased tissues are emerging. High resolution photography could
conceivably eliminate the need for the pathologist to spend a significant
part of his time examining and describing gross specimens.

Computer

The decision to use a computer in the clinical laboratory must be
based on the following considerations: amount of laboratory data to be
automated; compatibility of a computer with existing equipment; ease of
operation; availability of a computer, operating technologist, and computer
program tajlored to the particular laboratory; and the possibility of using
the computer for research and development activities, A further considera-
tion is whether the computer can control automated systems and correct
for drift with time as well as for unexpected alterations such as line

voltage.

ADVANCED TECHNOLOGY

By 1980 the design of the clinical laboratory will be somewhat altered
and new analytical techniques will be in use., Satellite stations will per-
form all laboratory tests not essential to immediate diagnostic and thera-
peutic decision making. Using techniques other than ground transportation,
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samples will be rapidly transported from the satellite to a central
processing station, The quality of testing by the satcllite laboratories
will be monitored by the central laboratory, while the central laboratory
will be monitored by 2 more remote reference laboratory.

With regard to iaboratory layout, more attention will be paid to
sample flow patterns and to positioning the analytical modules and accessories
to minimize operator travel time and maximize space utilization,

The following are some analytical techniques which should be in
usc by 1980:

1. Chromatographic techniques will be routincly avallable that can
analyze numerous compounds In body fluids (saliva, urine). The absolute
amounts of these compounds will be related to demographic and geographic
factors.

2. Microwave techniques will be developed that stabilize enzymes In
body fluids. Cousequently, samples will not degenerate during transport,
and blood for transfusions will be stabilized, extending shelf life two to
three times,

3. larger laboratories (300-bed hospitals) will increasingly use
dedicated computers for identification of sampies and their locations,
Instrument operation, result reporting, filing, and billing. The physician
will b able to interrogate the computer for test results, summaries of
laboratery tests for an identified patient, normal test ranges with instrument
accuracy, and the effect of drugs the patient is receiving on the laboratory
tests ordered. It is conceivable that computers using pattern recognition
could recognize abnormal microscopic specimens and diagnose the
disease process occurring in the tissue.

4. Laboratory test requests will be directly entered into a communi-
cation system bypassing the present step of transcribing the physician's
order from the patient's chart onto a laboratory test requisition form, for
example, by using the REACH system, National Data Communications, Inc.
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6, New techniques for collecting blood samples and transporting
them to the laboratory must be developed before laboiatory costs can be
reduced, Sample collection usually costs as much as sample analysis,
and in some cases, costs twice as much as analysis. The major portion
of sample collectlon cost accrues from techniclan travel, l.e.,, to and
from the laboratory, locating the requicition and the patlent.

6., Whole blood may be loaded onto an analyzer t;{at automatically

scparates the cellular components from the liquld porticn and thelr proceeds

and performs the requested test on the appropriate {raction. Mass spec-
trographs, gas chromatographs, and infrared spectrometers, common
analytical tools of industrial laboratories, will find inereasing application
as Integral parts of such systems,

7. Advanced technology, such as that belng conducted at the
Stanford University using laser microprobe technology for histochemical
analysis, will undoubtedly have an impact in histology In the next five
to ten ycars, By these techniques, ultra-micro concentrations of trace
metals such as zinc, magnesium, and cobalt may be measured within a
single cell. R is anticlpated that these methods will provide vital
information on the relationship of various metallic trace elements to
disease; for example, the relationship of zinc to cirrhosis and cancer,
cadmium to kidney disease, and aluminum to lung diseases,

8. Disc storage of gross and microscopic tissue pictures (colored)
will be used to improve information quality and decrease record retrieval
time. Physiclans will be able to automatically retrieve tissue section
pictures when they request the patient's history.

9, Outpatient laboratory test loads will approach those of the
inpatient department as instrumentation becomes available to speed test
results before the patient leaves the hospital. Multi-testing will also

increase as more sensitive analytical systems are developed.
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COMMUNICATIONS AND DATA MANAGEMENT

INTRODUCTION

The purpose of communications and data management is to transmit,
recelve, store, process, and display data useful to hospital personnel. As
the binding functions, they are critical to system operations and significantly
affect system planning, construction, maintenance, and tralning,

An average of 25 percent of a new hospital's Initial cost is earmarked
for communications and data management equipment. This significant per-
centage Indicates the Importance of selecting the correct components and
Improvement alternatives, and of studying the communications and data
management functions relative to system needs and interfaces. This per-
centage also Indicates that an increasing amount of the total hospital cost
is being devoted to information handling because of growing interest In
advanced but Initially expensive equipment and techniques.

Although several improvement alternatives are described by manu-
facturers as ''Total Hosplta.l Information Systems,' In reality no single
Improvement alternative can fulfill all the BLHC system needs for patient
and administrative data management. Instead, combinations of improvement
alternatives, some comprehensive, some emphasizing a single specific
hospital activity, have been considered.

The primary criterion for the selection of state-of-the-art improve-
ment alternatives discussed below was their uniqueness in the health care
field. Only applications with a high potential for operational success in
the BLHC system have been studied in detail. Each alternative described
herein and in the attached matrix reduces the cost In medical care or
Improves the cfficiency of health care delivery.

The Health Systems Department recognizes the need for new Improved
information systems, both clinical and administrative, intra- and inter-
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hospital. Accordingly, it expended a major effort to determine the current
methods of data storage, retrieval, and communication and the current
and projected hardware systems, subsystems and components. The results
of this effort arc discussed In the following state-of-the-art section and are
summarized in matrices which define the equipment's operation, features,
and costs. It should be noted that costs presented In the matrix do not
represent direct system or hardware quotes from the manufaciurer but
rather estimated dollars needed to perform a given function, The hard-
ware and specific system details, moreover, are subicct to change due to
time and market constraints.

The advanced technology section discusses concepts, hardware, or
systems which are presently in the rescarch-and-development stage and

will not be on the market by 1972.
TECHNICAL APPROACH

In inaugurating this state-of-the- art study, we contacted more than 300
companies with product lines applicable to the New Generation of Military
Hospitals, Information on each company's cquipment was obtained from
descriptive literature and/or discussions with company representatives. In
some cascs, devices were evaluated by Health Systems Engincers in Pittsburgh,
Some of the companies contacted are listed below:

Dictaphone Corporation, Rye, New York

Executone Incorporated, Long Island City, New York

General Electric Corporation, Milwaukee, Wisconsin

Hewlett Packard Company, Waltham, Massachusetts

Zcnith Radio Corporation, Chicago, Illinois

Altec Lansing, Anaheim, California

ESB Couch, North Quincy, Massachusetts

MEDELCO Incorporated, Wood-Dale, Illinois

IBM, Washington, D, C,

TRW, Medical Information Systems, Redondo Beach, California

Control Data Corporation, Minneapolis, Minnesota

Bradford Computer and System Inccrporated, New York, New York
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Doctors Business Bureau, Philadelphia, Pennsylvania

Honeywell, Wellesley 1lills, Massachusetts

Samat Systems, New York, New York

Edstan Company, Orunge, California

Central Bank Computer Bureau, Oakland, California

Automated Business Systems Division, Litton Industries, New Jersey

Bio-Logics, Sult Like City, Utah

Bell Hospital Systems, Incorporatcd, Bridgeport, Connccticut

Medical Systems Division, Lockhced Missile and Space Company, Sunnyvale
California

Norclco Mcdical Division, Professional Products, New York, New York

Sicmans-Reiniger, Ag, Erlangen, Germany

National Data Communications, Incorporated, Dallas, Texas

Clime Visible Records, incorporated, Croget, Virginia

Burroughs Corporation, Dctroit, Michigan

Hamilton Standard Division, United Aircraft Corporation, Farmington,
Connecticut

Sanders Associates, Incorporated, Nashua, New Hampshire

Mosler Information System, Hamilton, Ohio

Motorola Communications and Electronics, Incorporated, Buffalo, New York

Preventicare Systems Incorporated, Ypsilanti, Michigan

Bio-Medical Computer Science, Incorporated, Minneapolis, Minnesota

Diversified Numberic Applications, Minneapolis, Minnesota

National Cash Register Company, Pittsburgh, Pennsylvania

To see how communications and data management hardware is being applied,
on-site visits were made to the following locations:
Diversified Numeric Applications, Minneapolis, Minnesota
Automated laboratory information system
Bio-Meldical Computer Science, Minneapolis, Minnesota
Total Hospital Information System
Control Data Corporaticn, Minneapolis, Minnesota
Major computer manufacturing
Diebold Corporation, Canton, Ohio
Power Files

3-60



Ep—— —— o - - b |

Moslcr Information System, Ncw York, New York

Computer Control Microfilm Retrieval
Mayo Clinic, Rochcstcr, Minnesota

Mcchanized rccords systcms
Burroughs Corporation, Dctroit, Michigan
IBM Covporation, Washington, D. C.

Automated Hospital Information Systcms
Medi-Data, Incorporated, Charlotte, North Carolina
Kaiser Foundation, Oakland, California

Sanders Clini-Call under Development

Automatcd Multi-testing Facility
Presbyterian Hospital, San Francisco, California

Automated Patient Monitoring
Saint Mary's Hospital, Rochester, Minnerota

Automated Patient Monitoring
Latter Day Saints Hospital, Salt Lake City, Utah

Automated Hospital Information System
Loyola University Hospital, Chicago, Illinois

IBM-MISP Application
Saint Mary's Hospital, Saint Louis, Missouri

MEDELCO application
Downstate Hospital, New York, New York

THOMAS
El Camino Hospital, Sunnyvale, California

Lockheed, MISC application
National Data Communications, Dallas, Texas

Automated Hospital Information System
Preskyterian Hospital, Charlotte, North Carolina

Burrough's Corporation, Medi~Data Application
Spring Valley Medical Group, Washington, D. C.

Medi-Data Science Corporation, Multi-testing Application

Walter Reed General Hospital, Washington, D, C,
COMPSY Project

DeWitt Army Hospital, Fort Belvoir, Virginia
AMOS Project
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Medicus Corporation, Dallas, Texas
AHIS Planning and Design
University of Vermont, Burlington, Vermont
Automation of Doctor Laurence Weed's POMR Concept
Beckman Instrumeni, Fullerton, California
Patient Monitoring
Texas Institute of Rehabilitation and Research, Houston, Texas
Automated Patient Record System
Tulane University, New Orleans, Louisiana
J. Balintfy's Computer Assisted Menu Planning
Touro Infirmary, New Orleans, Louisiana
Predictive Nurse Staff Utilization Model
Information on additional hardware was provided by manufacturer's
representatives from the following companies who visited the Westinghouse
Research and Development Center:
Medelco Incorporated, Wood-Dale, Illinois
T.H.LS
Medical Electronics Division, Hewlett Packard, Waltham, Massachusetts
Patient Monitoring Equipment
Medidata Sciences, Incorporated, Waltham, Massachusetts
Automated Multi-testing Facilities
Health Auto-Data Incoiporated, Rockville, Maryland
Automated Multi-testing Facilities
Honeywell Corporation, Washington, D. C.
Hospital Automated Accounting System
We also compiled extensive bibliographies for both communications and
data management which are included at the end of this section. Few books were
available in this tightly defined area of interest, but conversely, recent articles
(less than two years) and reports generated by government contracts contained

valuable information, The Clearinghouse for Scientific and Technical Information

proved to be an excellent tool for screening doncuments of this type. Each of its
biweekly indexes was scanned against a keyword to locate documents of interest,
A microfilm copy of each document was ordered for appropriate study team

members,
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STATE OF THE ART

The many communications and data management improvement alter-
natives should complement each other to fulfill system needs. When
planning a new Base Level Health Care System, the following questions
must be considered:

1. How ecan improvements enable medical, medical support, adminis-
trative, and administrative support personnel to use their time
more cfficiently and effectively? How ecan their routine elcrical
tasks be reduced or even climinated ?

2. How can patient status data be best determined?

3. How can patient history be quickly recorded without consuming
professional time?

4. How can data reliability be improvcd and monijtored?

5. How can the patient most casily and quickly communicate with
the nurse?

6. How can data files be organized, cnabling many diverse functions
within the system to share common segments?

7. How can laboratory test results be displayed more quickly?

8. How can costs be best accumulated and displayed?

8. What is the expected volume and frequency of information flow
between any two activities?

10. How will computerized techniques affect system planning, con-
struction, maintenance, and training?

il. How can data management storage, rectricval, and display tech-
niques be improved to aid medical diagnoses?

The general objective of the communication and data management

functlon is to increase facilities and personnel cfficiency in order to
decrease hcalth care costs while improving or maintaining the current

quality of care. To accomplish thls, the general trends are:
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To improve the use of computer technology in every facet of
preventive medicine and health care.

To reduce clerical work by facilitating data input, retrievil, and
dispiay of patient and resource managemcnt data.

To provide the ecapability for source data collection,

To speed data transmission clectronically.

To inercase data reliability and acecuracy by cmploying elcctronic
monitoring devices to identify data which varies from normal set
parameters.

To expand available statistical data to include diagnostic data
uscful in analyzing a patient's condition based on statistical
norms,

To accumulatc reliable cost data per patient and pcr unit of
work which can bc used for budget comparisons.

To maintain status records for each patient and available bed to
aid admissions, housekceping, and dietary activities.

To cstabllsh national rcsource eenters where specialized Informa-
tion ean be stored and bc rcadily available to hospitals equipped

with proper communieation devices.

To organize the large volume of data available on information handling,

we have

divided our diseussion somewhat arbitrarily into communications

and data management. Communieations indicates a direet point--to-point

transfer

of information. Data management concerns Information that under-

goes additional proecsses, such as storage and retrieval, often via

computer, In the advaneed technology section, which deals with concepts,

procedvres, or equipment that will be available only after 1972, communi-

cavions and data management are treated jointly.

STATE OF THE ART--COMMUNICATIONS

Several communication Improvement alternatives are not reported in

this document because they are commonly used and well known, for example,
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messengers, U, S. Government mail, private mail, public address, motion
pictures, and the telcphone,

Other communications components and improvement altcrnatives,
more advanced bhecausc of new ccuipment, concepts, or uses, can
he broadly grouped into six categorics: teletype, intercom, paging, tele-
writers and facsimile equipment, closcd-cirecuit television, and miecrofilm.

Coordination of information within the function and with other
functions is a characteristic snared by all the improvement alternatives
studied. For example, touch-tone tclephones and tcletypes can be used
for data input; tcletypes can also be used for data display; special closed-
circuit television can be used for input and display; data phones and
couplers connect computers to conventional telephone lines so hospital
personnel can ''converse'' with the computer; and newly developed general
computer terminals with magnetic tape storage vastly expand input and
display capabilities and ficxibility.

The following material gives a bricf description of the six improve-
ment alternative areas, emphasizing how each can partially fulfill the
needs of the BLHC System within the general trend parameters.

1. Teletype can establish communications betwcen hospitals,
between remote health care facllities and the hospital, or within the
hospital. It i3 extremely useful for data transfer when hard copy is
needed tr provide permanent records.

More recently teletype has been used as a remote computer
terminal for data input to large tiine-shared computers or to small
special purpose computers within the hospital, The teletype/computer
combination can be used to process laboratory data, store patient's
history and automate patient history taking, and perform many other
storage, transmission, and retrieval aectivities.,

2. Intercom Improvement alternatives are available in a wide

range of types and sizes, all of which provide two-way communications

3-65



and can handle scveral simultancous messages. Intercoms, used largely
for private conversations between patient and nurse, can greatly incrcase
the nurse's efficiency by reducing unnecessary travel between her station
and the patient's bed. Optional features include devices to store patient
calls reccived when the nurse is away from her post and devices to inte-
grate intercoms with other improvement alternatives such as closed-circuit
television,

Options available on highly sophisticated intecrcoms can extend their
uscfulness to all hospital operations. One option cffectively ties in all
intemal telephone communications to climinate the standard telephone for
internal communications.

3. Paging has come a long way from the simple loudspeaker broad-
casting randomly within wide areas of the hospital. Today, radio paging
and Alpha Numeric Display paging offer advantages over conventional
paging methods and eliminate distractions and annoying background noises.

Radlo paging transmits a coded slgnal to a miniature receiver
carried Gy key personnel, When the person is needed, only his receiver
gives a signal and he telephones a speciflc number for his message.

Alpha Numeric Display paging uses a standard TV screen to display
all active pages. Urgent or long-standing pages can be put on a special
blinking sequence.

4. Telewriters and Facsimile Equipment transmit hard copy over

closed-circuit wire, standard telephone lines, or microwave. The tele-
writer instaatancously transmits information in the sender's own hand-
writing. The message is written on a sender unit and received immediately
on a receiver unit; the method is useful to all hospital operations, For
example, admissions and discharge information can be instantly trans-
mitted to key hospital areas; drugs can be prescribed in the doctor's own
handwriting without the doctor going to the pharmacy or making duplicate

orescriptions which the nurse must have filled; the kitchea can be
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notified of diet changes. These documents must be filed with the patient's
medical reccrds.

Facsimile equipment can transmit any form of hard copy from one
location to anothcr. The received data is an cxact duplicate of the original.
Facsimile senders can be used for transmitting hard copy data such as
patient history, status, and diagnosis; requisitioning supplics; providing
blueprints for 1. iintenance; and updating manuals bewween a major medical
facility and a satcllite facility. Sofnc facsimile equipment recquires coupling
with data-phonc sets; recent models include a telephonc acoustie coupler,

5. Closed-circuit Tclevision (CCTV) can he subdivided into minimum,

medium, and high performance improvcment alternatives, and improvement
altcrnatives used for spccial applications.

Minimum performance CCTV and videotape can bc uscd for sccurity
surveillance becausc circuit design cannot prrduce more than a 4 MH,
bandwidth., Its use can eliminate most guard stations inside and outsidc of
the hospital and allow one central guard to service the entire facility.

Medium performance CCTV, either color or black and whitc, can be
used for security and for monitoring patients in such areas as thc ICU and
CCU. A television display for cach patient may be placed beside the remote
heart-rate display at the head nursing station, permitting continuous visual
monitoring of all beds. CCTV is also a valuable adjunct to physiological
monitoring. Wher. a patient's heart-rate alarm is triggered, the nurse
can immediately determine if an emergency has developed or if the alarm
was activated by normal body movement.

In addition, medium performance CCTV can significantly advance
personnel training ievels. Video tapes, customized to cach hospital's
operating methods, can be made in-house for teaching repetitivc tasks
and can be played as needed to indoctrinate new personnel.

High performance CCTV produces high resolution pictures which may

be necessary in more sophisticated medical and medical support uscs.
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[sotope scans can be transmitted from one location to another, X-rays can
also be communicated to a remotely located radiologist, intricate surgery
in confined arveus can be disptayed for physician training,

Special application CCTV equipment includes equipment such as the
Westinghouse Secondary Fmission Conduction Cauanera ‘Fube which is 100
times more sensitive to light than the standavd CCTV vidicon.  With
minimal lighting, this camcera produces pictures equal in quality to those
of a standard camera with proper lighting and is applicable fov surveillance
viewing and patiemt monitoring in darkened areas.

Another CCTV special application deviee is the video disk, a metallic
disk capable of magnetically vecording still images, storing, and displaring
them with highev rcsolution than conventional mcethods. The disk's flexi-
bility allows it to record two pictures in a given scquence, clectronically
subtraet them, and display only those portions nceded; or it can highlight
particular gray shadings for reliable X-ray interpretation.

The video disk has many important uses in medical and medical
support opcrations, sueh as improving picturc fidclity for remotc X-ray
viewing, color pathology and bactcriology display, and rapid data and pic-
ture transmission from pathology or radiology to surgery.

6. Microfilm components can be use.' to store, retrieve, and remotely
display data. Microfilm improvement alternatives vary from those capable
of storing less than 73,000 pages, photographed on 16 mm film and without
data transmission capabilities, to those capablc of storing 25 million
8-1/2" by 11" documents in a cart about the size of an executive desk and
capable of almost instantaneous rctricval and transmission to a video
screcn, In addition COM (Computer Output Microfilm) equipment permits
today's eomputers to dircctly generate microfilm without creating paper
copy.

Microfilm can be used in all hospi: ." vperations. The doctor can use

it to store abstracts of technical articles; the clinical laboratory can use
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it to store records; administrative support pcrsonnel can use it for main-
taining records; and thc administrator can use it to store financial records,
Retrieval and transmission of stored data can be manual or automatic
depending upon thc improvement alternative selected.

Video File has functions and uses identical to microfilm, bhut
stores documents on video tape rather than 16 mm film., The document to
be stored is merely placed under a TV camera fovr 1/15 second, and
clectronically scanned and stored for very rapid retrieval. Optional hard
copy prints arc available, Data is storcd in extremely high density and
spice requirecments arc conscquently reduced.

Options available for microfilm or video storige equipment allow
data Input from remotely located keyboards or cathode ray tube (CRT)
terminals. Another option allows data display on remotec CRRTs ovr Teie-

types.
STATE OF THE ART--DA'TA MANAGEMENT

All improvement alternatives considered include computers and com-
puter-rclated hardware and software packages which, when coordinated,
fulfill onc or more data-management needs. To facilitate this discussion,
improvement alternatives have been catcgorized as follows:

1, Multi-purpose Intra-hospital Capabilities--broad in scope and

can possibly be expanded to cover hospital information networks.

2, Clinical Laboratory Test Data Analysis--emphasizes data

collection, storage, and analysis of clinical laboratory data uscd
for medical diagnosis.

3. Computerized Accounting--designed to assist administrative

personnel maintain accuratc and current cost data.

4, Patient Data Information Network--transmits paticnt status data

among selected hospital departments.

5. Diagnostic Support--emphasizes paticnt history data which assists

the physician in diagnostic dccision making,
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.  Multi-purpose Intra-hospital Capabilitics

a. National Data Communications Corporation's Real-time Electronic

Access Communications for Hospitals (REACH) System is a totally integrated

communication and data management network system which allows dircct
access to the computerized data basc via a speclally designed cathode ray
tube (CRT).

A user identification card in conjunction with twenty function
keys located at the left of the CRT screcn allows the physician, nurse,
or technician to select standard phrascs which can be stored in the patient's
record. If required, a pharmacy label will simultancously be printed in the
pharmacy. Most medical or administrative data can be handlcd by the
programmecd statements that appear on the CRT screen. Used in conjunction
with a standard typewriter keyboard the function keys can enter information
such as pre-admussion scheduling of ancillary services, patient accounting,
or narrative medical data into the system. Nurse's notes, doctor's orders,
patient history, and narrative progress notes can be typed into the patient
record by typists or ward clerks. Alternatively, structured phrases or
programmed text can be entered by the physician or nurse.

The REACH softwarc is proprietary to the National Data Communica-
tions Corporation and is provided to a hospital as a utllity, together with
a complete operations and maintcnance staff, Limited batch processing is
performed in the user hospital on the system's Honeywell 516 computers
which can handle up to 40 CRT terminals per central processor.
Additional computer processing is performed In the Regional Center in
Dallas, Texas, on Honeywell 1200 computers. The REACH service
includes a computer-output-microfilm of major administrative reports and

medical records of discharged patients,

b. The IBM Corporation's Medical Information System Processor

(MISP) is the most widely used hospital information system today. The

MISP package, which requires a 32K core memory, is an executive control
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program capable of providing message switching and a communicatjon net-
work from remotc terminals on a real-time basis. MISP is designed for
DOS and OS and is programmed for both the¢ IBM 360/20/30 scries of
computers and larger systems. It is currently operating on Modcls 30,
40 and 50, Application programs such as the shared hospital accounting
system arc available from IBM and from the Hospital Information System
Sharing Group, Inc. The Sharing Group company is a nonprofit group of
IBM System users that have agrced to exchange application programs and
experience,

Data entry and output are primarily from IBM 1092/1093 programmed
keyboards and thc 1052 typewriter. Other input/output components of the
IBM/MISP system are the split screen optical image device which shows
fixed data projected from a 16 millimeter film strip cartridge on the
right side and transparent overlays on the left. The operator communicates
with the computer using a light-sensitive probe to touch the appropriate
information displayed on either the left or right or both sides of the
screen. A CRT (model 2260), with or without light-pen device, is avail-
able and Is in use at several lepations for admissions procedures and
rapid flle access applications,

The goal of the MISP is to provide a framework which allows each
hospital to write programs and tallor the system to its individual needs.
In combination with user programs, MISP accepts doctor's orders for
patient treatment, requests for laboratory analysis, laboratory results,
and other items of information entered at the terminals located in each
area of the hospital. This information is stored in the central files of
the computer. From the central files, schedules are printed, appoint-
ments are scheduled and accounted for, patient data is printed, and
necessary messages and reports are prepared and transmitted. Current
patient information maintained in the central files is available to each

hospital functional area, usually the nursing station.

