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PREFACE 

This is Voluinü IV. Statejjf_the.Art, of a five-volume final report sub- 

mitted by the Westin^iiouse Electric Corporation to the Department of Defense 

for work performed 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 are: 

1 
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VOLUME TITLE ( 

I Executive Summary 

11 Systems Analysis 

III Medical Health Care Review 

V Data Inventor- 
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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 inprovement 

alternativos 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: 

Ceneral Medicine Materiel Handling 

Clinical Laboratory Multiphasic Testing 

Communications & Data Management Pharmacy 

Construction Physiological Monitoring 

Dentistry Planning 

Dietary Radiology 

Fducation & Training Sterilization 

Maintenance & Housekeeping Ward Management 
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INT HOD UCT ION 

State1 of the Art (SOA)* refers to the most advanced technology,   con- 

cepts,  and procedures  (improvement alternatives) presently used within the 

diverse functions of the Base  Level Health Care System (BLHCS),   or 

which can  reasonably be expected to be employed in 1972 conbtuction. 

Since a detailed investigation of all health care functions is beyond 

the scope 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 sixteen basic functions were selected: 

1. General Medicine and Surgery 

2, Clinical Laboratories 

;}.     Communications and Data Management 

4.     Construction 

f).     Dentistry 

it..     Dietary 

7. Education and Training 

8. Materiel Handling 

9. Multiphasic Testing 

10. Maintenance and Housekeeping 

11. Pharmacy 

12. Physiological  Monitoring 

13. Planning 

U.     Radiology 

15.     Sterilization 

Ki.     Ward Management 

• An,-»-«.! lix l  oontatni