3-71



Use of the system for preparing medication schedules and shift change
reports can reduce clerical tasks. Each order can be positively verified
in printed form before acceptance by the system, and routine procedures
arc automatically charged by the system. Periodic summaries of patient
activity and test results, and service area workload schedules are
prepared.
Data for administrative reports is a by-product of day-to-day system
activity. This data can be used to help increase hospital efficiency,
provide greater cash flow, and keep management informed on utilization |

of facilitles.

c. The On-line Medi-data System of Burroughs Corporation is a |

totally time-shared concept capable of serving 1500 beds in multiple loca- .
tions. The distinction of the Burroughs System is that the user can directly
Interface with the central files by a CRT in conjunction with a typewriter
keyboard. There may be up to 250 terminals, However, all remote tele-
types (RO35) are controlled by a small computer (B300) located at a remote
hospital which Interfaces with the central data processing facility. The
central facility has three maximum core capacity Burroughs 5500 com-
puters. The Burroughs' concep’ maintains the hand-written doctor's

orders and patient history. A specially trained terminal operator (ward
clerk) may enter all orders and results into the CRT terminal; expanded
orders are immediately printed.

Departmental work schedules, statistical logs or test results, patient
bills, and administration reports are available tnrough an information
retrieval program at each CRT terminal. Results of work done by
auxiliary services, such as test results, are transmitted to the central
computer facllity and redirected to the appropriate nursing station where
the printout is manually inserted into the patient's chart.

The major advantage of the "On-line Medi~data System' Is that

remote sites can use large scale computers.
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d. Sanders Associates’ CLINI-CALL Hospltal Information System

integrates three major subsystems for business aceounting, medical data
management, and laLoratory data management. For maximum reliability

and minimum response time, CRT terminals with hard copy printers (up

to 50 per central proccssing unit), and all peripheral devices are "hardwired"
to Honeywell 516 and 416 main frumc computers.

Formatted messages must be complete before heing transmitted to
appropriate departments for record storage. Data is Inputted via a photo-
pen devlece which is used to seleet standard phrases or words or by using
the keyboard associated with each CRT terminal. The terminal also has
two read stations for pre-punched plastle eards, one for user ID and one
for patient ID. The processor files, looks up, sorts, posts, summarizes
and routes all data., Computer checks can be made on drug requests and
other ancillary services against a stored list of normal llmits, patient
histories, and other established parameters using Sanders programming
language.

The business accounting subsystem handles the routine adminlstrative
services such as accounting, payroll, Inventory, control, and general
ledgers.

The medical data managemcnt subsystem provides thc source data
collection for admissions, physician orders, test results, and dict requests.
All operations are interlocked to prevent orders or information from being
rcleased without proper approval or vcrification. Message routing, qucuing,
and storage retricval functlons are handled automatically by the system's
proeessor,

The laboratory data management subsystem uses the common data base
of the total system for maxirnum cfliciency. Thls subsystem relieves the
technicians of the posting, recording, and verifylng of test results in hand-
writteni logs and worksheets, It converts laboratory requests into patient's
incomplete worksheet files, speelmen collection lists by ward and patient,
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speeial labels, worksheets for various laboratory sites, specimen load

verification, and printouts of all test results.

e. The lockheed Space and Missile Company's Medical Information

System (MIS-I) is a centralized medical data service center that provides
hospitals within a 50 mile radius with natural language interactive CRT
terminals with a light sensing pen and typewriter keyboard. The Lockheed
System, which can scrve up to 2400 beds, combines the time-sharing con-
cept previously disecussed in the Burroughs System with the rapid access

to the time-shared 360/40 computer by all system users., A distinet
advantage of the MIS-] is the efficient data formulation and review procedure
for physicians at the CRT terminals, Quiet inktronic print terminals manu-
factured by A,B, Dick Company are available. System operation Is very
similar to that of REACH, Medi-Data, and Sanders' Systems, a major
difference being that local printers are available at each nursing station.
This is especially advantageous since nursing stations prepare numerous
reports for patient and administrative managemcnt including:

Discharge Summary

24-Hour Summary

Shift Summary

Admitting Reecord

Medications Due List

Bed Status Report

Transfer Notice

New Medical Orders

Admitting MNotice

Requisitions

Test Results

Discharge Notice

Diet Orders

Specimen Pickup List

Correction and Cancellation Notices
Other Miscelianeous Summaries and Worksheets.

f. The MEDELCO rovement Alternative (T,H.I,S,) is used
primarily as a data input and transmission device, rather tlan for data
retrieval, Card readers feed data from coded, pre-punched cards into
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the main central prezessor. The central processor then sorts the data
and instantly transmits it to appropriate print terminal locations through-
out the nospital. Charges are generated in a daily batch output compatible
with most computer systems. For example, to schedule a patient for
radiology, a nurse would place the patient's identification card and card-
punched [nstructions to radiology in the card rcader at the nursing station,
Information is printed at the nursing station for verification and simul-
tancously transmitted to radiology for scheduling. Other messages
initiated by this same action would include transmitting dict change infor-
mation to the kitchen, and calculating patient charges which are stored in
the central processor until the end of the day. Scheduling beds or clinic
appointments are examples of other general communications necds that
can be programmed into the MEDELCO hardware,

Although considerably less expensive, thie MEDELCO system has
serious limitations when compared with the systems described above, It
does, however, provide an alternative to the BLHC system for the process
identification of work procedures in the various ancillary service arcas, and
the scheduling capability provides a workload leveling tool.

2. Clinical Laboratory Test Data Analysis

a. The automated clinical laboratory system of the Diversificd
Numeric Applications (DNA -- a division of AVCO) provides a dedicated

laboratory computer that accepts analog or digital output from the auto-
analyzer and other laboratory equipment. The system automatically monitors
laboratory analysis; handles remote Inquiries; prepares task lists, results,
reports, billing reports, cumulative chart reports, and other statistical
reports. Special keyboards are tailored to each laboratory section for
casier sample identification and rapid input of test results. The multi-
programmed real-time, random access turnkey coneept can maintain

patient laboratory test resuiis for remote retrieval for at least seven days.
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bh. The Berkeley Scientific Laboratories 'Clinidata Mavk I

is supplied in ten modular leveis to fit the needs of different iaboratories.
The Berkeiey System uses a PDP eentral processor and Veridata consoles
and operates in a manner similar to the DNA System deseribed above. It
does not, however, have the capability to store patient data for aceess
from remote terminals. A unique feature of Ciinidata Mark II is the
digital voltmetcr plug-in for the laboratory console whieh will convert the I
analog signal direetly from a laboratory device to a digital signal and feed
the results into the main data register of the data input console. After !
an operator has examined the input and verified the data are correct, the
data are transmitted from the console to the computer by depressing the f
send button. A complete patient report is printed out or teletyped within
15 seconds of completion of the last test on that patient.
Additional dedicated clinical laboratory test data analysis systems
were examined such as the Spear 'CLAS', the EAI "PACE II", Digital
Equipment Corporation's "LINC 8", and the Varian/Cary Spectro-Systems
100/200. Operationally, these systems are similar to the DNA and
Berkeley systems described above. Variations consist of operational pro-
grams to accept on-line Input from gas chromatograph, mass spectrometers
and discrete chemical analyzers (other than Technlcoin's Autoanalyzer),

3. Computerized Accounting

The computerized accounting components are discussed collectively
since each performs in basically the same way with only minor differences
In procedures and output. The major manufacturers and their software
acronyms are:

. International Business Machines - Shares Hospital Accounting

Systems (SHAS)

. Burroughs Co:poration - Burroughs Hospital Administrative
System (BHAS)
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. Control Data Corporation - MEDICOST
. Honeywell - Hospital Computer Sharing System (HCSS)
. National Cash Rcgistcr - Hospital Accounting PPackage

. General Fleetric - MEDINET

Numerous banks and computer serviee centers use the computer
hardware of a major manufacturer in conjunction with individually designed
software to provide accounting, billing, inventory, ancillary statisties,
cost reporting, payroll and miscellancous administrative reporting servieces,
Most systems arc hatch made operations with limited on-line capability.
IBM, Burroughs, and Honcywell offer shared system packages capable of
handling 2000 beds upward.

4, DPatient Data Information Network

a. The ITT-Standard Radio System stores and displays at specified

intervals or continuously only patient status data affecting thc patient's
condition. Data is fed into the computer via remote touch-tone tclephorie
or keyboard, stored, and can be instantaneously retricved and displayed at
any remote CRT location, Graphs, laboratory reports, tcst results, and
other patient data are transmitted among intensive care units, operating
feeder laboratories, nurses' offices, head physician's office, the X-ray
consultation room, and other sclected locations. The most critical data
requirements are computerized first, making the routinc data handling
automation a sccondary effort. The system has the capability of cxpanding
to a total information system, and long range plans to integratc the system
with the National Medical Information System are prescntly under develop-
ment at the Danvara Hospital {n Stockholm County, Sweden.

Similar projects with a more liniited approach in data communication
but directec at corwuter analysis of monitored patient physiology such as
vital signs, atrial and arterial blood pressure, and cardiac output arc in

advanced stages of research at Saint Mary's Hospital in Rochester,
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Minnesota, University Hospital, Birmingham, Alabama, Presbyterian
lospital, San Francisco, and Latter Day Saints Hospital in Salt Lake City.
Relatively simple patient information systems that routinely collect
and store seleeted patient data are emerging at various hospitals. The
National System in Sweden is building a medieal data base from the census
data already available in machine processable form., Additional data
elements will be previous hospital stays, allergles, and immunization data.
Patient status within the hospitai is recadily available from systems such as
the Edstan wireless bed status system or the bed avallability system with

Bunker-Ramo CRT's in use at Children's Hospital of Boston,

"

5. Diagnostic_Support

The Medidata Sciences Concept for patient history taking uses a dis-

play unit which has carousel slides coupled to a PDP 8 eomputer.

Patient questionnaires are programmed so that comprehensive histories can
be taken quickly and without requiring professional personnel. Up to 100
patients can be processed through the system in eight hours. An 80-slide
carousel projects imageswhich carry four pages of questions. The carousel
is controlled by the PDP 8 In response to the patient pushing one of four
selection buttons on the screen panel. The SADE manufactured by Blo-
medical Computer, Inc., I8 a similar history-taking device.

Time shared programs are becoming avallable In certain specialtles
that allow the physician to input systems and diagnostic probabilities to
the computer which then generates the most likely diagnosis.

No single system is currently capable of handling all data management
problems from patient monitoring to supply management. However, re-
scarch projects and some operational endeavors are developing in every
facet of data management. The only compute: applications that will
satisfy the comprehensive requirements of the military medical environment

are those currently in use or those developed with military sponsorship.
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The only exceptions to this would be a few direct patient eare applications
such as patient monitoring subsystems or the on-line analysis of elinical
laboratory test. Even here, a total hospital data management system would
requirc special integration, if adequate priority is to be given segments

which place an extremely high priority in a time-shared environment,

ADVANCED TECHNOLOGY

The Ideal collection of advanced technologieal data would inelude
interviewing "all" designers, potential users, and company representatives
to find out where they feclthcir industry was going in the future. The
performance of such a task, however, Is beyond the seope of this eon-
tract. Since a study of 85 hardware and software companies* of data
processing exists, we opted to use this report as our research souree., From
this cxcellent industry forecast 87 key items were seleeted because
of their potential impact in the medical area. The items have been
arranged chronologically rather than by product category as originally

presentcd, and are listed below,

*Washington, D.C.: Naval Supply Systems Command, Research and
Development Division, January, 1969.
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ADVANCED TECHNOLOGY
COMMUNICATIONS AND DATA MANAGEMENT

WIDESPREAD
CONCEPT APPLICATION

3.

9.

6,

ngmart" terminals will be developed to permit most of the
computing and processing to be done in the terminal (going
over a communications line to a larger computer only when
nceessary) to minimize communications costs.

Hard-copy devices (known as first-generation typces) such as
telctypcwriters, clectric typcewriters, and high-spced printers
will continue to havc a cost advantage (probability decrease
with time).

A solid state vidicon will be available.

Modern speeds of:

(1) 17200 bps data transmission reliably performed on voicc
grade (nominal 3kHz) lines.

(2) 9600 bps data transmission reliably performed on
voice grade lines.

(3) 12,000 bps data transmission reliably performed on
voice grade lines.

Desk top, low-cost, manually operated data communication
tcrminals using DDD network will be commonplace.

Soft-copy, e.g., cathode ray tube (CRT) displays, known
as second-generation equipment, will increase in use rapidly
as they operate at electronic speeds.

In many System purchases, components will be obtained from
different manufacturers, €.g., main frame from manufacturer
A, memory from manufacturer B, peripherals from other
manufacturers, etc.

widespread use of ISI in processor circuitry. The cost of
peripherals will become the major system cost.

TV-raster I/O devices will be a replacement for many
direct CRT displays because of capability for accepting both
digital and video (background data from optical storage)
inputs.,
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WIDESPREAD
CONCEPT APPLICATION

10, Mechanical laser scanners will be used to scan

aperture cards for Input to a computer. 1973
11, Development of low-cost hard-copy adapters to be used

in conjunction with electronic display devices (CRT's)

with resolution equal io that of display devices and with

printout time being less than 5 seconds (external) for

displayed screen., 1973
12, High resolution TV viewers will come into being, pro-

viding the flexibility of electronic magnification,variation

aad aspect ratio control to give a user a 'universal"

viewer for a wide varlety of optical format microfilms. 1973
13. Microfilm transmission to hard copy. 1973
14, Touch Tone input to remote microfilm Retrieval Systems

and graphic print out. 1973
15, Universal punched card specification will be promulgated. 1973
16, Low cost OCR reader (less than $20,000). 1974
17. Sophisticated micro-electronics will permit design of

very compact self-contained modular input terminals. 1974
18. Microforms will become important input media. 1974

19,

20,

21.

22.

Technology will develop the ability to ''correct'" mlcroform
Iimages by erasing and reprinting on the same frame,
(A camera from Pfaff is avallable to do this on Kalvar.)

Images may be added to blank spaces In microforms,
Combination of digital and photcgraph (e.g., microfilm)
storage and retrieval techniques will become a significant
field.

Microfilm recording systems will utilize¢ Instant
photography.
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ADVANCED TECHNOLOGY (cont'd.)

WIDESPREAD
CONCEPT APPLICATION
23. Microfilm recording systecms could utilize laser
writing ability. 1974
24, A portable document copier will be in common use. 1974
25, High-speed, photosensitive, non-chemically developable
paper for hard copy recording, 1974
26, The conversion of clectrical signals to hard copy will
be considerably improved by the availablility of high power
electro-optic transducers, and the development of electro-
sensitive papers and other marking processes. 1974
27, Expanded use of private transmission systems; microwave;
coaxial cable and wire for transmission within plant
complexes/metropolitan areas. 1974
28, Patiern reader used commercially in medical field analysis
(hospitals). 1975
29, Very cheap special purpose computers to solve specific
data processing problems in standardized ways may be
avallable, 1975

30. Computers able to 'understand" and communicate In limited

English may be avallable 1975
(1) limited vocabulary of a few dozen words. 1980
(2) a significantly enlarged vocabulary. 1985

31, Low cost computers less than $3,000/unit will be availabie
using software to replace high cost arithmetic units In
the CPU - eventually leading to portable - rugged units. 1975

32, The number of small computers put on-line sclentific
experiments will increase at a greater rate than the
rest of the market. 1975

33, Plug-in jacks on some telephones will allow convenient
portable use of digital communication devices at moderate
speeds. 1975
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ADVANCED TECHNOLOGY (cont'd.)

CONCEPT

WIDESPREAD
APPLICATION

34.

35.

36,

37.

38.

39.

40,

41,

42,

43,

44,

Voice answer-back from computer data base will find
widespread use for simple inquiry-response systems
using the touch-tone phone as a remote terminal.

Standard television sets will come into substantial
use as I/O terminals,

Development of low-cost scan converters.

A 3-color vidicon will be available, leading to
relatively inexpensive color cameras.

Inexpensive, high sensitivity vidicons for low light
level applications will be avallable,

Telephone coupled soft copy capability can be commonly
used for information retrieval and presented to the
individual viewer.

Personal terminals which "simulate" routine a~tivities
of employees In functional departments (e.g., personnel,
contract administration, pricing, etc.) so as to
increase productivity of administrative work.

Submlicrosecond core memories will be available of
10 million (107 bits), costing 2.5 to 3 cents/blt.

Holographic techniques will be utilized to store digital,
or possibly even alpha-mumeric information, as a
main storage element In a computer,

Use of laser beam recording on magnetic media for
wide band analog and higher speed digital recording
(50 megabit/sec.); incirzasing packing density by 10;
Improving access time by a factor of 10.

The costs assoclated with card and perforated tape

equipments may not be economical in the light of advances

in such media as incremental magnetic tape recorders,
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ADVANCED TECHNOLOGY (cont'd,)

WIDESPREAD
CONCEDPT APPLICATION

46,

47.

48,

49,

51,

52.

53.

Information automatically retrieved aperture cards can be
updated and rerecorded using computer aided operation
on new records. Turn around time will be a few minutes, 1975

Development of software and languages necessary to permit

close man-machine interaction and to faecilitate use of

display tcrminals by easual users rather than skilled

operators, 1975

Development of OCR standards compatible with both
upper- and lower-ecase charaeters, 1975

More logical funetions will be Incorporated into the
hardware, thereby increasing hardware complexity, but
reducing that of software, 1976

Solid state direct view display devices with selective
crasure characteristics will be avalilable. 1976

Film plotters will produce a finished aperture eard In
approximately 30 sec. 1976

Disc packs will take over a major portion of the magnetic
tape market due to increased reliability and performance. 1976

Acoustically coupled peripheral devices (low cost, portable,

and Inexpensive) will be used for personal computation.

Terminals may even be rented for short periods of time

to be used In the home. 1976

It will be found in many cases that microfiche is a better

medium than roll film for a particular application. A

converter will be designed for converting from roll to micro-
fiche. If a system In which this s used proves practicable,

it is likely that this type of conversion may Increase.

Improved techniques and materials as well as equipment

may make it entirely practical to go to high reductions
satisfactorily and we will convert from one medium to another,
Much of the conversion may come as a result of greater
standardization of equipments and film formats. 1976
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ADVANCED TECHNOLOGY (cont'd,)

WIDESPREAD
CONCEPT APPLICATION
54. lLow=-cost microfiche production equipment. 1976

55, Light sensitive (uitra-vioiet and non-u-v) paper and film
which does not require wet processing will be widely used
for hard copy, ctc. in quiet, non-impact, high speed,
terminal and peripherai equipments. Some of the materials
will have instant image formation and may require heat
or light for fixing; other materials will require a dry
auxiliary step for simultaneous latent image development
and fixing. The materials will have wide grey scale range
and high resolution. 1976

56. Transmission charges based on distance and bit rate as
well as time, l.e. based on data volume transferred. 1976

57. Dial-a-document and remote delivery over low-cost line
from automatic S & R Systems. Political action is required
to make low-cost lines available, 1976

58, Microform film sizes and types will be standardized, as
well as product terms, 40X or 8 mm image will become
predominant. 1976

59. Optical character readers capable of automatically reading
multifont characters (i.e., greater than 20 fonts) will be
available. 1977

60. Need for facsimile and OCR (Optical Character Readers) may
be eliminated by use of dual-mode documents containing both
digital, machine-readable, high density codes and conventional

man readable printing. 1977
61. Magnetic tape storage will decline In cost from millicent

per bit to less than .1 millicent per bit. 1977
62. Laser devices will be used as computer fixed storage. 1977
63. Microform printers will be capable of printing in color. 1977
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ADVANCED TECHNOLOGY (cont'd,)

WIDESPREAD
CONCEPT APPLICATION
64, Natural syntax is badly suited to computer use because
it requires sophisticated knowledge of context to resolve
ambiguities. Restricted quasl-natural syntax is a likely
precedent to natural syntax, 1977
65, Cheaper, smaller, and faster circuitry will permit more
power at remote terminals tied to central systems, 1978
66, A flat TV tube providing reduced glare, will be available
on the market at reduced cost. 1978
67. All TV circultry will be microelectronic, 1978
68, Cost of high-speed operating storage will be 100 times
less than In 1965. 1978
69. Cards will be substantially reduced as an input medium. 1978

70. Marriage of microforms with other information processing
equipment will continue to Increase the utility of microform from
only a storage medium to a dynamic and important element
in active current systems. 1978

71. 75% of all programs will be machine independent. Tech-
nically, this can be made feasible after a concerted effort
to make the machine accept a difforent type of program.
Politically and economically, this requires planned R&D and
a pur-hasing effort that would force a complete change
In the machine usage pattem. 1978

72. Processing of data directly into CRT for making of
movies depicting solution of problem, 1978

73. Use of microforms in the home will be accelerated by
merchandising in color microfiche caialoguvs read on
home TV viewers, 1978

74. A comprehensive standardization program covering character
sets and codes, imput, output media, transmission control
procedures, data elements and their codes. This will tend to
reduce costs and tend to produce compatability of computers and

terminal device. 1978
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ADVANCED TECHNOLOGY (cont'd.)

WIDESPREAD
CONCEPT APPLICATION

76.

77.

78.

79.
80,

81.

82,

83.

84.

Chcaper, smaller, and fast:r circuitry in CPU will permit
greater parallelism (circui’ redundancy), too expensive to
contcmplate today, 1979

A ncw class of machines available will be the information

retrieval system. They will be characterized by very large

memory requirements, ard the ability to handle large

memories including multiple peripheral systems. 1979

Large screcen color television with laser heams and
mechanical mirror scanning will be available, 1979

Laser-oriented memory and file storage. This type of

memory opens new possibilities. Using the laser heam to

interrogate mass random access memories, implemented

as fixed arrays, weuld result in capacitics of 109 to 1010

bits at a cost of a few mills per bit. This opens up the

possibility of combining file storage with operating memory

for file-oriented logistics information systems, 1979

Widespread use of LSI for computer memories. 1979

Erasable mass storage units of 1010 bit capacity will have
access times less than 10 milli-seconds and cost .1
millicent per bit, 1979

Increase in use of fluidic devices for certain control and
logic functions, automatic, etc., will result in increased
reliability, but will only have a negligible effect on speed., 1980

Holographic techniques may compete with and/or supersede
the use of TV consoles for man/machine interface. 1980

Erasable mass storage units of 1013 bits capacity will
have access times of less than 1 sec. and cost less
than .1 millbit. 1981

There is an extremely great need for a revolutionary new

type of microfilm reading device. It should be as easy or

easier to use than a book, pocrtable, and can be read leaning

back in a chair. You should be able to take it to bed with

you if you like, The system surrounding it should be one

which will allow the user to carry with him, or have at

his disposal, large amounts of information. 1980
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ADVANCED TECHNOLOGY (cont'd,)

CONCEPT WIDESPREAD
APPLICATION

s5. The use of facsimile devices will increase to such an
extent that scanners and printers may become common
office equipment. 1980

s6. Charges for use of public telephone network based on
access (number of calls) rather than time and distance. 1980

47. Widespread production of motion picture and TV for both
education and entertainment utilizing computers for both
design and display. 1980
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CONSTRUCTION

INTRODUCTION

The construction state~of~the-art survey systcmatically identifies and
documents present concepts and procedures for planning, designing, and
constructing health carc facilitics, emphasizing thc concepts and proccdures
mos. applicable to the "New Generation'" of Military Hospital (NGMH). In
addition, this survey evaluates and predicts thc impact and availabllity of
advanccd technology which could influence health-care facilities bullt after
1972,

This survey focuses on construction concepts and procedures which can
provide a basis for systems analysis. Specific construction materials or
methods are not discussed since construction is heavily dependent upon local
factors such as climate, aesthetics, manufacturing and building capabilities,
materials and labor availability and building codes - all of which must be

individually evaluated fcr each new or remodeled BLHC System.
TECHNICAL APPROACH
Our survey was conducted in four (4) steps:

Step 1 - On-site visits to Beaufort, Andrews, Dix, Jacksonville, Long Beach,

Sun Diego, Oakland, Eglin, Tyndal, March, and Lackland BLHC Systems,

where Westinghouse interviewed military and civilian personnel familiar with

the original construction program and its management, its costs, changes to the
initial bullding and their costs, and the bullding's operating and maintenance

costs, The Interviews also explored construction methodology, legal and
Institutional constraints, progress review procedures, current criteria used

to translate health-care requirements into facilities, and the design/construction
process. Data on these CONUS health-care facilities, such as original size and
cost, construction date and direction, and nature and timing of changes was

obtained.
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Step 2 - Further visits were made to eivilian systems within the Veterans
Administration and Public Health Service, university-related teaching, urban
and suburban profit and non-profit, and Kaiser Foundation systems, Speeifie
hardware, such as automatic materiel handling equipment, was examined in

detail.

Step 3 - Two design team members visited health-care systems in England and

Europe, cvaluating their current eonstruction proeedures.

Step 4 - Literature relating to military and eivilian health-care facilities
eonstruction was reviewed. Ineluded were government reports, technieal
journals, and manufaeturers' data. A bibliography is ineluded at the end of

this seetion which indicates the sources and depth of the search.
STATE-OF-THE-ART

Improvement alternatives were studied which best fulfilled two primary
objectives: improving the relationships and balance between initial, operating,
and maintenance costs to enhance the systems' abilities to meet the present and
future needs of the NGMH; and improving cllent-designer-contractor relation-
ships to achieve optimally appropriate designs, material selections, and
building procedures.

Interviews with concerned mllitary and clvillan health-care personnel
made it apparent that least acquisition cost is the overriding parameter in
most construction programs. This is the result of rapldly increasing construc-
tion costs over the past twenty years and the difficulty in obtalning bond and
mortgage funding which must be amortized over the facllity's life,

Health-care facilities are becoming more complex, with sophisticated
mechanical and electrical services cornmonplace. Therefore, costs will
likely continue their spiral, especially if a major industry realignment,
perhaps catalyzed by the Federal Government, does not occur.

Westinghouse is convinced that initial costs should not be used as the

only or primary criterion for evaluating construction. Far too often low initial
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cost leads to poorly planncd or built facilities and to offsctting or overriding
alterations costs. Consequently, the possibility of using slightly more expensive
planning, design, and construction conccpts should be evaluated against life-
cycle bencefits and sensitivitics to growth and change.

Costs, however, are difficult to pinpoint because of the many interreclated
variables assoclated with any construction project. Thercfore, preliminary
estimates of future costs must be based on fragmentary, often unrelated,
historic costs.

Improvement in client-designer-contractor relationships and communica-
tions can significantly benefit any large project. Historically, the clicnt has
had difficulty in representing the nature of the system, its interrclated functions,
and its sensitivity to growth and change to planning and design professionals.
Conscquently, systems which are adequate by today's planning and design
criteria may still be inadequate in terms of true, life-cycle client needs.

Ralsing the level of understanding of the interdisciplinary team of
clients, planners, designers and builders with respect to systems dynamics and
operational environment is far more valuable than looking for a ""miracle"

hardware or ""building system" solution.

Design Concepts

There is considerable similarity in the design concepts used for most
military and civilian health care facilities. Whatever the final building form,
the architect usually begins by designing a tower in which wards are grouped
around one major vertical shaft containing elevators and major utilities dis-
tribution risers. Tower size depends on the client's ""bed" requirements and
the extent to ‘'which wards can be grouped around th’ i shaft in the configuration
selected. Individual wards will vary In their design according to client prefer-
ences, architect abilities and preferences, and to some degree the institutional
preferences of the funding agency, if any.

A major exception to design similarity is nursing unit layout where

configurations range from circular to triangular, This diversity of shapes and
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their integral layout refleet the varied interpretations of the client's nceds by
the architeet, plus minor input from health-care professionals and possibly
from opcrations analysts.

The layouts reflect the client's organizational and manpowcr eoncepts, or,
in extreme cases, are designed around a specific technological innovation such
as automatcd materiel handling, making the cntire system susceptible to the
obsolescence of one sub-system component.

Typically, the nursing unit tower is located atop a symmetrical low-
hcight base, which houscs outpaticnt, ancillary and administrative activities.
This low-hcight scction carries the standard loads to grade.

Each obscrvced layout was designed to accommodate a specific patient
mix, and to minimizc one or more of the following:

1. First Cost

2. Space/patient ratio

3. Periphery (outside building wall area)

4, Number of steps required by nurses (adjacency)

5. First cost using all private rooms, or some other static mix.

Present design concepts minimize the system's change and growth
sensitivities, and the dynamics of changes in patient mix, organization, and
technology level. Designs which minimize growth and change capabilities deny
that medical practice is changing, that socio-economic developments are
affecting patients' acceptance of health-care environments, that technology is
constantly making hardware cbsolete, and that the rate of change is accelerating.

The major innovations observed in design concepts were: the professional

corridor, interstitial space, modularity, and changes in major elements.
The Professional Corridor

With the professional corridor concept, patient rooms are usually on the
periphery of the nursing unit, and the medical, administrative, and support
facilities and staff are located in the center. This design allows maximum

staffing and management flexibility and minimal staff movement inside the ward.
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This design can also accommodate cihanges in patient mix, levels of care and
patient support, and materiel distribution. Allied with major functions amenable

to change, this concept incurs relatively low initial and life-eycle costs.
Interstitial Spaces

Because of the importance attached to change capabilities in health care
facilities, a design concept has been developed which separates the major
utility sources (HVAC, plumbing, electrical) from the primary space. All
ducts, piping, conduit, etc., are installed in an intermediate floor (generally
6 feet to 8 feet high) above the primary space. Only the final connections to
the primary space must be integrated into the original design, and only they will
contribute to cost during alterations or expansion. These interstitial spaces
may be obtained by the use of joists and trusses which can provide clear spans
up to 80 feet.

Because of its extreme initial cost penalty (up to twice the cost of an
equivalent conventional facility), interstitial space can be justified only in a
8ystem where fundamental physical changes will be required frequently but will

be totally unpredictable in scope and character.
Modularity

In the construction industry, "'modular" means that every space is designed
as some multiple of a given dimension, allowing economics in design detailing,
manufacturing, and installation,

Although complete modularity of all materials and equipment in the system
can offer substantial economies in design detailing, manufacturing, and installa-

tion, manufacturers require a large market before they will start production.

Major Elements

Major elements of the BLHC System will be affected by local and regional
factors and should utilize the overall system deslgn criteria; these criteria

should not be bent to accommodate any major element. Initial, operating and
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maintenance costs can be significantly affected by the design of major elements

such as the struetural frame, HVAC, and utilities.

1. Structural design has been affected by evolutionary developments in
steel and conerete, resulting in lower costs for longer clear spans and
lightweight short spans. Because manufacturers are increasing their
roles in these developments, the time from concept to materials
availabllity is usually very short.

2. New HVAC designs meet the need for a high-quality environment.
Several trends !nclude the greater use of high velocity air movement
adaptable to individual space nceds, terminal units with local exhausts
to minimize or eliminate air returns to a central fan and its infection
distribution dangers, heat reclamation and energy transfer to reduce
operating cost, humidity control to improve patient comfort, and equip-
ment ""modules' for easy Initial and replacement installations.

3. New concepts in plumbing and utilities design has resulted in: vacuum
assisted sewage disposal to reduce first and life-cycle costs through use
of smaller piping, and to reduce site layout constraints because gravity
is not the entire motive force; easler, less costly rearrangement and
additions; reduced water usage, reduceri susceptability to clogging and
other maintenance problems; simpler venting; and major revislons to

concepts such as pipe sizing standards.
Planning and Design
Planning and contracting procedures typlcally follow n four step program:

Step 1 = The client engages an architect to design the facility within a budget
constraint to meet the population's needs, depending on the architect to evaluate

the system's Interrelationships and minagement policles and procedures.

Step 2 = The cllent appoint3 one person to interface, guide, and control the
architect, and to protect the cllent's Interests. The architect's output is
also perlodically reviewed by a committee of health-care personncl, many of
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whom have ncver participated in a construction program, and who, therefore,

arc not deeply acquainted with the long term effects of carly design decisions.

Step 3 - The architect sclects structural, mechanical and elcctrical engineers,
often on the basis of past relationships rather than on their experience with

hcalth-care facility design.

Step 4 - The architect and his enginecers complete the plans and specifications
and 2dvertise for bids from general contractors. The contractor is usually
sciected on the basis of lowest bid price, interjecting the risk of contracting

with a firm with little or no experience in health-care facility building.

Another planning approach is to use a consortium of professional and
specialized planners, designers, and construction inanagers to define the
health-care nceds, the resources needed to fulfiil those needs, and the
organizational rclationships within the facility. These professionals also
complete the facilities design, manage thc building work, and occasionally
arrange financing. This procedure offers the advantage of an interdisciplinary
approach in which any policy decision is rapidly evaluated against all other
alternatives. The presence of a project manager with overall authority and
cxposure will ensurc ihat all group members correctly interpret design
concepts, and the entice planning piase vill be accelerated,

A consortlum group may also offcr the option of integrating the construc-
tion phasc into their cffort, a common practice in the manufacturing and process
industrles, The group may also offer to own the facility and lease it back If
this colncldes with the client's capital structurc,

A number of additional refinements are bolng introduced into the
individual professional groups:

e Management tools, such as PERT networks, will be increasingly used
to control and accelerate the variows work phases through a better
understanding of their interrclationships and their effccts on deadlines.

¢ Computer based specification writing and detail drawing, coupled with
improved data bases and retricval systems, will shorten the design
process and make the latest data on materials sclection avalilable,
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e Computer based caleulations of major design eriteria and eonstruetion
estimates will allow more aeeurate evaluations of options.

Building work is contraeted under three basie types oi contraets and with

firms having varying levels of management and design abilities.

1. Use of a general contractor is the most prevalent method. The general
eontraetor takes responsibility for the entire projeet, excluding planning and
design, and is usually selected on the basis of his low bid for the work defined
by the architeet's drawings and speeifications. They subeontraet speciality
work, sueh as HVAC, eleetrical, masonry, and roofing to qualified sub-
contractors, thereby realizing savings through higher productivity. The
general eontraetor undertakes project management, ineluding coordination of
sub=-contractors; he typically performs exeavation and instalis the concrete and
structural frame with his own forces; however, the percentage of in-house and

sub-contracted work varies from firm to firm.

2. A designer-builder may assume responsibility for all design and
building, v#ork under a singlic contract. The designer-builder manages the
field work in the samc way a general contractor does, but often sub-contracts,
at his option, larger portions of the work in major speciaity blocks.

The clicnt awards a single contract and thereby concentrates responsibility
with one firm. Contracts are typically negotiated, rather than competitively bid,
and usually contain incentive clauses for reducing costs below a guaranteed
maximum amount, and bonus/penaity clauses to reward or peualize the
designer=builder for rapid or delayed completion,

Designers-buildcrs have broader capabilities than a general contraciar
because of thelir in-house design and construction management capabiiities.

They can also advise the client of costs during preliminary planning, analyzing
1 aterials and methods alternatives to >ptimize selections,

3. The client can act as his own general contractor, sub-contracting
ail work directly to sub-contractors, thereby saving the gencral contractor's
or designer-builder's markup.
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This approach requires that the client have sufficient in-house management

personnel to administer and control a large projeet. Without this management,
savings are rarcly rcalized, as the client is faced with the complex job of
coordinating several, inter-related contraets. Coordination problems are
further compounded if the separation of trades is not clearly refined by the
design, and if the absenee of a builder compromises coordination between the

trades.
ADVANCED TECHNOLOGY

The objeetive of advanced technology is to produce hardware or desigr
coneepts which will result in a facility with adequate acstheties and quality, at
redueed initial and life-cyele eosts. Several eonecepts have the potential to

meet these objectives:

1. Cheaper, lighter, or stronger materials are being sought to substitute
for existing materiais or to fulfill several purposes (for example, pre~cast
concrete slabs which are structural floors and which can aiso carry electrical

and telephone conduct, plumbing, and HVAC pipes and duects. )

2. Higher labor productivity at lower skill levels is a more efficient
method of producing a construction clement, using expensive capltal equipment
and a factory setting. In general, this process is designed to utilize lower
paid industrial workers instead of skilled construction tradesmen. The
benefits to be gained are claimed in at least threc major arcas: better working
environment, tools, and supervisionand will result in higher output/man; the
results will be more uniform in quality; lcvels of skills and, therefore, the

base rate/man will be lower.

3. Spceding up the construction process will lower costs if this speed is
obtained by lowering the amount of field labor, This approach somewhat
parallels number (2) above, because It gencrally implies factory pre-fabrica-
tion of parts shipped to the site for erection. However, it can also
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include (1) above, where, for example, demountable walls (dry) are used instead

of lath plaster walls (wet)., Whatever method is used, the aim is always to
reduce the time trom initial planning to beneficial occupancy. One major cost

item affected by this is the cost of financing.

The major barriers to the use of these advanced concepts in U, S, health

care facilities are:

1. The Relative Fragmentation of the Market - Even though there are a large

number of health-care faeilitics being built, there is not suffieicut agreement
among the various users eoncerning physieal forms, equipment, finishes, and
spacc requirements to warrant a full seale development and manufacturing

program,

2 Distribution - Most building systems have originated in Europe where population
density is far greater than in this country, and tane distanec between major
populatl~n eenters is smaller. Uniike the U, S,, one large factory, with a

high potential for eost economics, can serve several areas.

3. Gevernmental Subsidies - Most European governments devote considerable

direct and indirect subsidies to system manufactur2rs becaase of the pressing
need to rebuild their physical plants after World War II. The direct subsidies
come ia form of tax rebates; priority in obtaining raw matcrials; the develop-
ment of national building coded; provision of loans; creation and long term
maintenance of markets; ctc. One of their most Important indircet subsidies
comes In the form of long range research into the performance requirements

of the buildings under study (mainly housing) and the provision of roads, sewecrs,
water, rapid transit, etc., which encourage the demographic patterns used in
the decislon process for entering into raanvfacturing,

4. Fear of Job Security - Many construction trade unions fear loss of jobs
as a direct result of more systems building, and are further concerned by the
inherent breaking down of long time jurisdictional barriers. Their efforts to
date have been aimed at inhibiting the introduction of systems building by
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demanding that field trade rates of pay apply to union supervisors in the

factory.

5. Building Codes are numerous, loeal, and vary enough to require separate

techniques and materials te satisfy them. Many eocles give speeific approval

to a narrow band of materials and practices, excluding advanced materials and
procedures and performanee oriented speeifieations. While the NGMH's are on
Fedenl p1 perty and therefore theoretieally rree from code restraints, the
present eode strueture in reality inhibits development and use of advaneed

technology by inhibiting market growth.

Because of these eonstraints, construction economies at this time are

limited to:

1. Materials substitutions which are allowed by codes or which are suffieiently
tested to foree code acceptance in most localities such as PVC pipe for cast

iron and copper.

2, Prefabricated sections, or "modules', such as factory-piped and wired

bathrooms, partitions, and slabs.
3. Improvements in planning, design and construction management.
4. Use of larger modules, such as factory-finished ICU/CCU rooms.

5. Adapting a system logic that minimizes construction cost for each
discrete area. For example, mechanical design criteria might be different
for a coronary care unit than for a light-care ward without jeopardizing the

system's ability to adapt to change in patient mix.
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DENTISTRY
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INTRODUCTION

Dentistry in 1970 is scarching for methods of providing more
individuals with Improved health care at a cost which is within their
means.  To accomplish this, dentistry must devise techniques whereby
the dentist can provide more services in the same amount of time, The
development of high speed cutting instivmente In recent years has been a
glant step in this direction and has stimulated much of the new exploration
in the field of dental practice. ,’

The present imbalance between the population's dental needs and the
number of avallable dentists constitutes a national problem, A literature
review has shown that it is unlikely that there will ever be cnough dentists
to fiil those needs. Currently, there are 90,000 practitioners in the U,S,
Based on projected population increases, this figure would need to be more
than doubled in the next ten years just to maintain the status quo,

R is estimated that over 90 percent of the population have dental
caries, over half the aduit population suffers from peridontal disease, and
more than 20,000,000 people in the U.8. have lost all their natural teeth
Moreover, of the total reported cases of cancer, five to ten percent are
found in the mowis, One prescription for the nation's dental ills is periodic
dental luspection to detect deviations and trest them before extensive
damage occurs. Yet only 20 percent of the population receive regular and
adequate dental care, and only 40 percent recelve any care at all, One
reason for this situation is that the ratio of people qualified to perform
dental care Is one to every 1900 people who need it.

Clearly, the problem of increesed productivity is the greatest single
challenge faced by modern dental medicine. Meeting this challenge will
involve revision of traditional concepts in the areas of dental methodology;
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of utilization and training of ancillaries; of dcsign and function of cquipment,
instrumentation, and operatory space. Innovations must be cvaluated in
terms of their cffect upon trertment capability, with maximum dentist
cfficiency the uitimate goal.

TECHNICAL APPROACH

In surveying the state of the art in dentistry, wec first conducted a
literature scarch including periodicals such as the Journal of the American
Dental Association and the Journal of Carnadian Dentistry, proccedings of
dental conferences, and reports generated by the Public Health Service,
the U, S. Navy, and the U, S. Air Force. (A bibliography is included
at the end .. this scction,)

On March 26, 1970, we visited the Health Center at the University of
Alabama in Birmingham, Alabama. Under the direction of Dr. Arthur H.
Wuchrmans: and Dr. Glenn E, Robinson, this school has pionecred new
designs in equipment and its arrangcment In the dental operatory. It was
among the first to do extenslve experimentation with four-handed dentistry
concepts and to introduce them to others, Moreover, it is recognized for
its leadership in demonstrating how auxiliaries can be used most effectively
and in defining the expanded duties that may be assigned to them.

The Dental Healta Center of the Public Health Service in Louisville,
Kentucky was visited on March 27, 1970. For the past three years the
health center has heen conducting dental studies on subjccts such as the
ratio of the mumber of operatories to dentists and to auxiliaries, what
procedures auxiliary personnel should perform, and how auxiliaries
should be trained.

On April 9, 1970, a meeting was held in Washington, D. C., with
representatives of the Army, Alr Force, and Navy dental corps. In
attendance were:
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Colonel James E. Cassidy, Chief, Professional Branch Office,
Assistant for Dental Services, Office of the Surgeon General,
U.S. Army, Washington, D. C.

Colonel Robert C., Walters, Dental Research and Clinical
Requirements Office, Assistant Surgeon General for Dental Services,
U.S. Army, Washington, D, C.

Captain E. F. Sobieski, Planning and Logistic Branch Office,
Assistant Chief for Dentistry, Bureau of Medicine and Surgery,
U.S. Navy, Washington, D. C.

Other persons contacted for discussion or information inciude:

Dr. Charles O. Cramford, Acting Chief, Manpower Development Branch,
Division of Dental llealth, Bethesda, Maryiand

Dr. Richard Ribisii, Manpower Deveiopment Branch,
Division of Dental Heaith, Bethesda, Maryiand

Dr. Stanley Lotzkar, Associate Director,
Education and Manpower Training,

Bureau of the Health Professions,

Divison of Dental Health, Bethesda, Maryiand

Dr. Frank Burdick, Chief of Dental Services,
Veterans Administration Hospital,
Pittsburgh, Pznnsylvania

Dr. Danlel Meadows, Chief of Dental Service,
Veterans Administration Hospital,
Birmingham, Alabama

Dr. Keith Marcroft, Staff Prosthodontist

Veterans Administration Hospital,
Birmingham, Alabama

Dr. Jame Austin, Staff Dentist
Veterans Administration Hospital,
Birmingham, Alabama
STATE OF THE ART
The general trends in dentistry are:
1. To treat the patient from 2 seated rather than a standing position.

2. To practice four-handed dentistry in the treatment of the supine
patient.

3. To redesign equipment to meet the needs of four-handed dontistry.
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4. To increase productivity through effective utilization of
auxiliary personnel,

5. To design effective multiple operatories,
6. To improve dental radiography.

7. To improve operatory illumination.

8. To improve dental sterilization,

9. In the military to provide comprehensive dental care to service
personnel and their dependents.

10, To establish preventive dental care facilities.

Sit~down Dentistry

The traditional posture for performance of dental procedures requires
the dentist to stand while the patient sits in a slightly reclining position.
The dental chair is constructed so that adjustments to the back and headrest
are frequently needed to make the patient comfortable and to improve the
visual approach of the operator. Other pieces of equipment are bolted to
the floor in such positions that auxiliary personnel cannot be utilized
effectively. In addition, dental assistants and other personnel, not having
been trained to work efficiently, In most Instances represent only a combination
of a part-time chairside asaistant, receptionist, bookkeeper, and janitor.

Investigators, both individually and in groups, have studied the strengths
and weaknesses of conventional dentistry methods. Their findings and field
reports, which show that most dentists are anxious to abandon the conventional
stand-up method, are largely responsible for the trend toward sit-down
dentistry. This trend Is likely to accelerate in the 1970's since dental
students are being trained in this approach.

The new posture overcomes the chief drawback of the old -- fatigue
and the concomitant erosion of performance efficiency. Although some
older dentists have difficulty working while seated and a few patients resist

the supine position, the major roadblock to widespread utilization of the
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sit-down method has been the unsuitability of most standard dental equipment.

It has proved to be both inconvenient for the dentist and uncomfortable for
the patient. The solution to this problecm lies in the redesign of equipment
and the implementation of four-handed dentistry.

In two-handed dentis‘ry the dentist works alone. Although he may employ
an assistant, the assistance given is indirect, consisting of seating the patient,
positioning cquipment, mixing amalgam, and pérforming other extra-oral
tasks.,

Convcrsion to sit-down dentistry changes this picture. The mouth of the
supine patient is now accessiblc to a second pair of hands. The dental
assistant works directly in or near the oral cavity, relieving the dentist of
routinc treatment tasks, The assistant also relays instruments, equipment,
and materials as the need arises so that the seated dentist need not leave
the immediate area of the patient's mouth to complete the operation,

At the present time dental schools have federally supported programs
to teach four-handed sit-down dentistry, and complementary programs for
dental ancillaries are developing in junior colleges. Some high schoole
noew offer dental assistant programs in conjunction with the 11th and 12th
grade academic course and have produced trainees with excellent potentials.
It may be possible for these students to attend a junior college or dental
school program with advanced standing. High schools are also considering
the possibility of adding a post-high school year for additional training. At
this time, students completing high school programs are not certified by
the Council for Dental Education of the American Dental Association. But
as these programs develop, it is likely that requirements for certification
will be reviewed,

The practice of four-handed dentistry is complicated at present by
the limitations of state dental regulations, Most state codes are prohibitively
restrictive, and only a few are broad enough to permit expanded duties by a
dental assistant. An example of enlightened dental regulation is the 1967
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revision of the Rules and Regulations of the Pennsylvania law:

A legally licensed and registered dentist may delegatc to com-
petent dental auxiliary personnel those procedures for which the
dentlst excrcises direct supcrvision and full rcsponsibility ex-
cept as follows:

(1) Those proccdurcs which rcquire professional judgment
and skill such as diagnosis and treatment planning and
the cutting of hard and/or soft tissues or any intra-oral
procedure which would lead to the fabrication of an
appliance which, when worn by the patient, would come in
direct contact with hard or soft tissue and which could
result in tissue irritation or injury.

(2) Those procedures allocated by the Dental Law to Registercd
Dental Hygienists.

Nation-wide enactment of similar changes will enable auxiliary personncl

to assume the additional responsibilitles required in four-handed dentistry.

Adaptation of Equipment

The efficiency of sit-down four-handed dentistry depends, to a large
extent, upon the functional compatibility of thc dental equipment.

New designs for the standard dental chair reduce the thick heac rest
and increase the degree of recline. With the chair lowered to a completcly
horizonal position, the seated dentist and his seated assistant can work in
comfort with unimpaired visibility.

Streamlined cabinetry design places the work surface over the chairside
assistant's lap at elbow height. All restorative materials and essential
equipment are readily accessible so that the assistant need not leave the
operating area, reach excessively, or open special compartments. The
cablnet is mobile and no larger than necessary to accommodate thc usual
instruments and materials for one or more types of opcration.

The problem of developing equipment to meet the needs of sit-down

four-handed dentistry has received a great deal of attention in dental schools
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across the country, The University of Pittsburgh School ef Dental Medicine
was the first to achieve a lange-scale breakthrough in this arca,  Aithough
a number of mobile dental units had previously been designed and soid on
a limited basis, it was in 1964 that the faculty of the Pittsburgh School
along with the S.S. White Dental Manufacturing Company  developed a
mobiic unit that was both functional jn design and educatiomal in purpose,
Two hundred and cighty six operatories were equipped with this unit which
is connected to the floor by a umbiiical cord arrangement for utilities
that cnables the unit to be casiiy moved within the operatory, The College
of the Pacific in California has developed a unit similar to it, with the
exception that it is larger and contains additional compartments. These
units contain retractable hoses which limit their range of operation. The
usce of non-vetractable hoses would permit a veduction in the size of the
unit and provide more flexibility in the utilization of the instruments. The
University of Alabama is a leader in the field of equipment experimentation.
New designs initiated there include a mobile dental cabinet, a stainl:ss
steel presct tray, and the '"Dentassist' chairarm equipment attachment.
Research on dental equipment is continuing. New designs with
built in flexibility will continue to appear on the market to meet individual
needs, such as those of the ever increasing number of practitioners who

arc left-handed.

Utilization of Auxiliary Personnel

Therc is a growing awareness of the fact that the skills of auxiliary
personnei constitute an insufficiently-tapped resource for augmenting pro-
ductivity. Support personnel such as the receptionist, the clerk, the
sterilizing aide, and the ''roving" assistant who seats and drapes the
patient and cleans up the operatory, can relieve the dentist of time-
consuming chores. The hygienist, the assistant, and the technician, have
valuable skills that can be utilized to significantly increase the dentist's
treatment capacity. Creation of a new category of auxiliary personnel
termed by some a 'dental therapist" is presently under consideration. Also
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under consideration is the professional dental administrator whose function would
be similar to that of the hospital administrator in arcas such as staffing and
administration of arcas other than those involving professional judgments.

The practice of four-handed dentistry represents an advancement in
the utilization of auxiliary personnel., This takes the form of intensificd
auxiliary involvement in the treatment process and is the basis of what is
called the "team™ approach to deatistry. It is achieved by cxpanding the
duties of qualified assistants to include certain routine treatment procedures
usually performed by the dontist, such ag pumice prophvlaxis, cxposure of
X-ray film, rubber dam applieation, suture removal, cavity toilet, adapt-
ation of the matrix and the placement of resterative materials.

The dental team can be used for cither stand-up or sit-down
dentistry and is flexible both In composition and in function, Experiments
have been eonducted using two, three, or four assistants per dentist,
serving in various roles at from one to four chairs. All comhinations
showed an Incrcase in produetivity in ratios up to 120 per cent, although
some four-chair tests proved overtax‘ng to the dentiat. Studies by the
Navy and the Public Health Service indicate that the most efficient team
consists of one dentist, three assistants, and onc roving assistant serving
threc operators. It should be noted that efforts te cvaluate patient objections
failed because none of the patients expressed any objections,

Dental schools now have Dental Auxiliary Utllization Programs which
introduce students to the team concept and teach them how to function
effectively within its framework. In these programs dental students work
with auxillaries in trecatment sltuations. Assistants may be trained
auxiliaries, of which there is a scvere shortage, If the school is one
of the few that offers a training program for dental assistants or they may
be fellow students. It is ¢xpected that this team training will have a
significant impact on the practice of dentistry within five years. More
accurate projections cannot be made until the legal aspects of para-dental

assistance arec clarified,
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Operatory Design

Optimum utifization of space s a corollary of optimum uwtilization of
auxilary personncl,  The productivity potential of the dental team can best
be realized in a muitiple operatory factlity areanged in one of three basic
patterns,  The circular arrangenieat in essence provides a centralized
supply arca for scrvicing multiple operatories with a minimumt expenditure
of time and effort (Flgure 1), To be most effective the dentist, is
stationed at the outside of the wheel where there s the greatest amount
of space and where he can move easily to each operatory. The rectangular
Iavout (Flgure 2) uses parallel operatories separated by dividers, Speclal dental
arcas, such as oral sungery, perodontics, and endontics may be allocated separate
rooms, A private office type of arrangement could be useful for a small facility,
but somewhat lirniting on a lane scale because of the difficulty involved in
communicating between offices and the scyvice area,

There is a division of cpinlon conceming the optimum height of the
operatory divider. it may estend to the ceiling for the privacy of the
patient or stop at about the four-foot level so the dentist can supervise
the delegated procedures being performed in each operatory by the assistants.
Patierits treated sitting in an upright position can easlly see over the top
of a four-foot divider. But with the patient in a supine position and with
both the dentist and assistant sitting, the four-foot height provides adequate

scclusion,

Dental_Radiography

Traditionally, dental schools did not offcr comprehensive training In
dental radiography. Such training was usually limited to the 65 kilovolt,

10 milliampere X-ray techniquc with somc instruction in the potential
benefits of higher kv techniques and the bacsic principles of photochemistry.
Now the trend is toward 90 kv X-ray equipment. This trend is
reflected by the fact that all X-ray machines currently produced are capable
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FIGURE 1. Circular Multiple-Operatory Design.
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of 90 kv. With higher kv capacity, there is better resolution, less distortion,
lower radiation leveis through shorter cxposure time, and a broader gray
seale that shows a more distinct contrast between bone and tissue,

X-ray fllm developing is being simplificd,  Automatic film processors
which give more consistent results in less thne ave gaining greater
acceptance,  Sinee these deviees minimize processing defects arising from
poor darkroom control, they all but obviate the nced for retakes and
unnceessary patient irradiation. The fact that the films produced can
be used immediately for diagnosis alds in treatme.t and reduces the number
of pullent visits,

Another trend and the most significant innovation in dental radiography is
the usc of panoral X-ray machines for comprehensive oral diagnosis from
one minimal exposurc, The panoral X-ray machine is currently used by
five to ten percent of practicing dentists, it Is standard equipment for
the Veterans Administration, Armed Forces, and the Public Health
Department, and most major dental schools now teaeh their students how
t. use it.

The move toward simplicity of operatlon is alsc exemplified in
machines, now avallable, which featurc preadjusted voltages and currents

and pushbutton compensation for flim and cone variables,

Illumination in Dentistry

Proper illumination reduces eyestrain and nervousness, and promotes
higher quality and more efficient work., Because of the visual detal! in
dentistry, it is important to meet the following lighting criteria: (1) a
minimum lllumination of 1,000 foot-candles on the patient's chin; (2) a
contract ratlio of from 6:1 to 10:1 between the oral cavity and the
surrounding ligit; {3) a color balance of the artificial light which approximates
natural light, to m.ake it ecasier to match the eolor of fillings to the teeth;

and (4) light sources that can be easily moved from one pcsition to another,
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it is desirable, in addition, to have some ultraviolet radiation, to minimize
the amount of heat which is emanated from a light source, and to use long
lasting bulbs which show little or no change in light intensity and color
bajance with age,

some dental lights on the market, such as the auratron tub-ss, ful-
fili many of the above requirements,  An auxiiary point light for intraoral
use would be useful, but itg development has been hampered because most
available light sources are too jarge amd give off too much heat,

Fiber optical light sources are cool and compact, liowever, they are
not vet fully accepted by the dental community, perhaps because they pro-
duce a diminutive bright spot of light which ¢an cause visual discomfort,
they require additional and more expensive specialized handpieces and

increased bullk in handpiece size.

Nerilization i Dentistry

There 18 an ever=present danger in dentistry of cross-infection between
patients and dentist if dental instruments are not sterilized properly. Methods
of sterilization now in use include high temperature steam, dry heat, boiling
water, alvohol vapor, and ethyvlene oxide. liowever, there is no agreemenmt
on which method or combination of methods is most rellable. Autoclaving,
or sterilization through high temperature steam, is cffective. Dry hest,
which takes longer, is also an effective sterilizer; however, faulty tempera-
ture control mechanisms are common in commercial dry heat sterilizers which,
of course, decreases their reliabllity. Bolling instruments in water at
atmospheric pressure does not accomplish sterilization because some spores,
as well as the hepatitis virus, survive long periods of boiling. The alcohol
vapor sterilizer is preferred by some dentists because it does not corrode
cathon steel cutting instruments,  Although the sporicidal ability of the
alcohol vapor sterilizer has been questioned by some research microbilologists
both here and abroad, there is formidable evidence attesting to its

cffectiveness,
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Ethylene oxide sterilizers, complete with vacuum pumps and humidity
controls, are considerably more expensive. But since their sterilizing
effectiveness is unquestioned, many prefer to use them. The ‘ow sterilization
temperatures of these machines make it possibic to sterilize handpicces
without any deleterious cffects on thelr intricate parts. The mailn draw-
back is the time it takes to sterllize -- from cight o ten hours,

Sterilized tray set-ups for cach procedure provide hoth convenlence
and uniformity, as well as climinate the large cabinets that are now used
in most operatories. Preparced instrument trays are asscembled in the
central support arca and stored in cabinetry accessible to the dental
operatory. Cabincets located between the operatory amnd the support arca
with openings on both sides are most functional,

The use of disposable instruments is Increasing and warrants further
investigation. With such single-usc instrumernts the problem of sterilization
is automatically solved,

Military Dental Care

Although the military ratio of dentists to patients is more favorasle
than the civillan ratio, a constant turmover of personncl makes it possible
to provide only a small portion of the treatment rcquired. In 1962 it was
estimated that the dental treatment deficit in the Army cexceeded 8,000,030
hours and currently it is almost double that amount. With a Dental Corps
of 2800 officers which equals about 4,000,000 professional hours for treatment,
it is possible to meet only 20 to 25 percent of the need for dental treatment,
Actually, the oral health of men entering active duty is so poor that the
initial treatment requirement they represent cach year exceeds total treat-
ment capability.

Since the neced for dental care so greally exceeds the capability for
providing it, the Army Dental Corps Policy Committee sct up the following

order of priority for patient treatment:
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o Emcorgency care for ajl patients as quickly as possible,

2. Freatment of patlents whose conditlons have o high probabHity of
interfering with duty performance or of patienis with skills eriticaliy

important to high priority mliltary m}sslons.

Jo Mandatory preventive care for all personnel under 26 years old
and for all patients recciving clinical treatment,  Preventive care

would be avallable for others on a voluntary basis.

1.  Comprehensive, definitive eare for earcer military personnei to
be cencouraged and, If resuits from prototype programs are

favorable, to be required on an annual basis,

5. Definitive care for other military personnel to the extent resources

permit,

6, Definitive care for other authocized personnel to the extent resources

permit,

Utllization of auxillary personnel, vparticularly those qualified to perform
expanded dutles, could equalize this unbalanced care/need situation, At
present, however, the number of auxiliaries available is inadequate to fulfill
the need,  Predictions are that this shortage will continue for at least five
vears. Although the rate of training is Improving there is little hope that
it wlii produce the number of required dentists unless the military establishment
institutes Its own training programs, If the training of auxiliary personncl
becomes a major project for the military, then additional professional
personnel must he provided for teaching purposes,

The fact that mlilitary dental care is In a critical condition becomes
cven more apparent when the status of military dependents is considered.
These people have not, as yvet, been incorporated into the military dental
care program, Dental care Is authorized only for dependents overseas or

in remote arecas and in emergency cases.
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During hearings before the Senate Subcommittec on Health Benefits
Legislation during the 89th Congress, Sccond Session, it was brought out
that the military scrvices consider the lack of a dental care program one
of the major morale problems of the serviceman and his family. A survey
taken by the Air Force in 1962 showed that 36 percent of the officers and
50 percent of the enlisted personnel questioned said that the provision of
dependents’ dental care would affect their decision as to extending their
periods of service. According to the Surgeon General, "many military
families have had to turn to relief sources for assistance in paying their
dental bills."

On the other hand it is obvious that the uniformed dental services are
just barely managing to care for active duty personnel, To triple their
workload would be to cripple them severely in relation to the accomplishment
of this primary mission. To solve the problem of dental care for dependents
it may be necessary to make extensive use of civilian dentists, with split
shift schedules for military dentists as a possible adjunct or alternative.

Legislative proposals to institute comprehensive dental care for
military dependents is now under consideration. Action has been deferred

pending the completion of studies on manpower and cost requirements,

Preventive Dentistry

One of the most vital principles of dental medicine is preventive care.
Preventive programs would include dental prophylaxis, topical fluoride
application, and educational instructions, including audiovisual aids, relative
to the prevention of dental disorders. Very little dental supervision would
be needed because Registered Dental Hygienists are licensed to provide such
services, For efficient operation and maximum utilization of the skills of
the hygienist, support duties could be delegated to dental assistants. The
cost of operating sich a preventive care facility of this type would be

minimal -- the benefits, maximal. A recent development of pit and fissure sealants
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should signific.tly increase preventive eare capabilities,  This procedure

could well be  included us a duty of an auxiliary,

Theve i3 agreement within the health professions that preventive
dentistry facilities ave nceded, but authovities differ on the questior of
locaie,  Integration of cach preventive care unit with a deantal treatment
facility would permit daily nrofessional communications and offer patients
a single facility for everything rvelated to dentistry, If such were the
situation, it would also be possible to include, as part of the preventive
activity, radiology cxaminations, diagnosis, aud treatment planning., Here
there would ve a facility that could be operated almost totally by auxiliary
personnel with a minimum number of dentists to supervise, diagnose and
plan.

From another standpoint preventive facilities lose more than they gain
in affiliating with diagnostic or treatment arcas. The reasoning is that
patients should visit the preventive facility and come to regard it as a
familiar place unconnected with treatment. To the patient, treatment
frequently means anxicty or pain, and these associations should be avoided
if possible, With negative assoejations removed, the patient will eome to
the preventive facilitics more frequently and will be motivated to take a
more active part in the program,

A third possibility involves the ecoordination of all health preventive
eare programs in one comprehensive faeility. Since all such programs are
closely related, the development of a total preventive hcalth eare program

would be entirely feasible,
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DIETARY

INTRODUCTION

Dictary service s a fundamental part of the Base fevel Health Care

System,

It not only fills the ordinary nutritional needs of hospital patients

and personnel but also assists in therapy by providing special diet meals

taitored to individual patients and by educating patients to cope with restricted

diets once they leave the hospital., The hospital food service system,

moreover, may also influence patient morale and the hospital's overall

public relations program.

The gencral objectives of the dietary system are to provide a high

quality meal at minimum cost and to effect efficient meal delivery. To

achieve these goals the following considerations should be taken into

account:

Is the meal nutritionally balanced, flavorful, and
asthetically pleasing?

Is the food free of harmful bacteria?

Is the regular patient offered a sufficient variety of foods?
Do dietitians regularly consult with patients on restricted
diets and with their physicians to devclop specialized
menus that offer tasty food in sufficient variety ?

When the patient receives his mcal, is it as palatable

as it was when first cooked, or has it lost flavor due to
freezing or prolonged warming ?

Do heated foods arrive at patient rooms at a sufficiently
high tempcrature, and do refrigerated foods arrive cold?
Can individual meals be efficiently prepared and served at
timecs other than regular meal times?

Are kitchen personnel and cquipment utilized for maximum

efficiency ?
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9. Is the food preparation workload distributed throughout

the day to ease peak or crisis periods?

10,

TECHNICAL APPROACH

Is the meal being produecd at lowest cost?

We initiated our state-of-the-art survey of hospital food service by

commissioning Thomas E. Terrillof the University of Pittsburgh to prepare

a brief description of eurrent hospital food service opcrations.

To supple-

ment this information we made an extensive review of current trade and

professional journals,

the enc of this seetion.

were

Pertinent articles are listed in the hibliography at

To directly observe innovative food service operations, on-site visits

made to the following locations:

Loeation
Greenville Hospital System
Greenville, South Carolina

Rahway Hospital
Rahway, New Jersey

Mercy Hospital
Buffalo, New York

Kaiser Hospitals

Redwood City, California
Oakland, California
Panorama City, California

Tulane University
New Orleans, Loujisiana

Heinz Manufaeturing Company
Pittsburgh, Pennsylvania
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Food Concept

Shared hospital eommissary;
convenienee foods

Total convenience food; all
disposable ware

Total eonvenience food; outside
food service management; auto-
mated distribution; and disposable
ware

Total eonvenienece foods

Computer assisted menu planning

Freeze dried food produets



AMSCO Svstems Company Abbreviated kitehen for
Frie, Pennsylyvania convenience foods

Requests Tor product and service information were made to the

following tirms:

Manufacturers Product or Scrvice

American Retailers of Ameriea IFood vending and management
Philadelphia, Pennsyivania

Champion Dishwashing Machine Szullery cquipment
Compiny

Division of AMSCO

Wwinston-Sialem, North Carolina

Hespital Dicteties, Inc, Dictary management
Division of Interstate United Corp.
Chicago, MHlinois

Hospital Dictary Service, Inc. Food managemer!( services
Chicago, [llinois

Market Forge Food processing equipment
Everetts, Massachusetts

Marriott Corporation Food management and
Wwashington, D, C. catering scrvice
Hobart Manufacturing Company Food processing cquipment

Troy, Ohio

institute Magazine Studies in food secrvice
Chicago, Illinois operating characteristics
Continental Metal Preducts Microwave ovens

Waburn, Massachusetts
Westinghouse Major Appllance Microwave ovens

Division
Mansfield, Ohio
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Better Buiit Company Rack Washers
Saddie Brook, New Jersey

United Service Equipment Company Wreeled equipment
Marfreesboro, Tennessee
Campbell Soup Company Food products

Camden, North Carolina

Disposable Assoeiation Disposable dinnerware and
New York, New York flatware
Lily Tulip Disposable dinnerware and
Toledo, Ohio flatware

STATE OF THE ART

A hospital dietary department by its very nature has an unprediet-
able number of patients and visitors to serve and a fluctuating number
of restrieted diet meals to prepare each day. Thc introduction of the
selective menu which accommodates patient preferences makes it even
more difficult to foreeast food demands. Such a forecast is necessary
because food preparation requires a signifieant amount of time and both
over- and under-production are costly misealculations. Increasing wage
rates and decreasing availability of skilled dietary workers presents yet
another problem. Consequently, hospitals are being forced to examine
both the logic of using convenience foods that can be heated quickly when
exact demands are determined and the possibility of passing the onus of
labor on to a food manufacturer. The general trend in dietary is, then,
to reduce hospital time spent in food processing by one or more of the
following alternatives:

1. Purchase bulk food pre-prepared in some mcasure.
2, Cook food in double or triple quantities and freezc

for future use.
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3. Use pre-prepared, pre-cooked food purchased from an
outside supplier or from a hosp’tal-sponsored
commissary kitchen,

4. Hire a eaterer to provide total food services.

5., Use speed cooking equipment. such as convection and
microwave ovens,

6. Use disposuble ware to climinate part or all of the ware
washing and sanitizing processes.

7. In a systems approach usc computers to control all

aspects of food production,

No single food service altcrnative or combination of alternatives is
optimal for all hospitals. The selection of one ¢cr more of thc above
dietary mecasures depends on the location and size of the hospital, the
availability and cost of labor and land, the location and number of
surrounding health care facilities, the availability of qualified convenience

food suppliers or caterers, and the state of existing kitchen facilities.

1. Purchase of Pre-prepared Raw Food

The purchase of pre-prcpared raw food represents only a small
step towards a convenience food system. These foods are generally
purchascd by hospitals devoted to conventional cooking but which are
willing to pay a food cost premium to save hospital personnel time and
food preparation kitchcn space. Of coursc, pre-prepared raw foods have
been used for many ycars, e.g., canned or frozen raw vegetables, but
thcir usc is being expanded to include such things as peeled potatoes,

pared apples, and oven-ready meats and poultry.

2. Cooking Largc Quantities and Freezing for Future Use

Cooking entrees in double or triple quantities is another means of
conscrving hospital personnel time. One portion is served directly to the
patients, and the other portions are preserved for future use. Food

costs are reduced because some bulk purchasing is possible, and labor

3-184




savings result from an climination of repetitious preparation tasks,

3. Convenience Foods from an Outside Supplier or

Commissary Kitchen

The trend toward bulk food production with its resultant labor
and food cost savings is maximized in a total convenience food system.
Such a system is scldom found in its pure form == where every food item,
cven salads and special dietary foods, arc purchased in a ready-to-serve
state, At the present, most of the hospitals using this plan have adopted
some variations of the system, for example, using pre-prepared cntrces
only or using convenience food only for regular diets and providing a small
kitchen for special diet meal preparation. There are, however, several
Kaiser Foundation hospitals in California that have totally adopted the
system from their inception and were built without any major kitchen
facilities,

In a total convenience food system, food may be processed by an
outside supplier or by a hospital-sponsored commissary kitchen (a food
processing center funded by several participating hospitals). In either
case, convenience food preparation generally takes the following form:
food items are prepared; they are either conventionally cooked and then
packaged, or packaged and then cooked in a water bath; the items are
quickly cooled and then refrigerated or blast frozen, The food is
delivered to part'iclpating hospitals In refrigerated trucks or packed In
crushed ice in unrefrigerated trucks. The food is then heated in
electronic ovens or water baths either in the central kitchen or in de-
centralized nursing unit kitchens, The hospitals thus serviced are no
longer in the restaurant business, and hospital dietary functions are
reduced to food heating and nutritionil control of patients' food.

The convenience food system offers savings in labor, food costs
(due to bulk purchasing), and kitchen space and cquipment. Over- or

under-production is eliminated, for only required food is heated, and
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there is little food waste,  Flexibility is ensured, for a large increase in
the nummber of patients can be easily handled; moreover, single meals can
be served with little difficulty at times other than regular meal times,

if an outside proprictary supplier is used, food costs, of course,
will be higher and food quality control is more difficult. A commissary
kitchen, on the other hand, is a non-profit business and can offer satellite
hospitals lower food costs and more direct quality control.

If the hospital commissary kitchen concept is adopted, two alterna-
tives are feasible,  The kitchen of one hospiial ean be expanded to
accommodate the additional cquipment and personnel necessary for bulk
food production, or separate kitchen facilities can be built that will be
casily accessible to all participating hospitals, A separate commissary
kitchen is less expensive to build than a conventional hospital kitchen;
however, if any readily adaptable facilities exist, a kitchen conversion
could be a less-cost alternative. The feasibility of a remotely located
commissary kitchen also depends on such variables as the location of the
satellite hospitals, the availability of land, and the location of raw food

suppliers.

4., _Catering
Using a catering service Is another possible solution to the shortage

of skilled food service personnel. Because a caterer services multiple

contracts, he can experience a savings in the various food preparation

activities which may be passed on to the hospital, and improved management

may also trim costs. Moreover, being relieved of at least regular meal

supervision, the dietitian can devote more time to planning restricted diets
(diabetic, low-calorie, low chloresterol) and hospital bookkeeping becomes
simplified.

5. High-speed Cooking Equipment

Concomitant with the development of convenience foods is the use of

quick heating methods, viz., microwave, infrared, and convection ovens.
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Although infrared and convection ovens arc gencrally locaied in the
central kitchen, mierowave ovens arc often situated at each nursing station

in order to make hot rceonstituted food immediately available to the patient.

6. Disposable ware

As convenienee foods reduce hospital partieipation in food nrepara-
tion, disposable ware (dishes and utensils) is beginning to reduec the
amount of neeessary dish washing and sanitizing, Disposable utensils,
plates, bowls, cups, and trays are available in a varicty of eolors and
in such materials as paper, plastie, and styrofoam. Their primarv
benefit, of eourse, is long-range savings resulting from eonservaticn of
labor and reduction of maintenanee, eleetricity, detergent, dish ware
replacement, and equipment costs. Not to be forgotten, though, is the
health benefit. Disposablcs are not only sanitized and packaged to
prevent contamination but, since they are used only once, there is no
possibility of cross infection from one patient to the next. Presently,
few hospitals have totally converted to dietary disposables. Rather,
many use a combination of disposables and reusables, for example, dis-
posable dishes but reusable trays and flatware.

Disposables should be evaluated according to whether they improve
the cuality of health care, as well as cut operating eosts. The results
of such a study will, of course, vary in each hospital, depending on
local rates, hospital size, operating methods, and overhead.

Other factors to consider in judging the bencfits of disposablcs
are:

1. Does the disposable satisfy the function of the recusable
item it would replaee?

2., If any increased costs result, can they be offset by such
bencfits as sterility, increased infection control, and
convenience?

3. What !s the present cost of {vod service ware proecessing,
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including employec salaries, ware collectlng, washing,
sanitizing, stacking, equipment, electriclty, and
detergent?

4, Arec disposables accuptable to the workers, patients,

or personnel who will use them?

7. _Computerization
A flnal trend is a systems approach to the dietary department, using

the computer for Inventory control, ordering and purchasing, cost
accounting, forecasting production demand, menu planning, nutrient control,
and ingredient assembly. Although computerization in most of the above
arcas Is still in the experimental stage, electronic data processing equip-
ment is currently being used to adjust recipe ingredient amounts to yield
very speclfic quantities, thus ellminating human calculating errors and
ensuring uniform reclpe results regardless of quantity.

ADVANCED TECHNOLOGY

Food service improvement alternatives that are currently under
investigation but which will be avallable for impiementation only after
1972 are discussed below,

1. Advances in food preparation will take the following direction:
« Bulk cooking using microwave principle

. Dehydrated pre-cooked soups and entrees which will b~
reconstituted at bedside or nursing unit
. Dual purpose freezer-ovens for each ward
. A multipurpose food ecoking and heating device to
cfficiently prepare all frozen foods,
2. Computer programs will be developed to contrnl all aspects of
food service from the meal request to food consumption,

including nutritional calculation aceording to patient condition and
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3.

4.

discase; calculation of menus and recipes; Inventory and requi-
sition of food products; and preparation and delivery to the
patient.

Dietary systems should reduce or eliminate staff Involvement in
food dlstribution, for example, by Improving methods of recon-
stituting meals at nursing stations. Automatically controlled
conveyors could move food from a ccntral locatlon, reconstitute
enroute, and assemble patient trays at decentralized locations
thyoughout the hospital. The actlon could be initiated by the
patient with programmed over-ride to take care of special diet
problems,

Nutritional values and food portions must be standardized, and
results should be made available to vendors of convealence foods,
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EDUCATION AND TRAINING

IN."RODUCTION

Education and training are essential functions of thc military Base
Level Ilealth Care System. As in civilian teaching hospitals, improving
the knowiedge, skills, and ;judgmental capabilitics of health carc personnel
is a primary responsibilitv. Educational activitics designed to achicve such
incrcased compctency bencfit the individual instructed, the hospital he
serves, and the paticnt to whose care he contributes, and may also hcip
to alleviate the critical manpower situation in the field of hcalth care
delivery,
The BLHC Systcm provides two basic types of training for profcssional,
technical, and support personnel. In-service programs includc:
® Orientation of new personnel
® On-~the-job training
@ Continuing education for physicians, nurses, corpsmen,
and support personnel.
Programs constructed along more formal lines include:
® Internship and residency programs for physicians, dcntists,
and administrators
o General military training for officers and enlisted personnel
e Classroom instruction and correspondencc courscs for
high school credit
e TFormal training programs for support personncl such as
surgical technicians, radiology technicians, and clinical
laboratory technicians.
Anothcr type of base level training is conducted for the immediate
benefit of patients and their families. In view of thc growing emphasis on

preventive health care, patient- and community-oricnted programs are likely
to become increasingly important components of hospital=based instruction,
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Education and training in the BLHC System have several unique character-
istics. Lxpense, for instance, is a major factor since the high turnover rate of
military personnel makes the cost of orientation, on-the-job training, and
continuing education extremely high. Teaching time is also very important.

In a hospital, time spent in teachng skills to others could more profitably be
spent in administering patient care, A third factor is that the intelligence and
comprehension levels of the various hospital personnel are variable in the
extreme,

The technique of individualized instruction is one means of satisfying
the unique educational demands of the military BLHC System. This method,
which emphasizes the individual learner and his specific needs, can be
economically feasible and can relieve instructors of many routine teaching and
recordkeeping chores via communication media.

There are three basic aspects to the individualization of instruction.
The first is the strategy of allowing each learner to enter the instructional
system and begin his learning at a point commensurate with his background
and previous knowledge, i.e., variable entry based upon entry level
capabilities. Second is the strategy of self-pacing which allows each learner
to proceed through specified learning experiences at his own best pace. Third,
each learner is matched with those methods and materials which best suit his
own particular characteristics and needs, subject, that is, to the limitations
of time and resource availability.

When students are allowed to proceed at their own pace through a care-
fully organized sequence of learning experiences, the time taken to achieve the
learning objectives will vary by a factor of three or four. Since group-oriented
instruction is normalily geared to the pace of the slower learner, there is much
to be gained by providing study alternatives which encourage faster learners to
proceed at an accelerated pace. If half the trainees in a given program can
complete the prescribed course of instruction in one half the normal time, very

significant savings in terms of resources devoted to training can be realized.
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This is not to suggest that all instruction can or should be individualized, but
rather that any training system should provide maximum flexibility within
which individual learners can avail themselves of materials that meet their
needs.

In the following discussion of education and training we have not
included well known and commonly available audio-visual aids. Moreover, we
do not discuss the informational content of various educational programs,
since a wide variety of software dcveloped specifically for use in education and
training programs for health care personnel are available on the commercial
market. A list of training filins and filmstrips is included in Appendix A.

Each of the three services has an unrivaled capacity to produce
appropriate learning materials for all types and levels of health carc personnel.
Our primary concern is to identify the most appropriate means of cxtending this
capability and making existing resources more accessible to personnel at

Base Level Health Care facilities.

TECHNICAL APPROACH

In surveying the state of the art of the hospital elucation and training
functions, we first conducted a literature search including periodicals such

as Hospitals, J.A.H.A., the Journal of Medical Education, Training in

Business and Industry, and the Journal of Dental Education. Also helpful

was a 1968 Westinghouse survey of 25 civilian hospitals on the East coast

and a subsequent study at Children's Hospital in Pittsburgh, which investigated
methods of instruction for nursing and ancillary support personnel and surveved
the instructional materials developed for closed cireuit television. A study
conducted by the Westinghouse Le: raing Corpe cation for the Air Force in which
more than 20 varieties of instructional media were aralyzed provided additional

daia, A selected bibliography is included at the end of this section,
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On-site visits to the following hospitals constituted a first-hand review

of present methods of education and training:

1.

o
.

Navy Hospital and Training School, San Diego, California
March Composite Medical Facility, March Air Force Base,
California

Oakland Navy Hospital, California

School of Acrospace Medicine, Brooks Air Force Base, Texas
Air Torce Medical Service Training School, Sheppard Air
Force Base, Texas

Army Medical Field Service School, Fort Sam Houston, Texas.

The following conferences were attended in order to keep abreast of the

latest developments in hospital education and training:

1.

6.

Second National Conference on Coronary Care Units,
American College of Cardiology, June 18-20, 1969, Denver,
Colorado

Westinghouse Multidisciplinary Continuing Education
Conference,June 4, 1969, Pittsburgh, Pennsylvania

National Regional Medical Conference, Workshop on
Instructional Media, May 19-23, 1969, Denver, Colorado

The 11th Anaual Meeting of the Council on Medical Television,
April 24-26, 1969, Kansas City, Missouri

The 12th Annual Meeting of the Council on Medical Television,
April 27-29, 1970, Philadelphia, Pennsylvania

Department of Audio Visual Instruction Conference, April 29-
30, 1970, Detroit, Michigan,

In addition to the above information sources, we drew on the extensive

experience of the Westinghouse Health Systems Department which is currently

involved in an independent state-of-the-art survey of medical and paramedical

education and training. The expertise of the Westinghouse Learning Corporation

in the area of educational technology also provided valuable assistance.
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STATE OF THE ART

The general trends in education and training revolve around the concept
of individualized instruction. This concept has been approached in a variety
of ways, but all of them utilize communications media.

Several instructional media systems presently available have significant
potential for quality improvement of education. No less important is their
time-sharing capability which frees critical human resources for the delivery
of patient care and support services. These systems have been evaluated for
flexibility, accessibility, reliability, ease of operation and maintenance, and
adapability to the variety of types and levels of instruction that must be provided.
In the context, then, of the BLHC System, th2 trends in training media are:

o To program instruction
® To televise instruction materials
e To store and retrieve information using dial access systems

e To computerize educational programs.

Programmed nstruction

Programmed instniction is normally iinplemented via a text-workbook
or an automated teaching machine. The subject matter is presented in small
units called frames, typically consisting of a few sentences or a short paragraph.
Frames usually present factual information and then elicit a response from the
learner to determine if he can proceed. In effect, the learner is tested at
frequent intervals. This reinforces key points and makes him an active
participant in the learning process rather than merely a passive recipient
of information,

Whether the instruction is structured in the form of a text using a
sliding mask, presented by an electrically operated machine, or checked and
fed back to the learner by a computer, the basic system remains the sanie:
the sequential use of carefully controlled stimuli to elicit predetermined
responses.,
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Programmed instruction can be further distinguished as linear or
branching according to the programming sequence utilized. In a linear
program the instructional material is arranged in a single ordered sequence.
Every student proceeds in a straight line from beginning to end through the
same sequence of instruction. Test stimuli are presented at regular
intervals, of course, to insure that the information being presented is
indeed being learned.

In a branching program multiple paths are arranged through the
material, Infornation is presented, questions are asked, and ihe learner
responds as in a multiple choice test. Wrong answers lead to additional
sources of information or to remedial instruction designed to re-teach
the basis for the correct response.

Analytical and experimental research studies indicate that procedural
skills can be learned effectively from programmed teaching machines fitted
with audio-virual aids. Instruction along these same lines i8 common in
medical, dental, and nursing education, as well as in training courses for
technical and support personnel. The Armed Forces have been leaders in
the development of this method, and they are presently using a variety of
suchi materials in training programs at their medical field service schools.
Considerable experience and substantial expertise in instruction programming
thus already exists. Selective extension of this capability to BLHC facilities
is a logical next step. Barring the use of elaborate electronically-controlled
programs, few special facilities are needed. Work productivity need not be
decreased since learners can usually study programs independently and on
their own time.

Unfortunately, the costs for materials development and validation for
programmed instruction are relatively high, since extensive research is
required. The specific response pattern desired must be identified, and
the validity and reliability of the program must be cstablished for a wide

variety of learners.
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Learner Centered Audio-Visual Devices

Conventional audio-visual devices are currrently being used to
supplement BLHC educational programs. These include 35 mm motion
picture films, single concept sound filmstrips, sound on slide presentations,
and even audio recordings. Most of these devices contain both audio or
visual stimuli; the audio portion commonly substitutes for the teacher's
commentacy on the material presented. Recent technclogical advances in
miniaturization of integrated aural-vi-val components, coupled with simplification
of the operation process, have resulted in the increased utilization of this
method by learners with little direct assistance from an instructor.

A rear screcn projector permits viewing in a lighted room. Com-
bined with an audio headset, it produces an effective device for use in
problem locations wherc disturbance to or from adjacent activities is
undesirable, The software can be circulated and stored as easily us a
textbook and much of the hardware is portable.

In regard to the audio-visual media as a whole, however, the picture
is somewhat different. The number of types and levels of instruction demanded
by a facility as complex as a BLHC System, require.  consideration of potential
drawbacks. One such, the proliferation of incompatible software formats,
would be disastrous. Similarly, the storage, retrieval, and scheduling of

both learning materials and equipment could become serious problems,

Instructional Television

Television combines more methods of presenting information
than any other single communications media. Operating at full potential --
with sound, print, picture, motion, and the immediacy of live transmission --
a television system can be used for any telecommunication purpose. On
the other hand, it adapts readily to the partial mode -- audio only, still
pictures only, or simple transmission to distribute and display data.
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Instructional television, like all television, is the electronic transmission

of images, usually accompanied by synchronous sound, from a single point
of origin to a receiver. Multiple TV receivers can accommodate large
audiences and thereby cut instructor man hours by a significant factor.

The medium also permits large numbers of students to share learning

resources of the highest quality. Expensive and delicate laboratory equipment

and complex demonstrations in specialized environments suddenly hecome
community rroperty. By offering the best, TV succeeds in standard’“ing
the content and quality of instruction at that level. If presentations are
recorded on videotape, duplicated using Electronic Video Recording (EVR),
or otherwise reproduced, they can be used again and again for as many
audiences as necessary.

Broadcast and cable television without tw-.-wiy communication is
essentially a presentational rather than an interactive instructional medium,
It has no "real time" direct learner feedback; it is incapable of immediate
learner response evaluation.

For maximum effectiveness, television systems require a sizable
support subsystem: technically trained personnel; film projection,
videotape recording,and projection equipment to relay live, taped, and
filmed presentations; cameras; recepiion units. The extra cost of such

personnel, equipment, and facilities can be considerable.

Dial Access Information Retrieval Systems

Dial access information retrieval systems effectively resolve the
biggest problem of the media, =-- the storage and distribution of software
such as audio recordings, video recordings, filmstrips, slide presentations,
motion picture sequences. In such a data retrieval system a wide range of
taped, filmed instructional materia!" is permanently stored at the end of a
telepho~e line. The remoteness ot the location is of little significance.

By dialing an assigned telephone number for the program desired these
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materials become immediately accessible. Such systems combine economy,
simplicity, and the capacity to accommodate not only instructional materials,

hut medical and administrative data as well,

Computer Assisted Instruction

The emergence of computer technology and sophisticated data storage,
reduction, and manipulation suggest exciting possibilities for thc management
and control of large hospital-based instructional systems, The years im-
mediately ahead may see the development and utilization of totally automated
education,

Computer Assisted Instruction (CAI) has been defined as direct two-~
way interaction between a student and a computerized instructional program.
This computerized material can be presented in teaching sequences carefully
organized to maximize the chances for efficicnt learning. Mathods of
responding to the preseried material are available, and the computer monitors
responses and programs accordingly. As a result the student kecomes an
active participant in the learning process and is constantly aware of how
well he is doing.

Programs and modes of operation differ. A diagncstic mode, for
instance, is effective for testing performance. A drill and practice mode
teaches facts and procedural steps; a tutorial mode, concepts and princinles;
a simulation mode, problem-solving, reasoning, and decision-making skills.

Although research studies have found CAI to be more effective than
conventional instruction with the expenditure of less instruction time, the
cost of operational CAI is prohibitive at present. It will continue to be so
until further development of practical operational aspects and appropriate

instructional materials results in an economical and utilitarian breakthrough.
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MAINTENANCE AND HOUSEKEEPING

INTRODUCTION

The maintenance function Is upkeep and repair of the BLHC Systems'
equipment and buildings. When properly managed and controlled, an
effective maintenance program will en~ble medical and paramedical
personnel to rely on their diagnostic and treatment equipment and adminis-
trators to rely on their cost data and on hospital mechanical services and
utilities. Housekeeping, on the other hand, must provide an aesthetically
pleasing, bacteria-controlled environment to prevent the transferral of
infectious organisms and to generate a positive psychological impact on

patients and the general public.
In preparing this maintenance and housekeeping state-of-the-art report,

the following factors were considered:
1, Because labor is the biggest cost item, how can labor needs be

decrecased and effectiveness increased?

2, Should maintenance and/or housekeeping be done by hospital-
employed personnel or should an outside contracting service be
used? If hospital employees are used, how should they be
administratively organized?

3, Should hospital-owned equipment be used for maintenance and/or’
housekeeping or shoulc an outside contractor supply his own

equipment ?
Maintenance can be classified as one of three types on the basis

of who Invests In tools and other equipment:

a, Capital, when outside contractor uses his own tools.
b. Management, when outside contractor uses hospital-owned
tools.
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c. Self-contained, when trained hospital personnel use

hospital-owned equipment,

4, How can the sources or causes of maintenance and housekeeping

problems be best identified?

. How can inventory cos*s be reduced?

(9]

6. How can equipment life and failure rate be accurately predicted
and how can this information be used to evaluate purchasing
decisions? How do equipment failure risks relate to health care

delivery, and how can cost/risk relationships be established?

7. What housekeeping processes and procedures can be automated

to reduce the labor force required?

8. How can maintenance and housekeeping record-keeping be reduced,
but still be more effective?

The following state-of-the-art section discusses the general trends in
maintenance and housekeeping and then treats in-house versus outside
contractor methods as they apply to both housekeepiug and buildings and

equipment maintenance,

TECHNICAL APPROACH

To determine the state-of-the-art of hospital maintenance and house-
keeping, the Westinghouse study team first reviewed pertinent literature
ranging from the American Hospital Association's Housekeeping Manual for

Health Care Facilities and Manual of Hospital Maintenance to periodicals

such as the Journal of the American Medical Association and Applied

Microbiology to reprints on dust-free rooms using the laminar flow
princlple. A selected bibliography is included at the end of this section,
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An initial report on hospital maintenance and housekeeping was

prepared by Thomas E. Terrill of the Graduate School of Public Health,

University of Pittsburgh.

To reinforce or perhaps supplement this study,

we contacted the following equipment manufacturers:

Lamson Corporation, Syracuse, New York

Wilt-Gateway Maintenance Supply Company, Pittsburgh,

Pennsylvania

WASMON, Subsidiary of Robbins and Myers, Inc., Hatboro,

Peunsylvania

Von Schrader Manufacturing Company, Racine, Wisconsin

Powers Regulator Company, Colorado

Harry A. Stroh Associates, Princeton, New Jersey

Bigelow=-Sanford Corporation, New York, New York

Advance Floor Machine Company, Spring Park, Minnesota

ARA Environmental Services, Philadelphia, Pennsylvania

To generate data for the discussion of in-house versus contract

maintenance and housekeepin3, we made on-site visits to the following

hospitals:

Waison Army Hospital
Fort Djx, New Jersey

Malcolm Grow Hospital
Andrews Alr Force Bese
Maryland

Beaufort Naval Hospital
Beaufort, South Carolina

Jacksonville Naval Hospital
Jacksonville, Florida
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STATE

OF THE ART

Buildings and Equipment Ma’atenance

Hospital maintenance costs, mostly labor, have recently been estimated

at $550.00 to $950.00 per year per bed -- approximately six percent of

total hospital operating cost. Moreover, the following important factors are

raising maintenance costs far more rapidly than the general cost of living:

1.

2.

Spiraling labor costs, especially for skilled personnel.

More complicated and expensive clinical and communications
equipment demanding highly skilled maintenance personnel,
Maintenance costs for this complex equipment are 13 to 15
percent of initlal costs per year, twice that for conventional

equipment.,

Demand for better health care requiring additional, more

varied, complex, and flexible equipment.

High capital interest charges making it more expensive to

maintain inventories of repair tools and spare parts.

To reduce maintenance costs and provide better service, the general

trends are to implement a computerized maintenance information network,

to use preventive maintenance methods, and to consider the effects of

hospital planning and construction on maintenance costs.

Computerized Maintenance Information Networks

Computerized maintenance information networks minimize "crisis"

management and place maintenance procedures on reasonably established

schedules, significantly reducing costs. Information networks will:

1,

Increase labor effectiveness through careful planning of tasks

and the labor necessary to complete them.
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2. Increase utilization of expensive repair tools through complete

task scheduling.

3. Identify the causes of maintenance problems and delays, what

equipment is causing more problems than anticipated, and why.

4, Keep an accurate history of repair costs and procedures for

each piece of equipment so that preventive maintenance procedures

and spare parts inventories can be adjusted aecordingly,

5. Help make repair-or-replace dccisions based on realistic equip-

ment life expectancies and failurc rates,

6. Evaluate the effectiveness of purchasing proccdurcs by pointing
out equipment which has not performed according to manufac-

turers' specifications.

Preventive Maintenance

Upkeep of most hospital buildings and equipment can be worked into
a preventive maintenance network. For example, changing light bulbs on
a schedule based on expected bulb life has been proven less expensive
‘ than changing bulbs only when defective. In addition, scheduled main-

tenance checks of electrical, heating, ventilation, and air conditioning

J equipment should be made to keep the equipment functioning optimally
and prevent untimely fallures,

Preventive maintenance which may be assisted by computer planning,
Is really the most important function of any maintenance department. To
facilitate this type of upkeep, attempts should be made to standardize all
equipment and,wheneer new equipment Is received,personnel should

schedule regular maintenance checks.
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Hospital Planning and Construction

Building design, construction, and materials selection can greatly
affect the extent and complexity of building maintenance. Design concepts
such as interstitial space can reduce maintenance costs, sometimes at a
slight and justifiable increase in capital cost. Design errors, such as
undersized foundations and structurc, or inadequate HVAC cquipment, can
also result in expensive building maintenance and repair problems,

Construction mcthods can affect future building maintenance,
especially Iy design criteria are not followed closely, Minor construction
procedures such as earth compaction, structural steel bolting, and concrete
quality comtrol must be carcfully supervised.

Materials selection must be made on a cost/benefit basis with care-
ful analysis of investment and maintenance costs spread over the life
cycle of the material. A good example of a material selection problem Is
building skin, While brick has been the traditional facade for military
hospitals, It requires periodic pointing and has a lower insulating value
than some newer wall material, such as Insulated metal panels, Therefore,
when choosirg a skin material, we must consider initial and maintenance
costs, mesthetics, speed of erection, availability, climate, and the effect of
the skin material on other building services such as HVAC.

Design, construction, and materials selection are discussed under
construction in this report.

Housckecping

Although housekeeping is only three to five percent of the hospital's
total budget, It is an essential part of the BLHC System and is now
recognized as a sclentific and professional service. Housekeeping's res-
ponsibilities include upkeep of arcas used by the general public, as well as
professional and patient rooms (preparing vacant room for new patient.)
Some general trends in housekeeping are discussed below.
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1. Because ninety to nincty-five percent of the housckeeping budget
is generally devoted to personnel salaries, the trend is to utilize new
methods, supplies, or equipment to provide long-term labor savings.
"Team" cleaning and multiple-purpose machines are being introduced.
For example, automatic floor maintenance machines which dispense a
detergent germicide solution, scrub, vacuum up the solution, and damp-
dry the floor in onec operation arc available, as well as a one-step
technique in which a germicidal/detergent solution is sprayed on the floor
which is then buffed with a 15 to 20 inch pad. A plethora of new
cleansers have been developed but their selection is generally dictated by

the preferences of the individual executive housekeeper.

2. The use of carpeting in hospitals is becoming more prevalent
since fire-resistant, vermin-proof, and easy-to-clean fibers have been
developed., Carpets are being installed in cerridors, offices, lobbies, and
patient rooms to minimize noise; reduce heating and air conditioning cosis as
a result of their insulating properties: cushion accidental falls, thus
reducing the possibility of injuries and resulting lawsuits; and lessen or
eliminate china breakage. A major advantsge of carpeting is, of course,
its aesthetically pleasing appearance. Problems, however, are encountered
when moving beds and other portable equipment which do not have large
enough wheels,

With regard to the financial feasibility of carpeting, though, the
Wharton study, "A Summary: The Economics of Carpeting and Resilient
Flooring' (1966), came to the conclusion that "resilient flooring is at all
times more economical than carpet. The group found no casc based on
pure economic considerations where the total cost for carpet was less
than the total cost for resilient flooring." The annual carpet cost, based
on [nitial cost and service life, was between twenty-three percent and
one hundred seventy perceat more than the annual vinyl-asbestos cost. Cost,

of course, is not the only clement to consider in choosing a flooring
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material. Aecsthetics and public relations also have significant importance.
3. Hospital housckeeping, if defined as maintaining a bacteria-free

environment for patients and staff, includes providing sterile surroundings
in such areas as operating and emergency rooms, The trend is to reduce
alr bome bacteria by various means, including laminar flow systems using
high efficiency paiticular air (HEPA) fiiters. This does not preclude,
however, the necessity for traditional cleaning of surfaces with a bacteri-
cide or disinfectant,

In-house _versus Outside Contractor Maintenance and Housekeeping

When considering in-house and outside contractor services, cost,
service and control must be evaluated as they relate to hospical size and
location,

1. Cost

large hospitals, regardless of location, can often justify in-house
maintenance and housckeeping staffs; a large or small rural hospital may
be forced to have extensive in-house staffs, but the small rural hospital's

maintenance costs/unit will be significantly higher. If an outside contractor

is used, costs may be cut considerably through sharing of overhead and
through storage of materials, tools, equipment, and records outside of the
BLHC System.

A shared outside contractor maintenance service can often reduce

costs, especially for smaller hospitals, through better utilization of
tools and parts inventories. One example of shared maintenance might
be a regional equipment maintenance division serving all three branches
of the service, with specialized maintenance personnel flown when re-
quired. Such a rivision could be the responsibility of private contractors
or military serv.ce units. In the latter case, extended tours of duty

In the unit or career personnel would be absolute necessities.
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2. Service

A properiy trained in-house maintenance force always supplics faster
service because it Is localiy available., Whether the increased speed is
cost-justified or not depends on hospital size and location and availability
of labor and outside contractors.

An outside contractor,on t'ic other hand, can buy in quantity, provide
specialized skilis, and usc expensive labor-saving equipment that a single,
small haspital may be unable to purchase. The contractor service, moreover,
Is devoted solely to maintenanec and is therefore more knowiedgeable of
new techiologieal developments. Often an outside or shared maintenance
scrvice can attract a trained personnel pool which can be efficiently
spread over several hospitals, increasing service effectiveness and reducing
costs with only a slight deerease in speed and increase in cquipment down-
time,

3. Control

An In-house maintenance force is more easily controlled than an
outside contractor. Moreover, In-hospital scrvices foster employce
loyalty, interdepartmental cooperation, scheduling flexibility, and reduced
security risks. Hospital location, availability of rcliable outside
contracting scrvices, and the extent of control nceded and desirable must
be considered during the hospital planning stages.

Building and building scrvices maintcnance can be done by in-housc
personncl, outsidc contractors, or a combination of both., Most BLHC
Systems will usc a combination of methods: the routine work, such as
changing light bulbs, plastering, painting and minor mechanical rcpairs
to HVAC equipment will be donc in-housc; larger jobs, such as repairing

a cracked floor or replacing a boiler will be done by outside contractors.



Outside contracting of large maintenance tasks is being used more often

because:
1.

Often only the manufacturer and dealer is staffed and equipped

to offer maintenance services for the new and complex clinical
and communications equipment increasingly being used, Smaller
hospitals, especially, cannot attract specialized and skilled main-
tenance personnel; they also cannot absorb the costs of a total
in-house maintenance staff, or the training costs and programs
necessary to repair complex equipment, Outside contracting
services, however, can efficiently use trained personnel by
sharing them with several hospitals and thereby offer more
interesting, higher-paying jobs.

The high cost of repair or calibration equipment needed for more
complex instruments requires maximum utilization of that equip-
ment. This can best be achieved by a central maintenance

service distributing the investment cost among scveral hospitals,

Hospital space is in short supply and should be devoted to health

care, not maintenance. Also, hospital space is expensive relative

to space needed for maintenance operations, often making it
uneconomical to house maintenance in the hospital.
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MATERIEL HANDLING

INTRODUCTION

Reliable, efficient, and economiecal management of materiel and
supplies is essential to the mission of the Base Level Health Care (BLHC) 2
System. The hospital distribution function, defined as the organized
movement of bulk materiel and supplies, is handled by specifically assigned
personnel and/or regular hospital employees. Distribution, moreover, may
be on a regularly scheduled or random basis. The variety and extent of
the task is indicated by following tabulation:

+  Food and food supplies. -

*  Pharmaceuticals.
*  Medical instruments, sterile packs, and trays.

* Therapeutic and life support equipment, incubators, and
wheelchairs,

*  Nursing supplies, I.V. solutions, and specimen samples,
« Housekeeping supplies and equipment,

« Office supplies and furniture.

Records and general correspondence.

* Laundry, clean and soiled.

* Trash and waste products.

To generate increased profits, industry long ago incorporated
automated materie! handling to reduce labor cost, improve reliability, and
speed materiel flow. Private and military hospitals, however, have had
an abundance of low cost labor and have been reluctant to employ automated
distrlbution concepts.

Recently, though, the labor situation has changed — unskilled labor
has become scarcer, mostly because of retraining, and has become more

expenslve. As a result, an increasing number of hospitals, both Government
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and private, have begun to investigate and invest in automated materiel
distribution installations,

The Westinghouse state-of-the-art survey focuscs on medical
facilitics and manufacturcrs using eleetronically controlled mechanical
deviees for materiel movement. Specifically we diseuss automated earts,

conveyors, dumbwaiters, and pneumatic tubes, linen chutes, and trash

chutes.

TECHNICAL APPROACH

In our survey of the state of the art in materiel handling, we
concentrated on systems currently employed in the health care cnvironment
and on those that move materiel on an interdepartmental basis. The major
effort was directed at automated bulk handling systems manufactured. by
four companies: AMSCO Systems, Columbus-McKinnon Corporation, Sybron
Corporation, and Mosler Safe Company.

To inaugurate our study we first conducted a library search for
recent periodical articles describing the hospital distribution function.(A
bibliography is included at the end of this section.) We then solicited systems
characteristics and cost/performance data from the following manufacturers:

Aerojet=General Corporation, Elmonte, California

American Chain and Cable Company, Bridgeport, Connecticut
Louden Machinery Company, Fairfield, Iowa
Olsen Division, Franklin Park, Illinois

American Sterilizer Company, AMSCO Systems Company, Erie,
Pennsylvania

Barrett/Barrett-Cravens Company, Barret Electronic Corporation,
Worthbrook, Illinois

Brewer Manufacturing Company, Upper Darby, Pennsylvania

Columbus-McKinnon Corporation, Conveyor Division, New York,
New York

Diebold, Inc., Canton, Ohio
Lamson Division, Syracuse, New York

3~233



Eastern Cyelone Industries, Inc., Clifton, New Jersey

Eaton, Yale, and Town, Inc., American Monorail Division,
Cleveland, Ohio

Ecology Industries, Ine., South Plainfield, New Jersey

Footlik and Associates, Skokic, Illinois

The Hobart Manufacturing Company, Troy, Ohio

Jervis B, Webb Company, Detroit, Michigan

Market Forge, Everett, Massachusctts

Mosler Safe Company, Hamilton, Ohio

Powcrs Regulating Company, Skokie, Illinois

Standard Conveyor Company, North St. Paul, Minnesota

United Service Equipment Company, Morefeesboro, Tennessee

White Manufacturing Company, Kensington, New Jerscy
To complcte our survey of available systems, we discussed materiel
handling with the following manufacturer representatives at the Westinghouse
Research and Development Center:

Acme Visible Records, Inc., Crozet, Virginia

Aerojet-General Corporation, Washington, D. C.

AMSCO Systems Company, Division of American Sterilizer
Company, Erie, Pennsylvania

Columbus~McKinnon Corporation, Jericho, New York
Diebold Incorporated, Canton, Ohio

Mosler Safe Company, Airmatic Systems Division, Wayne,
New Jersey

Powers Regulator Company, Grover Pneumatic Tube Division,
Denver, Colorado

Sybron Corporation, Castle Automated Systems Company,
Rochester, New York

To sce how materiel handling systems are being Implemented,
we made on-site visits to various hospitals and companies and interviewcd

staff members who were Involved in the purchase and installation of automated
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distribution components or are planning to include them in current construction.

These visits and the distribution concept uscd by each organization are listed

below,
Location Application
Greater Baltimore Tuggeyr Train

Mcdical Centcr
Baltimore, Maryland

Castle Automated Systems Demonstration Model of
Rochester, New York Cyberail
Saint Louis Park Medical Moslcr Telelift

Center

Saint Louis Park, Minnesota

Allegheny General Hospital Remington-Rand
Pittsburgh, Pcnnsylvania Randtriever

Diebold Corporation Power Files

Canton, Ohio

Mayo Clinic Conveyor and Pneumatic
Rochester, Minnesota Tubes

STATE OF THE ART

A totally automated materiel management and distribution system
orders and receives incoming shipments from outside suppliers, classifies
the items, stores them, and distributes them, as needed, to the ultimate
user, This degree of sophistication is presently prohibitive in initial cost
and impractical in terms of space requirements. Consequently, a 'total"
materiel distribution function, in current terms, means automated traffic
from or to a central distribution/collection point to or from decentralized
stations throughout the BLHC Systeni.

Some of the major planning factors that must be considered in
the development and design of a total hospital distribution installation

include:
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1. The basic characteristic:: of the materiel to be handled: size,
shape, weight, state (solid or lquld), frequency of handling,
perishibility

2. Storage and handling facilities at work stations,
3.  Transportiation routes,

4. Environmental factors: sanitation, noisc level, temperature
control,

[S1]
.

Central storage and distribution capabilities,
.  Waste and trash disposal methods,

Adequacy of malntcnance staff,

Operator training requirements and capabilities,

W o« 3 &

Flexibility (short term and long term expandibility).

Materiel distribution components can be categorized as follows:
. Automatcd carts.

. Conveyors,

. Automatcd dumbwaiters,

.  Pncumatic tubes,

13 Y SO ORI R

. Pneumatic linea and trash chutes.
The following section gives brief descriptions of typical improve-

ment altcrnatives and the materiel distribution trends they represcnt.

Automated Carts

Of all distribution components, automated carts offer thc closest
approach to the 'total" function. Onc alternative, AMSCAR, uses an
cncloscd stainless steel cart, two feet wide, four feet long, and four fcet
high, that Is dispatched from a central station and is electronically guided
by wires imbedded in the floor. Another alternative, ACTS, uses a
transporter to pick up and carry standard opcnshclf hospital carts by
means of a power-and-free conveyor. A third altcrnative in this category,

Cyberalil, uses a complex monorall-and-conveyor technique.
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All three alternatives perform the distribution task In a manner
that most nearly approaches the jdeal: containers are routed by means of
automatie traffic controls, and minimal manual Input is cmployed in the
actual transportation of materiel, These alternatives represent the most
recent developments in autoraated carts, and their capabilities make
them prime contenders for new systems where slze and volume of materiel
warrant. Morccver, the manufacturers of the above cquipment are developing
computerized materiel management altcrnatives that will be available by
1975 and will Iintegrate inventory control, requisitioning, rceciving, storage,
and distribution.

Table 1 lists the locations where the above distribution systems

are being applied,

Conveyors

A wide range of cholee is available in conveyors, from simple
installations such as Lamson's and Olsen's vertical conveyors that handle
food trays and supplies both horizontally and vertically, to complex
monorail/conveyor installations that nearly duplicate the capabilities of
the automated cart alternatives. The Lamson conveyor is also available
in 2 model which uses two scparatc subvcyors to segregate sterile and
solled materiel.

Although conveyors camiot handle the large loads carried by
automated carts, their versatility, spced, lower cost, and expansion
capability make them quitc suitable for smaller systems, as wcll as
important segments of improvement alternatives combinations, such as
the Olsen distribution installation in the Veterans Administration Hospitai,
Washington, D. C.

The Spiral Supply-Ramp Coneept

Custom-designed for the Greatcr Baltimore Mediecal Center, this
concept entails a traetor pulling a train of supply carts up and down a
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Tabic 1:  Summary of Experience for Total Distribution Systems

Number
System Hospitai Beds Date

American Sterilizer - Loyola University Hospital, 450
Company - Amsco Hines, lilinois
o Fairfax Hospital, Falis 300 1969
Church, Virginia
« Eilliott White Springs
Memoriai Hospital, Lancas-
ter, South Carolina

Castic Company - * Strong Memorial Hospital, 700 1973
Cyberail Rochester, New York
* Univers:ty of Conneeticut 1972
Hospital, Farmington,
Connecticut
* St. Joannes de Deo Hospital,
Haariem, Netherlands
* Meppel, Holland
* Hridovre, Copenhagen
» Also, about 13 feasibility
studies have been per-
formed and are pending
deeision

Columbus-McKinnon In various states of acceptanee
ACTS or completion:
* Baptist Memorial Hospital, 750 1971
Jacksonville, Florida
* Clifton Springs Hospital, 250 1972
Clifton Springs, New York
* Etobiroke Hospital, Toronto, 500 1971
Canada
* Merey Hospital, Buffalo, 340 1969
New York
+ Providence Hospital, Cincin- 360 1970
nati, Ohio
* University Medieal Center, 2100 197
Cologne, Germany
+ Wadley Hospital, Texarkana, 350 1970
Texas
* Laguna Hills Hospital, California
* JFK Memorial Hospital, Collins~
ville, Illinois
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spiral ramp. There are three exits from the ramp at cach level,
allowing the cart to travel varying lengths down service corridors to
planned turn-around points, From these terminals, carts can be detached
for individual, manual delivery into nursing units and othcr smaller areas
where needed. A central dispatch center contirols the scheduling of the

carts,

Pneumatic Linen and Trash Chutes

Several new health systems are installing pneumatic and gravity
ehutes to move soiled iinen and trash, The Aerojet-General's Automated
Vaeuum Collection (AVAC) alternative uses veiiiezl ehutes, horizontal
pipes, and an exhauster, with separate chutes and pipes for soiled linen
and trash., The initial vertical drop is by gravity, with the horizontal
transport into a colleetion hopper aeeomplished pneumatically.

Eastern Cyclone Industries' "Airflyte' alternative uses negative
air pressurc In a eylindrical tube — 12 to 20 inches in diameter — to
transport solled liren or trash up, down, diagonally, around bends, from
multiple depository points to on> or more colleetion points, Both items
are carried in the same tube with destination selection aceomplished by a
switch at eaeh depository point.

These alternatives appear to be a significant adjunet to the overall
materiel distribution funetion. They are recliable, casy to operate, and

handle a large portion of the materiel distribution load.

Exehange Carts

With this alternative, whiet represents a good manual approach
to one facet of distribution, two carts are assigned to each nursing unit. Onc
cart serves as a storage unit while the other is being refilled in the supply
areas. Carts are rotated between nursing units and centrzl supplics at con-
venlent times (low traffle and workload periods.) Carts contain 1. V. soiutions,

linens, and other predictzble use items; meals and drugs are handled independently.
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Sowie additional materiel handling considerations are discussed below:

1. The physical handling of hospital materiel is highly
sensitive to cubage more so than weight, since we are not, in
the main, dealing with highly dense materiel.  The hospital,
moreover, is confronted with so called loose issue, i.c., items
bro' en down from bulk, and reliab'c information summarizing the
louse issuc distribution in terms of cubie feet and delivery
frequencies Is not available, Somc effort has been started by the
military to establish data for cubage/day/affliction, but much
more needs to be done. Decisions must bec made on delivery
frequencics, containcr sizes, manpower rcquirement;s, automated
system requircments and the like.

2. A system which permits reraote supply requisitioning
and provides automatic inventory control may be fully integrated
into a hospital's clectronic data processing system. Such a
system would produce hard copy at thc supply source via indirect
mcans and cnable thc requesting party to verify the order before
it is scnt.

3., Trash removal will become a more significant problem
as thc impact of disposablcs, particularly in food servicc
areas, is increasingly felt. A ‘suitable trash compaction
device scems highly desirable, if not esscntial at the points of
trash gcneration, and paper shredders and kitchen disposals may
also reducc waste bulk. The problem, howcver, is not completely
solved with thc shredder/grindcr/compactor devicc (which might
be portablc for usc by several departments) but should incorporate
a system for removing compacted trash to a ccntral collcction
point. The means of disposing of compacted trash will range

from transporting it long distance to abandoned pits and mines,
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to using it as a source of encrgy, to cncapsulating it in block
form for use as a building material,

4. Softwarc should be developed to permit continuous
evaluation of facilities planning and utilization. Warchouse
facilities and materiel handling systems should be flexibie and

be subject to continued analysis,
5. The choice of an "opthaul' system canuot he made

unconditionally or without the specification of an actual operating
system. Factors which greatly influence the behavior and
operation of any distribution system are the number of beds

and types of services, the number and variety of supporting
services, the number and differentiation by specialty of its
staff; operating conditions such as patient load, staffing and
administrative policies, and patient care practices.

The choice of any system will be greatly affected by the juxtaposition
of hospital departments, travel distances involved, and whether the
distance Is horizontal or vertical. Additionally, trends in the use of
disposables and pre-packaged foods will undoubtedly have a signifi-
cant effect upon the choice of a particular distribution system,

ADVANCED TECHNOLOGY

Most, if not all, of the considerations for rescarch and deveiopment
discussed below are not completely new; however, they have not been appiied
specifically to the unique hospital environment, which often cannot suc-
cessfully duplicate industrial solutions. The R&D considerations which follow
are somewhat arbitrarily segregated into two time frames:

(1) 1972 to 1975,
(2) 1975 and bieyond.
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I.  R&D Considerations from 1972 to 1975,

a4, Materiel handling and storage problems can be simplified by
controlling bulk package sizes but also by controlling the shapes of the
smaller packages within the bulk container. This might be rveferred to as
modular packaging. If for example, a plastic 1. V. solution bottle is replace
the glass 1. V., bottle, it should be manufactured in a shape amenable to bulk
packaging and storage.  Although hospitals may not be able to stipulat:
modular packaging to outside supplicrs, thcy can control modular packaging
within the hospital, particularly in such arcas as pharmacy, central supplics,
linen control, and sterile supplies,

b, With the trend toward pacitaging single use items, it Is
possible that all items distributed for consumption or patient care, including
linen, food, cquipment, and pharmaccuticals, could be delivered on demand
from a single warchousc area. Pllot studies should be implemented to
determine the cffectiveness and cfficiency of this " singlc warchouse"
concept. If carried out to the fullest extent, total inventory control would
be the responsibility of a single department and would no longer be decentralized
throughout thc hospital.

c. Paticnt handling systems have not been treated as an overall
systems problem, especially In terms of an automatic or semi-automatic
handling. The paticnt handling solution most likely involves some combina-
tion of the stretcher/table/wheelchair/commode/bath array of equipment,
and may bc able to share thc automatic or semi~-automatic matericl handling

systems.
2. R&D Considcrations for 1980 ana Beyond.

If a successful solution to modular packaging ls found, dircct
delivery of items to individual paticnts regardless of location (his room,

surgery, X-ray) may be possible. Gravity and/or a conventional pncumatic
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tube system could probably deliver and remove 95% of all individually
packaged items.

On a limited basis, the hospital may possibly play the role of
manufacturer, therchy completing the solution of processing/reprocessing
and conversion/disposal, For example, plastic and non-woven items may be
produced within the hospital from raw matervials., Thus, iaw material
storage is converted to finished products and delivered to patient in a
continuous cycle; finished goods inventory ultimately is climinated and

replaced by in~process inventory.

3=243



TPy ana

feonaan oz rand [P Danpiey Jo3ria)y
¢saopraaos gras puw juannd Uy pnro.
A i sudqoad orprLy rioadg
m_.;.__:—-.-._ DG AR STOWADEY JEUOTIPDY

TSP

PROTPOUL ERpIATHUT ST Sprof
HERS 30] WO 10U 1IEa3SAY
fpovdrninn) Ao worsmdso
——sdoltodsuray aof poanbor sipegs
JEdtLIas pur muastioyg Rioaodg

SIOV LNVAAVSIa

TSP00) PRI OELIoL /PAaeay put:

‘yseay Csofjddns eatsns ‘Sapunrg

JOJ IpEpRAT aaw sopnpout onrvdag
{spuvinap yead xapun BRI I B I
SIIUTUINUIRIU Mo ]

251500 duitaado saanpod

wasss NG SpqEIEIRY I
{sapnpow

ur pAIsojoud s1oofiwa | 2ouls
pouquyod s1 uoNRUILIVIUAI~SSE )

‘¢ fwstueyoow jogiuos v Auppasul aq
Pash aq URY stopaspy dunsing

P PISN O unoy
'l Sdopiaaed Jpms 10 quoned peua

oI

pofdun 1o ‘[Rueziioy  ‘puondas

uo WBLIdn ppoy Jouliziun)

TWISAS AT UNOD DS0]D Jed [l
Jortodsunig ouo jo uolidunfRiy
SUOGINQIIISID | all N

J0j papaoi pouuosaad gomo 4
IPONPIS TRIOIS Joo) 4

Saopes ondd 2ANSUD SR
PAIOS pUP Utofy o uoliRdaiag
WMEHIOING PUB BULRIS BUIYSTY)
fpoainbag Jou aomaapy paupunly
EGLIgrdrd prrojun-pro] anruogny?
og Yoy Butuurpd ¢ osw
EIICAT [poTT RN

2 opsuE]

MIEIOY [0 appring

1 I OpUy

STOVINVAAY

NOSIHHYdIXO 3

0% 6900018
S0 [enTu

8 N

TATLVNHTLTIY

S 000°t

Spowmwizoadde Aysede) -ySy o
APV 9T CSUOT Lm0 921§ *anod
poutasapadd w Suopr suonvunsHp
odnnw Jgoj pouwtwieasold aq ueo sav))
*SIOIEAS[D JElaads woa) N pun
aNurado ‘aoua ‘s fpeannwome
Uny SIT)  CJBI YIed U0 HIISAS

eIp WS om) © Julsn AQ suoms
BIAPBI0a 01 paygojudsip ST avo
patanod ayj 100y 2yl ul pappaquio
SN aReos Mol {q papind

St pur sUEd jueg-$8Hrd puoawds
SAWILRD Ao patamod-iiayvyg

cusrprw g
umyl axow

“uenms

-(NS JIYJ0 UL o) SPLINEL puss
UED PUE [UBOGLIN [0J3U0) aaihg
—ysmd oany suosnMsqy Csuolline

Ut SIUIPLIUIGD pajeao] Sgfudandnrals
§uryy W SR popays saianyasip pur dn
YIoul 01 syd aoprodsuniy oyl taoptodsuig

10001 $ padasod SHEILI 1A posoid

iy RIAUDRUOD R[N It It ouopy
IR0 - A5 UNOLLADIS A

ERYAITARYTS
uTIIIWY
UVISNY

uonrimdio))
SHPSE) CplRdogy )

AINVN

NOLLOHINESIA N1 GAIVROL IV

CINANDANOD

ONIVUNVH
LNANFAORJAINT

TAITNALVIK

NN A

3-244



*91n0Ius

PaARIEP 10 3s0] 3198 jouuwd syue) g
{posn aq ‘SI00p Peys YPI| je papeojun/papeo]
Avw sjIed 1ejrdsoy [euoTIUAAUOY *9 Allednjewojne oae S}AED pue ‘uorjejaod
...m:::w.ru_ouun 10 sjovdurr -SuB1} [BOIMAA poads ydry opraocad
‘uoneys Juraroasa 9[qelISOpUL OJBRUTWI]S SIIPIEB)SI SI0JBADID OTJEWOINY  “IBD YO®D 10§
Aq pa32datpaa aq jsnw aureay £31ava3 pue sdoys Aafroay [etoadg  °¢ anoa asdoad ayj pue uorjeur}sap
19111ed peol sdiay dogs odipnw ug ‘g $93SEM 0] Po0J WOl ‘[3Tiojewr 94} 309[9S 0} Pasn e IINIITO PRO]
{Ag-saassed eildsoy jo sadAy [je solpueH % 9y} Uo S|EIp OM], “°uleyd [Telouowr
£q 9noaud P319301pax 3q ued sue) ¢ ‘ojqeaado aaw SI103eAI]D JT danjre} 9y} o8eSus 03 aurpour SIS € dn
Spaarnbox st yppim 10plaa0d popuedxy Jamod SUrInp uorjeunsap 03 paysnd A[jenuewr wayl S1 yormym jaeo
fongyeny ueLysapad 03 sno Po[Iod A[enuewW oq ued sur) ‘g PI¥puels oy} jJo sisuuni doy oyj
~PIBZeY 3¢ UBD Jwed) 13l1ied peof ‘g ‘uorjeunuEIUOD SS0IS a8edud Is11aBO pRO] 9Y) UO s370Y4 uouury oI
‘waishs aanuo J03J3e A]asioape 99NPAT SwWayds Julysem pue *paq dnog  “red [eyidsoy jjoys uoan snquInjo)
Ue5 YOo'I) [TRIOUOW UG 3OUBUIUTRN °Z SPEYS [10s pue uedlo ojeaedog - 12d 000 ‘z$ pIepuels ayj3 jiodsuea} o} pausSisop “SLOV) waysAg
am 1eo13a0a ‘Surpuey jarrojew Jo 3s00 0} 00g ‘1$ JuIel} JUIIIND peo] feroads e uonjeymodsuea ]
103 paambax syeys asodand [eroads 1 aamny jo1paad APjeandow ue) 1 11800 [enyuj SoAoW [Telouow uleyd patamod y HeD pajewony
*3Inoa
}SOU0YS ®IA 1DJSUBRI} ulopuey °*g
{ponrodsueay
29 0} sudwidads reolfojorq pue
D1BMSSEBS MmO]lR SHIASUI WO °C canoy aad °sqp 000 ‘og
uonjerado 101Ny p ST syIa1a3 Jo Ajoedes wnuwiIxepw
“UoTjRUTWRIU0D-SS0ID Jo ¢{s1500 Suneaodo MO] pue sied *Atoanoadsaa  *sq] gz pue 11 Jo
uonuesaad ayy 10y suoisiacad oN se JLI39310 Uo dJourvudIBwW Ojdwig g Speo] y3m 8T X ,ZI X ,,9 pue ,C %
isaeo 21230010 uo ‘piodsueay Jejuoziaoy wCl X . F dde suolsuswiq -9jnurw
paainbax aoupuaurewW jJuonbaag g 103 suowaainbod uoljoNIISUOD ON  °g ‘uonels 12d*33 0ST 01 09 & Syoel) Jerdads
£*33 *no suo pue *8ql 07 fuolsuedxa woysAs 12d 000°cT$ uo A[ejuoziioy pue A[feoIion Auedwo) ayeg
noqe 01 pecp sjWlf 9zIs  av)  °p JENI0EY suouodurod Je[npoly ‘T :1S02 Jerpul 12AR2) saeo paadaod Ajjestayso)y IJ]SOI ‘YIOIOL
SADVILNVAAVYSIA SIDOVINVAQY LSOO A4S /NOILAIN0Sda JNVN
NOILNEIVLSIA _¥T109 dZLVNOLANY CININOAdIWOD
ONITANVH TAIMALVIW :NOILONNDJA

LYVHD NOSIMVAWOD FAILVNUIALIYV LINANITIAOUdA NI

3-245



“tendsoy poudisop
AEUOZIIOY,, T 10] pOYIns }sog

*UOTIINIS UOTIBUISHP aljewonn

10] pasn sI poylow aaisuxixs agoly
ftaroqm

1059AU0) WIS S awes sHeUeApRSI]

TSITEY YEYs [EaliIon
Uy WROp ST UID15AS Ty
HYTOM pUR SWN[CA pITWT]

[N13und
1 NITHIP uonwunuTi SS0LL)
tpadinhag Furgoosd-aary jeraads

HORD R I3 B BN ¥ 10U SYIEyS

SADVINVAAVSIAO

s e S e e SO e ME eeas

*uonnqray
—-STp 20§ poambaa [ruuosaad I9mog
°1 {pa0aJ 24t sATAIIEIS pUE SJ0JBADLY

"SAXOq J0

SATI} J0J WwaPsAs Jo asn opdiynpy
‘zomeaado poppiysun

Wod} WOIDI[IS UOTIeUIIsSIp Jo

¢ Anpqgisuodsad daowda ued WIISAS
faroqe “Jokaauo) uassiQ 10}

1 PoIsSH] 9soyl St awwns soSvuUBApY

uoneroado 3910y

G PAINPAL SE ARl d0jeadld
‘Eiolrwone s1 duiproun pue Jutpeo]

‘posn
sr JQ URD SPRYS J0MIIND 10 1011IU]
‘1 tpapipaad Apeanooe aq

I UED PBUMRW JO I[P [RITLIN

°e
‘1

°€

T

T

*000 ‘0538
13500 [enul

.hooc
TeuocnIippe
EUﬂO dog
000 e$ snid
(saoopy )
000°Sc$

03 100[}
[EuonIppT
yoen a0y
000‘c$ snid
(saoog 7)
000 ‘8§ Wody
i1s02 [enug

100y

1ad 000‘01$
Apewrnoadde
13505 [eniuy

*opead juooaod
¢TI ® dn pojnd aq Aew °sqp 000°‘% 01

dn cuonjedo] aodoad ayy jv payosryap odaw

SIed ojeaedos pue ‘dures feards v dn
saed> f(ddns jo urery e spnd 1o030vi) Y

“UOTIRLIISIP JO UOIIIOLAS [elp opdwis
v sojew Jojeidado ayj ‘ajeAaloe ol
°Sye) Oy} wodj Jo uo sreudis peoda

10 9jlaAr w3sAs 1040Au0d Ayl Suoje

Speay 2MPUTCGE CABIT Iyl ojUl Poplow
21T SQE) S[UIPW ‘UOTIEUNISIP IPeOUd
ol *Apanoadsaa ‘swajl pateUTWRIUOD
pue J[l12}s A1aud 03 pOUSISIP AT
spapowl 194l -sdway pooj Jao sorjddns
Y1 pOpEO] AI1E A} udym sfery

oYy proddns pur uteyo Surfiaes-doog
SNONUTU0D v uo L[[EaTIaA JAow
SOWRIJ U0 POUNOWE Saed (IS

*UOTIBUNISIP PIYIDPRS

119Y) 3B PIAITYISIP S{jearjeme

-one aav pue ysladn uvwos sao
~urejuo) °uolixs Suipro] 2y} Surssed
1es Lydweo 3sary o4l o} 1dureIUo) Gl
SA9JSUBI} LJ1ED[IRWOINE Yalym Taprof
Yl Uo JIIUTEU0D Y} sarepd pue
UOIJRUIISAP 100} IY) S|em dojeiado
Ayl *woljoq pue doj e sjavo.ads
ddary uo pariaed saed paoard

y3m poddinba st uivys s<Hpua uwe
CL19ATIp Joo-03-a00y djrwioine aod

1doouo)y durey
- Apddng [eardg

-au]
‘plogaIa ‘woisialg
UosSwIE] ‘a040Auo0)

{EONI0A PATIOILAS

“0) aqed puv
urey) uedriowy
JO UOTSIAI
UIS|O “10A9AUv)
[EDTMIDA AATIINIS

SHOVILNVAAY

LUHVIIDO NOSIHVJIKNOD

LSO

dSA/NOLLAIH DS

JINVN

NOILLOAHIHLSIC

MTOs GdJLVINOLNY

SLNINOJINOD

ONITANYI

JATLYVNHILTY LNAWIAOUJAKNI

THTNIILVN

SNOITLONG A

3=2.46



EAUDI S LY

SIOTLIBD POJIaIIP-STW JO £I10A0D0%
Lao1A0p

1013U0d [e1judd uodn juopuadop
A13191dwon uonjeasdo woyshs [ejol

*OTJJRI} ATM-OUO O} PIYTWT]
ts300fqo uSroaoy

Aq po33nid fjIseo soqmy ary
3500 onurudUTRW YSTH

*938d0} 0} INOIJJIP SJauUIe]
-U0d POPoI-STW 10 pPIIIAATPSTIV
510000 ys1oaoy

Aq poSeyioyes f]ises soqn} a1y
faourusuTRWL JUBISUND SaTTnhoay]

1

"POSn OS¢ UL saanlIed odiy
2IewoINe-uou [EucijudAuc)
vddols 10 uonourgiew uoljels
© Suranp uoljgxodo ponury
—uod syuLidd uoljels £10A039Y
LIDLIAEBD JO UOIRIOS

-ur aodoad oansur o3 pouSisop
£Ivoods aoquieyo Sumyojedsiq

¢PEOJIDAO pIOAE

0} pafjoTuos st ndur astrar)

*posn 9g Avw SIIT1dpd

anpseld wBromydr] ao1pewg
‘pajeutnai[a st siurod oml uoomlaq
uonelrodsura) jenuew A[3so)

°s3s0nbhoa yaoa

ATE||ISUT 0] JWIT} [OAT} STATS

{S10JeAD[O pue

SAOPIITI0D Ul MOJJ 2TJ3ed] S0onpoay
frenidsoy oyl uigyrm
SIUDWNIOP POIAATIPURY SHyeUTWITT

"aeok

aod uorjevls

and ogs

0} 0¢$ IS0
dOUTUIUTEIN

t ~Aep
aad uonyvys

aad g0 °gs o1

¢ 0¢°§ ‘3502
Surjeaado
uorjrys

¢ JXod 00¢ ‘t$
03 008$

‘T f3s00 Tenml

“our]

aod cak/001$
Aojewrxoxdde
LdoueuduUT eI
sourg

'z 1ad 900 °‘oF$
01 000 ‘TS

*1T 1800 [enyu

cuonjels Jod
“aL/GL$ 31S00
JouBUoUTEIN
“1A/%19°L8
:SUOTIBYS

Gg 1o}

¢ 1500 Surjeaadp
“uone}s

"¢ 10d 00¢‘s$
031 000 ‘9%

T (3s00 Teniul

"UorTuIlsop pajavjasoad oyy

0} 1911ATD OY} SIIDIIP pur siojuow
AQ[edsjrwoine wa)sAs oyl “sqouy
10393195 0M] Buljrjod Aq uolieys
JUIPUSS Oy} 3T POJIdIOS SI UOTIBUIISIP
I911aB)  “OBUTYIIDWUI Id21aaBD
pPo[1o1Iu0d AfjeonjewWolne ur ysnoayl
POIDIUUCIIIIUL AT SUOIILIS BUTATOONT
put Sulpuos Jo JoquUNU POIItA Y

T193ud0 WINOD 10 uonels

,$9s8anu 03 swood juoljed woay 201AI9s
AeM-9uo saplaoad  “aajowelp L F 0}

wZ/T T SJIS11IBD BuIsn WSISLS ogny 4Ie
osanssoad oanpeSou jutod o3 jutod [jrws v

“UOIJBUMSAD pPajas[as-dad oy} o3 sIodtIIED
S$3001Ipsa ey} d8uryoanjul dooj oyl £q
pojpuey og ued anoy xod sId1aI®O QO0°T
03 di} *uolj¥)s Yord je S[eIp Jo asn ayj
£ po1r0]ds ST uoNneuUNSH  “1djownip

ur Soydul 9 STOUITIUOD ul ©°330
*sunwiroods -qe] ‘snuowt ‘suonydrassoad
‘suoryistnboa socAowW eyl WOISAS
sanssoad cAnjesou ‘onjvwioine ANy v

Aueduto)
suneindoy
saamod
“I1318BW0399798

“oul ‘progora
‘UOISTAT(] uvswe]
‘ogqnL-jop

soul ‘plogia
‘UOTSTAT(J uoswe]
“o(n [ -03100}98

SASVILNVAQVSIA

LUVIID NOSIMVdAWOD

SAOVINVAQV

— ] T R S e e ey &

LSOD

dSN/NOLLARIDSAa

dINVYN

SAdINL DILVINNINd JdTVIS TITIVINS

CLNANO INOD

ONITANVII TIIIALVIN
AAITLYVNUALTYV LNIWAAOUdNI

ENOILDONN A

3=247



e ey e SR L g SBE P = —.—. - - Bomvs  Zye— By

"[EON1Id 9 pInod Pyrus

{PIUOZ[30Y 10 [Bd13dA Jo 2Fexoold
‘paainboa Zugooad aaTy [eroads
tseodT papiwl] ur S[uo pajedo]

I Ued ANYI [[EIINMF [edTIN

~aoddoy ysmal o1 uduIp pajIos
yorwdsIp pnoa doiis aomwaado
uonnrado  saiwdwr afnyIolq agnl,
SHI T IR AT pun ysmil 0] pawr]

upwdinby [rsodsip ysell

BUnsSTXO Jo 98N JUIDYIO dI0IY

funul] pue yseday poqlos

JO UOIIID[[0d Ul JJrISSIoNpIY
fsonIoRy

Furstxo ur poajerodioour aq ue)
tsadid [ouoziaoy

¢ JO uorjeso] ui AIGIXI[ SMO[IV
°C tpajaipaad
A193canooe aq ued Ystd) put udul]

*I  POIoS JO UOTIID[[0d J0J PEOIYIOM

U013

~109 [edjuan pur uofris ALaojrsodop
us2M3II(Q 3SO| I Jouurd SUdUT]
tgpoade Suisanu ojul Sulderss woay
soqny ur are juasaad syool A0S
{Sutued|I-319§

fysed] pue udul|

POTIOS JO UOTIND[[0D 10) JJUIS paanpad
$SIUHWNITNHOT  DOUTUIIUTRUL MOT
sspaar Juarjed ut uoulf

PoIos 10 YSEIl JO UOTIR[MWNIDE ON
UOTPINIISUOD

MoU 10 SumIsTNo 0} ojgmdupy

*Spudq L.UNOJT pur ‘A[[wuoziioy
CSHEATLIOA Pasnu Og Ued [3T19JEly
fpapoou jou sdoap [EdIMHOA WYRIRIIS
g SUIDYSAs UNTIUN-a13uls uwvyl
s7  oaow ANYSIS S[uo 1500 Je (susadl]
-+ pPUTHISEM) SUDI}OUN} Om) SULIOLTD(]

- e " e ——
'S
v
*Soqny [ESILIDA DY) WOody 2ISTm
¢ cfoanoadsoa JO 9SELO[Od DY} S[OIJU0D IATBA
‘saNITIOT} paq odaeyosip ¥ "UdUI] paJIos put
*2 0GL pue (5% yseaj 10y posh aaw soqmy djercdog
103 000°061$ *jurod UOIRI[OD 1EIJUDD 0} [ALdjTW
0} 000 ‘OFIS ay3 assow yoma sodid prodsuer) [eaouan
T :3S00 Rl [TUOZTa0Y OJUT Pad] S9INYD [RITIOA -313{010Y ‘OVAV
*01 ©
N
-6 &
°8
L
"9
canof aod
G 006G ‘G$ 3s0d
Suryraodo
*+ *A12anoadsaa
‘soniony 1199 211129 90304yd  DATHSUIS
e pag gc.  -i0[0d T 10 [odjuod uopngysnd £q sjuzod
*Z  put ooz oy UOTIII[0D PIIDIS 0} PIPIATTp ag ued
LEFRIES [PHIOIEI “moly Jdlv aanssaxd aanmsou Aq
puUvRozE ‘9918 suaui| pajlos paseyord 10 yse:l soruaed SOTXISNPUl AUO[ILD)
*[ f1S0) [EIUI ‘d91PWERIp Ul 07 03 W FT ‘Iqn} [morpurjid uaaysey ‘oApary

SADVEINVAAVSIA

SADVILNVAAV

LSOO dSN/NOILLAIMISAA JINVYN

SN

ANIT ANV JLSvAa 40 HIASNVUL OILVINNAINI CINANOJWNOD

ONITUNYH  THIUILYVK NOILONNJA

LHVIED NOSIMVAIWNOD FATLYNUILTY LNINIAOHJNI



~UOTJEIOUTDIUT J1S-Uo Jo WwIIsis

1BAOWDI DISEA JUDIIND YA urq
DOVFADIUL 03 POUBISOp ST WdIsAS  “F *1S0D suonm) o8va01s 10 ‘aoredwod  ‘aojeaouioul
ssuorjeaddo areddl A1WOTILAD *pajpury ~eIsur jo 01 ur 0} uoy} pur ‘ozis pojadpesoad v
pIinom agnyn (e} odaj Jo  oSeyaoid t¢ N uEd J3sta prjos Jo ody Iy ¢ *xoadde 3s0d 01 31 sputis jey) [[IWU UoHLIL UT 0
*UOIIBIDUINUE 10 *UOTONIIS DOUBUOUTRIN sanssoad oAneSou £ poAow ST J)sEA
1BAowoa 03 xornid  jrsodop 9jsta —uod Hunso do mou o) opeydupy ¢ *000 ‘00T 1SOIY  *EBOJIT UOTIND[[0D UOWWOD so1a)SNpUl
FUIUDDIIS JOJ SUBIWE DATODJI8 ON °F algu)leAT J1 posn 0} 000°0e$ 0] 10 3O JOADAUOD T 0} IINY> £90100 ‘woaysaAg
sfue Surjpury gstal aoj paudisod 1 S uTd sonyd [T 0ody SunsIiNg T *3S0d Jeiiy NTI-00a] € ySnoay) juos ST ysed] Jesodsigd 9)sEm
SANVLNVAUVSIA SHDVILNVAAY L3500 ASN/NOLLIIMISHIAd TINVN

SNANIT ANV FLSVM JO UTISNVUL JILVHNNHANI CLNINOJIWOD

3-2.40

ONITANVII TAIHALVI CNOILONOMA
LUVID NOSIHVARNOD dAILYNHIALTIV LNAWIAOUdINI

-~



BIBLIOGRAPHY — MATERIEL HANDLING

Apple, James M, Plant Layout and Materiel Handling. Ronald Press
Company, 1963,

Austin, L. K. Mechanical Supply Distribution Systems for Wilford
Hall, USAF Hospital, Lackland AFB, Texas. San Antonio: Baylor
University, 1968,

Ayers, D. H. "Simplified Distribution System Accompanies Switch
to Disposables," Hospitals, J.A.H. A, 41 (April 1967):60.

Bartseht, K. G. and Burkhauser, B. R. Model of a Hospital Inventory

Transportation System. Community Systems Foundation, 1964.

Bentz, F. T. "A Hospital Reviews its Automatic Materials Distribution
System.' Hospitals, J.A.H.A, 43 (February 1, 1969).

Bondrian, E. M. ''Meeting the New Requirements for Hospital
Material Handling." Hospitals, J.A.H.A. 43 (February 1, 1965):43.

Carter, E. ""Automation in a Central Sterile Supply Department.”
Nursing Times 61 (May 1965):637.

"Centrally-eontrolled Carriers Get Hot Orders Out in Minutes,"
Modern Materials Handling (April 1967).

"Continuous Conveyor Systems Adapted to Nebraska Methodest."
Architectural Record 145 (March 1969):162,

Crook, David J. "A Disposable Produet Distribution Model for
Hospitals." Hospital Topics (December 1964):113,

Department of the Army. Storage and Material Handling. Washington,
D. C.: Government Printing Office, 1955, TMT743-200.

"First Conveyorized System in United Kingdom Hospital." Hospital
Engineering 21 (July 1967):165,

Friesen, G. A. "Meehanized Supply System Providing Supplies When
Needed.'" Hospitals, J.A.H. A, 40 (May 1, 1966):109.

g et SO chewy O MGANY S TRRER e e e

———



~—> =y emey wag TR SR B 2

o

Friesen, G. A. "Newest Concept in Central Serviees,' Hospital
Administration 15 (Oectober 1967):29-30,

Graee, Sister M. "Automation: New Methods in C. S. Operation.”
Hospital Topies (July 1967):85,

Grapski, L. F. and Sanders, H. D. "An Automated Materials
Proeessing and Distribution System.' Hospitals, J.A.II. A, 16
(January 1968):77,

"Greenwich Distriet General Hospital: Automatic Conveyor System
for Supplies." Hospital Management Plant Equipment 30 (July 1967):364,

Harris, D. H. "Exchange-Cart System for the Distribution of Stores
Supplies.' Hospital/Medical System Innovation 1 (July 1967):1-4.

Heehinger, Sidney. '"Huge Pneumatic Tube System Moves Laundry and
Trash.' Modern Hospital (July 1969).

"Hospital Automation.' Architeetural Record 145 (March 1969):150,

Jenks, H., R. '"Storage on Wheels: New Cost Savings Through Material
Handling -- Toledo, Ohio.,'" Hospital Forum 10 (August 1967):16,

Johnson, A. B. '"Food Distribution System for Multi~Story Hospital."
Hospital Progress 45 (March 1968),

Knill, B. "Needed: Handling Health for Hospitals.” Material Handling
Engineering 24 (October 1969):91~100.

ILetourneau, C. A. '"Automated Transportation of Hospital Materials."
Hospital Management 106 (August 1967):45-9,

Letourneau, C. A. "Automated Transportation in Hospitals." Hospital
Management 105 (May 1968):39,

McGauritz, M. '"Materials Management: Annual Administrative Review,"
Hospitals, J.A.H.A. 43 (April 1969):147,

McNab, J. A. "Automated Materials Handling.' Canadian Hospital
46 (March 1969):46.

"Mobile Storage Speeds Replacement, Cuts Costs,' Canadian Hospital
44 (April 1967):7-9.




"Moving Disposables in a Vertical lospital: The Possibility of
Mechanical Distribution of Supplies,' British Hospital and Sociological
Service dJournal (July 196-5:1058,

" New Canadian Hespital is Structurcd for an Overhead Monorai! System."
Arvchitectural Record 159 (March 1969).

Oudens, G. "An Architeet's View: Centralized Distribution System a
Must. ' Hospitals, J. A, H, A, 43 (February 1969):47,

"Pnecumatic Conveyor Reduces Linen Hazards." Modern Hospital
Hlustrated 104 (August 1968),

Saundcrs, R. and Rousscau, J. L. "How to Get Things Moving Up
andd Down: A Primer on Vertical Transportation." Modern Hospital
195 (August 1965):120,

Sprink, G. "A Survey of Automatie Materials Distribution Systems,"
Hospitals, J.A.H.,A, 43 (February 1969):53.

Spurrier, E. J. "Mechanical Handling in the Small Central Store."
British Hospital Journal Soeiety Review Serviee 75 (August 1968):1629.

Sternin, M. W. "Do Automatie Materials Distribution Systems Really
Save Money." Hospitals, J.A.H.A, 43 (February 1969):75,

"Supply Ramp Is Core of New Hospital at Greater Baltimore Medieal
Center." Modern Hospital 104 (February 1965):99-100,

"Thousands of Parts at Your Fingertips.' Modern Materials Handling
(March 1969).

Von Zitzewitz, I. "Conveyor and Pneumatic Tube System Automate
Materials Handling at German Medieal Center.'" Hospitals, J.A.H.A.
43 (February 1969):83.

Vouchard, V. E. and Ruggiero, J. S. Drug Distribution in Hospitals,
Pittsburgh, Pa.: Duquesne University Press, 1968,

West, M. A. '"Materials Management and the Hospital Supply
Funetion." Hospitals, J.A.H.A. 43 (June 1969):96.,

Willis, J. R. "Storeroom Design and Loeation." Modern Hospital
(September 1969):42,

3-252

apills $ ey 0 ewEay

-



MULTIPHASIC TESTING

INTRODUCTION

Muitiphasie testing is not a new medieal concept.  As long as there have
been tests of organie funetions, these tests have been used in tandem as a means
of deteeting disease. The periodie physieal examination is the elassieal example,

In the reeent past mueh effort has been devoted to automating the process
of multiple testing to reduce costs, minimize physician time, und assist in
diagnosis of disease through eomparison of individual test results to "normal"
limits,

The concept of mass sereening of a total population in order to detect
disease in its early stages and so reduee the overall cost of health care and reduce
morbidity and mortality has yet to be proved eeonomically sound. Secleetive
rather than total population sereening, appears to be the more valid approach.
By selecting age/sex speeifie eomponents of the populations, testing ean be
oriented to those diseases most prevalent within the seleceted group. This
requires:

1. Evaluation of age/sex data within the target eommunity

2. Dectermination of the "high risk" diseases related to that data

3. Analysis of the availability, reliability, and cost of the tests

designed to deteet these diseases

4, Estimation of the total number of patients involved.

The systems considered in this state-of-the-art survey of multiphasic
~ testing are those most adaptable to the requirements of high volume testing.

All these systems perform, at their minimum level, a series of tests which

aid the physician in assessing the patient's ecurrent state of health.

TECHNICAL APPROACH
The SOA survey of multiphasie testing was initiated with an extensive

literature seareh of periodicals sueh as the New England Journal of Medicine,
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Hospitals, Journal of Occupational Medicine, and Journal of the American

Medical Associuation, A bibliography is ineluded at the end of this section.

In

addition, on-site visits were made to:

The Kuiser Foundation Hospltal in Oakli ad, California

The [lealth Evaluation Center at the U, S, P, H, S, Hospital in Baltimore,

Maryland

Health Auto-Data, Ine., Washington, D,C,

Automated Multitest Medical Laboratory, Ine., Palo Alto, California

Mcdidata Seiences, Ine., Cherry Hill, New Jersey

STATE OF THE ART

The general trends in modern multiphasie testing are:

1.

- e [ 8]
Iy . -
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°

To expand the list of tests given,

To further automate the history taking proeess.

To use relocatable screening faeilities,

To limit testing to discrete body systems,

To utilize the dedieated computer approach to automated screening.

To ineorporate multitest sereening as a routine hospital pre-admission

proeedure.

Additional Tests

Inclusion of more tests, especially clinical laboratory tests, for additional

discase entities, will expand the total diagnostic eapabilities of multiphasic

testing.
[ J
[ J

Among the additional tests being eonsidered are:
Stress testing in the eardiovaseular area

Reetal and hernia examination for men
Thermography for women

Phonocardiagrams

Additional blood tests for:

Eleetrolyte

Triglyeerides

P
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Free Fatty aeids
Protein-bound iodine
Heavy mctals
Blood group detcrmination
Stool guaiac test for oeeult blood.
In many serccning ccnters oral examination and dental radiography are
alrcady included. Their use is increasing and may eventually become standard

proecdurc.

Incrcascd Automation of the History-Taking Process

Paticnt history-taking is beeoming inercasingly self~administered via
questionnaires presented by video and audio-video devices. By developing the
pertineney and logie of the questionnaires and rcducing ambiguitics, more aecurate,
all-inelusive data can be provided without inereasing the time required to complete
a history. In addition, a computer can be programmed to review the accumulated
history and test results and order any extra tcst proeedures thus indieated before
the patient and his test results are referred to the doetor. Spceifie history-taking
deviees arc diseussed in the Communijcations and Data Management scction of

this volume,

Increased Handling Capaeity of the Chemistry Laboratory

The inereasc in screening capaeity, produeed by automation, has ereated
a corresponding need for more blood chemistry work. This ean be achicved
through the devel(')pment of more effieient blood chemistry analyzers. In regard
to costs, it must be considered that as more determinations become standard,
eost per determination deereases. Spceifie automated analyzers are discussed

in the Clinieal Laboratory section of this volume.

Relocatable Screening Faceilities

On-site sereening is best served by the rclocatable screening faeility.

There are two types: the fully mobile and the transportable,

3-255



Facilitics of the first type are normally housed in special vans or tractor-
trailer combinations constructed for maximum mebility. They have their own
power traction units and hence can be "buttoned up” and made roadworthy very
quicklv, Transportable screening facilities, on the osther hand, are loss mobile.
Although they can move from one location to anothev, onee loeited, they are
semi-fixed in place and the traction unit is removed eompletely. Faeilities of
this type resemble the portable school rooms used in many parts of the country.
Because they are moved about far less, they need not be as roadworthy as the
fully mobile units, and can generally be larger in size,

Another version of the transportable system is the coordinated structural
component or module approach developed by the Texas A&M School of Architecture
and the Health Services Research Branch of the Federal Health Programs Scrvice.
This version uses several basic structural components, each 4 fcet deep by 8
feet wide by 8-1/2 feet high, Two such modulcs are joined by 8-foot hinged panels
to make an overall compartment that is 16 feet deep by 8 feet wide by 8-1/2 fect
high. Movable equipment such as cabinets, medical items, supplies, hygienc
components, and furniture can be packed for shipment inside these basic units,
which are easily handled by road, railroad, ship, or air. Many different floor
plans can be developed from these basic modules by joining them in the desircd
configurations.

Except in the case of very limited scrcening procedures such as the familiar
chest X-ray, most mobile multiphasic screcning systems are housed in two or more
vans. Only the largest and most complex, however, includc on-site automated
blood ehemistry laboratories and computer systems. Typically, blood samples
and urine samples, along with X-ray results and EKG results, are sent to a central
facility or a commercial laboratory for analysis., Test results also may be sent
to the central laboratory in the form of keypunched cards. There they are combincd
with laboratory, X-ray, and EKG analyses to produce a final report for later

disposition,
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Another approaeh to multiphasic testing is to use a single facility for a
dual purpose; a daytime clinie, for cxample, could be casily converted to a
testing facility during the evening hours. Laboratories, radiology, and staffs
would be shared. The obvious advantage of this organization is that costly

duplication of facilities and equipment is unnecessary,

Limited Scope Screening

Limited scope screening refers 1o the dedicated systems approach
exemplified by ehest X-rays for tuberculosis, dental sereening, il sereening
for female canecr. This approach is now being carried a step further and
applicd to automated screening procedures for discrete body systems that
include cardiovascular screening, psychiatric screening, pulmonary systems
screening, and gastro-intestinal screening. By orienting the testing around
specific body systems, rcal cconomies can be realized in obtaining rapid and

accurate diagnoses wherc these body systems arc suspcect.

Usc of the Dedieated Computer

Several recent designs for multiphasic sereening faeilitics have stressed
the use of the fully on-line dedicated computer for praetical handling of a larger
number of on-linc tasks. This means that the computer can handle not only the
management and processing of data and the administration of questionnaires,
but also such additional functions as the monitoring of paticnt progress through
the facility and the expediting of routing to test stations., The dedicated computer,
moreover, can programasscssments of eollcceted data. Through programmed
diagnostic logie, it ean also signal the need for additional tests and/or immediate
medical attention. The Medidata Scicnees and Kaiser systems offer the capability

for such a eomputerized approach to multiphasic screcning.

Usc of Multiphasic Testing for Pre-admission Examination

A newer applieation of multiphasic testing is its incorporation into the
standard pre-admission routinc for hospital inpatients. The performance of

a limited number of pre-admission tests often costs the system as much as if
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the patient were to complete the full multiphasic battery. The latter procedurc,
morcover, may vield a great deal of valuable supplemental information as well
as an excellent base-line definition of the patient's total situation at admittance.
It Is thus advisable to have every patient, his condition pcrmitting, undergo

complete multiphasic testing upon cntering the hospital.

Advanced Technology

During the next three to four years stress testing will be included in
cardlovascular screening and new blochemical hematological and immunological
variables will be Introduced. Cardiovascular testing, generally, will cmphasize
a systemic rathcr than a parametric approach, The volume of physiological and
historical testing procedurcs now automated == some 40% -- is expccted to double,
Anthropometry studies will be expanded to include lateral thoracic width, body
mass, and full body photography. Computer programs will be developed for
multivariate-multifactorial analysis and will be uscd experimentally to aid

in diagnosis.
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PHARMACY

INTRODUCTION

The pharmacist's traditional role within the BLHC System is to
compound and dispense drugs prescribed by the physician, Today the
pharmacist is closely examining his role in relation to hospital needs and to
his professional prerogatives., This scrutiny has revised conventional
concepts of drug distribution and communications between clinical areas and
pharmacy.

The pharmacy function and the selection of drug distribution and
communication methods can have a minor effect on hospital planning, con-
struction, and maintenance. The major impact will be on medical support
personnel, specifically pharmacists and nurses, and a lesser impact will be
felt by physicians, Most importantly, distribution and ccmmunications
methods selection will affect the pharmacist's role and his involvement with
effectivc and efficient professional health care delivery.

When considering a new hospital, the pharmacy function must be
cvaluated by thorough review of the following basic principles:

1. _Safety. The prescribing-compounding-distributing cycle must be as
clinically safe as pussible. Increasing drug variety, complexity, and reac-
tivity, plus the technical nature of medical and pharmaceutical terminology,
make it desirable to use the pharmacist's professional education and skills
to analyze and interpret physician's orders. Often the pharmacist can elimi-
nate confusion relative to dosage and pharmacological and chemical incompat-

Ibilities which could threaten patient safety.

2. _Accessibility. Facllities and equipment used for drug storage should be
accessible only to physiciins, pharmacists, or authorized nurses. Proper
security precautions can reduce or eliminate unauthorized drug dispensing,

administration errors, and pilferage.
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3. _Packaging. Methods, equipment, and materlal used In packaging or
repackaging medication or supplies should maintain drug stability and allow

product inspection as near to administration time as practical.

4. Drug Identificatlon. Dispensed drugs should be adequatcly ldentified

with generle name, potency, explration date, and lot or control number,

5. Servicc Continuity. If automated dispcnsing methods are to be used,

standby pharmaceutical scrvices should be avallable in the event of

mechanleal or electrical fallure,

6. Efficlency. The pharmacist's time must bc optimally utilized for the

maximum benefit of other hospital personnel and patlients.

Our state~of-thc-art study of pharmacy considers the abovc
principles as they apply to communications and drug distribution, and the
advanccd technology portion of this report discusses some concepts and
equipment that are being researched but will be unavallabie for implemen-~
tation by 1972,

TECHNICAL APPROACH

Our state-of-the-art survey of pharmacy was Initiated with an

extenslve literature search of perlodicals such as the American Journal of

Hospital Pharmacy, Drug Intelligence, and Hospitals. A bibilography ls

Included at the end of this section,

To keep abreast of the latest developments, we personally contacted
the chief pharmaclsts of the following health centers, and asked them to
estimate costs and judge the effectiveness of the Innovative pharmacy

concepts they have adopted:
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Heaith Center Concept
University of lowa Drug Information Center
Iowa City, Towa
University oi Kentucky Unit Dose Study funded by
Lexington, Kentucky the Public Health Service

St. Joseph Mercy Hospital IV Additive Program
Ann Arbor, Michigan

Mercy Hospital Unit Dose Program
Pittsburgh, Pennsylvania
Especially helpful In our research were two studles conducted at the

University of lowa: 1) the Unit NDose Drug Distribution Study, 1964-1965,
and 2) the Drug Information Study, 1967-1969. These two studies funded
by the U, S. Public Health Service investigated new pharmacy procedures
at institutions such as the University of Kentucky, the University of
Illinois, the University of Michigan, and the Reglional Medical Program at
the Unlversity of Missouri.

STATE OF THE ART

The general trends In pharmacy functions can be broadly discussed

within two major categories: Communications and Drug Distribution,

1. Communications. Communications related to pharmacy are

concerned with transmitting physicians' prescriptions to the pharmacist
quickly and without error. Present methods include courier or mechanical
equipment such as pneumatic tubes, facsimile devices, and automated

entry devices.
Automated entry of pharmaceutical data is becoming increasingly

popular for the following reasons:

a. Medical support personnel save time because transcribing the

physician's original order Is eliminated.
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b. Time lapse between order entry and response is significantly
deereased.

¢. The prescription ean be compared to paticnt history through
computer techniques enabling the pharmacist to check the
preseription's aceuracy and appllcaiblllty to the specific patient's

nceds.

The general trends in system communications are discussed in dctail in

the communications and data management sections.

2. Drug Distribution Methods. No single drug distribution method
satisfles all the nceds of the BLHC 8ystem. A total distribution method

Is a composite of scveral sub-methods sclected after considering such
factors as:

a. The Drug. An unstable drug must be distributed more quickly
than a stable one; some drugs are too bulky to flow through
normal distribution channels; other drugs are too toxic for
unrestricted distribution and require speclalized techniques.

b. Drug Usage. Each drug order fits into one or more of three
basic "time'" categories:

® those administered at a specific time or times

e those admiuistered in conjunction with a specified
procedure

e those administered within a specified time at the patient's
request or when medical or medieal support personnel
feel administration is necessary. All categories imply the
need for different sub-methods.

e, Construction Limitations. Hospital size and layout can affect

physical distribution and communications methods, often demanding
a variety of sub-methods. Implementation of a centralized unit

dose distribution svstem requires adequate physical distribution
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methods to all clinieal areas.

Personnel Limitatlons,  Shortages of medleal support pevsonnel

and their correct uttlization Influence function changes,  Funetion
evaluation and development ean result in more effeetive utilization
of the avallable medical and pavamedical personnel, The trend is
towavd inercasing the pharmacist's involvement in the total drug
dellvery and administration function with a corresponding rc-
orientation of the nurse toward patient care.

Communiecation Mcthods. The type or types of communication

methods employed will directly Influence drug delivery. A
lengthy response time duc to lack of direct communication,
varied and incomplctc communication channcls, and lack of
documentation will restrict implementation of ncwer distribution
innovations.,

Type of Service., Scrvice demands vary among hospitals and

among dcpartmcents within a hospital. Short-term, acute-care
hospitals have more pressing and varied demands requiring more
rapid drug distribution methods than a chronic-care hospital.

An intcrnal medicine department will demand more rapid pharma-
cological response than an OB-GYN department. These varying
scrvice requirements can be compounded by patient age,
prognosis and diagnosis, extent of research facilities, and type
of medical staff,

The following improvement alternatives were studied and represent

the state-of-the-art in drug distribution and communications methods:

In the complete floor stock or ward component method, a pre~

determined drug complement is stored on the nursing units and restocked
either by requisition or by routine replacement. Drugs which are
expensive or rarely usedyor which require strict control are specially

requisitioned.
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The systcmatic drug rcplacement alternative is a variation of

the traditional ward stock system used in most large hospitals. Drug
packages with a charge slip inside contain three- to scven-day supplies.
After removing the drugs, the nursc stamps the charge slip with the
paticnt's plate; a pharmacy technician replaces the drugs and sends the
slip to pharmacy for charging. The complete ward component of drugs,
as well as the portable medication cabinets used in some hospitals, are
periodically updated.

Unit drug dose distribution focuses on the unit-of-use packaging

concept and can range from pure centralized to pure decentralized methods.
The centralized method dispenses all drugs from the pharmacy; the
decentralized method dispenses all drugs from ward stations following
prepackaging in the pharmacy. Medication carts set up by patient bed
arrangement will periodically deliver to the wards all patient medication
scheduled for administration during a specific period., Combinations of
centralized and decentralized methods can be utilized to accommodate
drugs with various degrees of stability, toxicity, bulk, and other factors.
Mechanical drug distribution. uses a dispensing machine as a

repository for’ identified quantlties of drugs. Upon receipt of a prescrip-
tion order, the nurse inserts a patient identification card in the machine
which then releases the requested drugs, packaged and identified. The
device also creates a billing tape for accounting and drug control purposes.
The Brewer Corporation manufactures and markzts the "Brewer System'
complete with mechanical dispensing devices, medication delivery carts,
and prepackaging equipment and materials. The present equipment is
primarily for oral solids, such as tablets and capsule.

Because the machine relicves the pharmacist of routine tasks, his
efficiency and value to medical personnel can be increased through an

expanded role in recommending and implementing new drug therapy.
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Automated outpatient dispensing within the controlled environment

of the outpatient clinic of a health care facility is fcasible, After input

of the patient and prescription information on a terminal, a labeled drug
and a billing statement would be produced which would facilitate monthly
billings; daily, monthly, and yearly managemecnt statistics; drug control
data; inventory control and purchasing data. Refill prescription information
would also be available,

The I. V. additives program is aimed only at intravenous fluids con-

taining added medications, To insurc adequate sterility,‘ formulation, and
stability, such fluids should be centrally prcpared in the pharmacy and
delivered to clinical units for administration,

The drug information center provides data regarding drugs, drug

thcrapy, and intra- and inter-hospital utilization. The information center
is becoming increasingly necessary because the complexity of drug
therapy has surpassed the individual physician's ability to stay current
with new technology. Since an additional pharmacist will be needed to
select data for the information center, functional costs will be increased.
However, benefits in increased safety and use of advanced drug therapy
techniques can be significant.,

The clinical pharmacy concept of locating a clinical pharmacist in

the patient care area was originally tied with the unit dose drug distribu-
tion concept, although it can be applied to other distribution systems. On
the nursing wards the clinical pharmacists supervise all drug administration,
coordinate all medication activity with the nursing personnel, and consult
regarding drugs and drug therapy with the medical and nursing staff. Any
medications ordered after cart delivery to the wards and any medications
not in the cart due to stability, bulk, or control requirements will be
periodically prepared and added by the clinical pharmacist. The clinical
pharmacist will periodicelly check all patient medication profiles for
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incompatibilitics, inter-actions, and dubious therapy as well as coordinate

and participate in clinical research studies and drug control programs.

ADVANCED TECHNOLOGY

Improvement alternatives that are in the rescarch and development
stage and will be available for implementation only after 1972 arc discussed
below,

By 1975 the mechanical dispensing system will be able to handle

a greater pereentage of required drugs, since research is underway to
producc devices capable of handling dosage forms other than tablets or
capsules,

The pharmacy medication administration concept, which could be

implcmented by 1975, stipulates that the pharmacy department will have thc
responsibility for all functions involving drug purchasing, preparation,
delivery and administration. Specifically, the clinical pharmacist will
supervise the administration of all drugs by medication technicians,

freeing nurses for activities more oriented toward patient care.

With the pharmacy prescribing concept, which is essentially an

extension of the clinical pharmacy alternative, the pharmacist makes
medical rounds with the physician. The physician makes the diagnosis
and the pharmacist then prescribes the appropriate medication. This
concept will probably not be implemented until 1980,
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PHYSIOLOGICAL MONITORING

INTRODUCTION

sy o @ @aEuy $WENy g

Clinical monitoring includes the instrumentation, procedures, and
medical concepts used to intermittantly or continuously observe or measure
a putlent's physiologic conditions; warn personnel when those conditions
exceed set parameters; record unusual conditions for future reference; form
a data base for predicting future conditions; diagnose unusual conditions and

possibly suggest corrective actions; and sometimes assist the patient's vital

processes. Monitoring is primarily intended to improve patient care with-
out regard to physician's or nurse's time, and we may expect that calibration
and service will result in increased labor and training costs.

Clinical monitoring instruments are used primarily in intensive care
sections, l.e., coronary, surgical recovery, fetal care, and pulmonary care
units. Developments in these three areas will be the focus of the following
state-of-the-art discussion. Equipment or procedures that need research
and development and will be available only after 1972 are included in the
advanced technology section. Monitoring devices whose operation and use
are well-known are Included in Appendix B, Laboratory diagnostic
instruments and ctinical laboratory instruments are discussed In other

portions of this volume.

TECHNICAL APPROACH

In researching current developments in physiological monitoring, we
used three approaches. First, we reviewed selected articles published in the

past five years in periodicals such as the Journal of the American Medical
Assoclation, Blomedical Engineering, Circulation and Journal of Applied

Physiology. We also examined pertinent conference proceedings and doc-
toral dissertations. (Specific references are Included in the blbliography at

the end of this section).
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We then attended conferences and visited hospitals and universities

across the nation consulting medical personnel skilled in the application of

monitoring equipment. These meetings are cnumerated below:

1.

12.

13.

St. Mary's Hospital, Rochester, Minnesota.

Latter Day Saints Hospital, Salt Lake City, Utah,
University of California, Los Angeles, Califronia.
Beckman Instruments, Fullerton, California.
Presbyterian Hospital, San Francisco, California.
Allegheny General Hospital, Pittsburgh, Pennsyivania.
Presbyterian Hospital, Pittsburgh, Pennsylvania.
Children's Hospital, Pittsburgh, Pennsylvania.
Unlversity of Alabama, Birmingham, Aiabama.
University of Virginia, Charlottesville, Virginia,

1969 American Heart Association Mceting, Dallas, Texas.,

Fifth Annual Assoclation for the Advancement of Medical
Instrumentation, Boston, March, 1970, Theme: Automated
Patient Care.

Computers and Cardiovascular Disease: Detection and
Research, presented by the American College of Cardiology,
May, 1970,

To complete our study, letters soliciting Information on monitoring

equipment were sent to 67 companies whosc names were obtained from The
AAAS Instruments Guide and The Medical Instrumentation Guide. The manu-

facturers generally responded with descriptive literature of available
Instrumentation, but several companics supplied detailed analyses of specific

systems in the development stage. These catalogs and Information were

reviewed and are available on file,

STATE OF THE ART

In physiological monitoring, the necd for accurate measurement of

the physiologic status, clither contlnuously or Intermittantly, is being increasingly
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recognized. Although specific parameters for continuous monitoring have not

been established on a broad clinical basis, monitoring concepts and instrument

requirements arc being defined in the areas of coromary care, surgical

recovery, and fetal and pulmonary care. As research continues to define

the nature and action of the important diseases and processes requiring

intensive care, more specialized monitors will be developed, possibly

organjzed according to affected organ systems.

Some general trends in physiological monitoring are to:

1,

2,

4.

5.

6.

Expand the use of systems analysis techniques to define
necessary and significant data so that engineers/manufac-
turers can design and produce thc necessary equipment or
modify existing equipment,

Collect data continuously to chart patient progress during
trecatment.

Measure, or compare, data with set parameters which

when exceeded will warn the physiclan and diagnose or

ald In diagnosis of the patient's condition. I adequate

data are not avallable, the performance of clinical monitoring
instruments should be reassessed; respirators for lung
support, ventricular assists and drug therapy performance
must be recassessed for each change in patient condition,
Measurements may be continuous or Intermittent.

Establish a positive data base to enahle the physician to
more uccurately predict pauent condition and take positive
corrective action.

Fxpand instrument flexibility to meet broadened data col~
lection and measurement needs and to correlate large
quantities of data.

Increase cooperation between industry and health-care
officlals to better characterize data needs by defining the
medical problem, the medica! parameters to be monitored,
and the necessary hardware, More precise problems
definition necessitates a reexamination by physicians and
bloengineers of the physiologic basis of disease, a difficult
and often neglected activity In the past.
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Specific trends, which will be discussed heiow, are:

1. Utilization of advanced monitoring equipment to improve
coronary care, including cardiac trend anaivzers, biood
gas analyzers, arrhythmia monitors, and telemetry.

2. Expanded application of monitoring cquipment in the surgical
recovery area.

J. Application of ventricular assist devices, respiratory
assistors, and biood gas analyzers to improve pulmonary
care.

4. Utilization of a computer to manage data gencerated by
monitoring devices.

Coronary Carc

The coronary care unit employs the most advanced clinical monitoring
cquipment. Continuous mcasuremcent of a few, rclatively simple, physiologic
variables have improved paticnt carc and reduced thc mortality rate, par-
ticularly of paticnts whose heart attacks did not profoundly affect the heart's
pumping action,

Thc major instruments now being used in coronary care are discussed
below:

A. The Lexington Instrument Company produces a cardiac output
trend analyzer which indicates cardiac output bascd on analysis of arterial
blood pulsc pressure. The device does not measure cardiac output directly
but indicates a trend in cardiac output based on changes in pulse pressure
assuined to be related to changes in cardiac output. The device uscs an
arterial catheter to obtaln unattenuated central arterial pressure and, con-
scquently, provides pressure measurcments as well as the correlation to
cardiac output.

B. Instrumentation Laboratories blood gas anmalyzers both for tensions
and saturations perform routine blood gas mcasurements in intensive care
applications. The devices use typical sensors for the oxygen, carbon

dioxide, and pH, but incoiporate automatic methods for drawing samples and
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flushing. The devices may be simply and reliably operated by non-skilled
personnel,

C. An arrhythmia monitor manufactured by the Hewlett-Packard
Company provides sclected recorvds of EKG data used to determine iife-
threatening arrhythmias, If an arrhythmia is detected, drug therapy can be
initiated to prevent fibriliation, The deviee Is not diagnostic but does relieve
the attendent of some tiring and time-consuming monitoring of the EKG scope.

D. Telemetry, which operates independently of hard wire facilities,
permits remote monitoring of the EKG's of cardiac patients. The device
Is also being used experimentally in mobile coronary care units, i this
application, the device is attached to the patient at his home and throughout
the ambulance drive to the hospital, The patient's EKG is continuously
transmitted to the hospital where it is monitored by a physician. I the
physician detects an arrhythmia, he will instruct the ambuli.nce worker on
how to care for the patient until he is admitted to the hospital.

Sargical Recovery

Impyoved patient care is claimed at several centers where post-cardiac
surgery patients are monitored through the surgical recovery stage. Post-
cardiac surgery units typically employ respirators to control ventilation and
fluild management devices to control cardiac performance. The equipment
appears manageable clinically, and probably represents the next surge of a
specific monitoring function paralleling that seen in coronary care.

Cardiovascular and Fulmonary Care

A. The National Heart and Lung Institute, as well as several
industrial companies, are developing a ventricular assist device designed
to temporarily help the heart fulfill its blood pumping requirements. The
device, known as the intra-aortic balloon, consists of a cigar-shaped
balloon inserted into the aorta which expands and collapses in synchronization
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with the patient's heart. Limited clinical studies show that it improves
circulatory dynamics during application, hut as yet has not been shown to
significantly affect mortality due to the lisease process. The effect on
the circulatory status is cncouraging, however, and this device has apparent
promise for future use as a ventricular technique.

B. Respiratory assistors are used for intensive care of patients who
require assistance and/or control of the respiratory function. The
Bennett MA-1 Respirator is an electrically-powered, volume linited
controller or assistor for patient respiration. The device can control rate
of breathing, length of inspiration, total volume inspired, totai minute volume,
and will periodically cause deep sighs for the patient. The humlidifier
moistens the air breathed by the patient and can be used as a nebulizer for
medication, Alarms indicate pressure limits, oxygen deficiencics,
anomolous ratlos of Inspiration to expiration, and discrepancies In tidal
volume, Additlonal indicators and alarms assess the performance of the

device Itself. (Also see the blood analyzer discussed under coronary care,)
Fetal Care

Fetal Care Unit monitoring has emphaslzed pulse rate, blood pH, and
blood O, measurcment in the fetus during delivery, supplying data which
permits positive and aggressive intervention by the physician, The Fetal
Care Unit has largely been neglected by industrial concerns, but new
instrumentation is being developed. For a further discusslon of fetal
monitoring, refor (o the Obstetrics portlon of the General Medicine section,

Other Considerations

A. The mass of monitor/generated data necessitates an informatlon
management and display system, but no existing hardware svstem is

adequate. The extreme complexity of patho-physiological data and the lack of

accurate, simple, practical sensors ore the primary problems. The computer is

often held up as the saving technology, and it must be counted on to play

a major role in the future. Computers have been used experimentally to
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manage the mass of informaticn which accrues in longer term intensive care
of a patient, c¢.g., radiographic findings, and laboratory, clinical, and on
line measurements, However, the practical value of computer data manage-

ment has not yet been realized clinically,

B. Before determining which elinical monitoring instruments or group
of instruments should be installed, their effect on planning and construction
should be considered. One architectural concept locates all intensive carc
sections within a small area, on the principle that concentrations of
specialized equipment and nurses are most efficient and cffective.  Another
concept places Intensive care rooms close to the nurse's station on a
typlcal ward floor; patients requiring less eare will be in more remote
rooms, A third econcept installs all necessary monitoring equipnicnt
"plugs" in every room so that any room ean be transformed into an
Intensive eare unit. The chosen instrument placement coneept will, of

course, affeet instrument selection and design, especially portability.

ADVANCED TECHNOLOGY

As research continues and aggressive industries promote new
techniques, the number and type of available measurements will spiral
upwards. The gap between the type of computerized monitoring deseribed
in the secientific literature (and in the press) and the degree of monitoring
actually practiced on a broad clinieal scale, however, will widen. The gap
exists for practical reasons — primarily because of instrument deficiencies
but also because the inherent values of the monitors are still being
questioned. Systems appropriate for wide clinieal applieation, moreover,
are quite different from '"workable" research tools, since clinicians usually
do not have the training (experience) and motivation (tolerance for 'bugs")

more characteristic of researchers.
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Automatic or continuous monitoring of "vital signs" is and will remain

important only in discasc processes causing rapid changes in patient status.

For general ward patients essentially no value, cither in patient care or

hospital costs, can be forccast for monitoring variables such as EKG,

blood pressure, temperature and breathing rate.

Some areas in physiological monitoring that require additional rescarch

and devclopment are listed below:

1.

2.

6.

Additional monitoring devices for care arcas (fetal care,
ambulatory coronary care) other than intensive coronary
carc units should be developed.

Data gathering and storage techniques should be perfected,
and data should be available for display on a 24-hour/day
basis.

Monitors should be equipped with devices which continuously
or intermittently check their own operational accuracy.

For cxample, mecasurements should assess the performance
of such equipment as respirators and ventricular assist
devices.

Monitors should be developed to assess drug cffects, a good
example being the use of EKG rhythm criteria for admin-
istration of anti-arrhythmic drugs. The use of computers
to make decisions on the patient's needs for fluids and
when to administer them should be explored,

The usc of continuous monitoring for diagnostic purposcs
should be further explored.

Arrhythmia monitors need to be developed which relieve

the operator of continuous survcillance dutics by interpreting,
to some degree, the incoming EKG rhythm. The device
necd not provide a "diagnosis," but should alert the attcndant
and provide a convenient record of data on which clinical
dccisions can be made. At the samc time, it must not
sound a2 large number of false alarms.

The measurement of blood oxygen levels and cardiac output
must be adapted to perform well in a clinical setting.

Mixed venous oxygen level is belicved to be a very informative
variable for continuous monitoring because it. contains reflece-
tions of cardiac function as rclated to metabolic demands

for oxygen, Conscquently, this single measurement has
important information relative to fundamental patient status.
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Similarly, arterial blood oxygen levels reflect the status

of the lung and the opcrational status of the respirator.

Further development of monitors for thcse two oxygen levels

is needed, 1

9. At present, monitoring of the heart's output, the oxygen
level in the blood returning to the lung, mctabolism levels,
and the amount of blood available for circulation are being
accomplished in unly a few research centers in the country, t
such as Presbyterian Hospital in San Francisco and the
Latter Day Saints Hospital in Salt Lake City. In thc casc E
of cardiogenic shock, specifically, the complex measure-
ment schemes are used primarily for researching the nature
of the condition and developing diagnostic and treatment techniques
rather than for general patient care. The above monitoring ’
techniques should be refined so they may be introduced
extensively on a clinical level, l

Westinghouse has designed two versions of a patient monitoring system
combining state-of-the-art instruments and next generation technology. Both |

models perform three basic functions -~ signal conditioning, analysis, and

e

display -~ within several patient parameters such as ECG, arterial p.essure,
and venous pressure. The two systems are similar, except in their approach to

the analysis function.

Signal Conditioning

In both systems two types of input amplifiers are used: 1) the ECG,
designed to acquire the varying potentials present on the patient's body which re-
presents the electrical activity normally associated witii each heartbeat; and
2) the pressure amplifier which may be constructed In two versions, both to be

used with strain guage pressure transducers such as those produced by Statham.

Analysis

These signals can be analyzed and transmitted to the display panel in two
different ways. In the first system the following individual modules perform

these functions:
e Arrhythmia monitor calls attention to ECG abnormalties indicative

of abnormal conduction paths in the myocardium. Spccific functions
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include signal filtering automatic gain control, positive identification
of QRS complexes, artifact detection, arrhythmia detection, abnormal
morphology detection, and premature atrial contraction rejection.

o Heart rate module accepts a signal derived from the QRS complex and
generates a voltage proportional to rate, sounding alarm conditions
when physiclan-set limits are exceeded.

e Cardiac output device indicates the direction of change of the flow of
blood by multiplying pulse pressure by heart rate.

® DPressure analysis unit derives the mean pressure and the pulse pressure,
the difference between systolic and dlastolic pressure.

The second Westinghouse systezm, called the MED 70, by-passes the modules and
uses a distributed complex o{ smali central processors, all identical and inter-

changeable, to perform the above functions,

Display

Both systems incorporate three methods of display: analog, alpha numeric,
and hard copy. The analog is a non-fading chart-like oscilloscope display using
shift register memories, appearing as if a number of pens are just off-screen
to the right and the chart paper is moving from right to left. Alpha numeric display
includes parameter values, direction of trends, and limits. It provides patient
identification limit settings and alarm Indications and requires equipment such as
the WAND (Westinghouse Alpha Numeric Display) unit which will be given commands
by a micro-programmed read-only memory controller. Permanent records of
trends and abnormal ECG traces can be provided by<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>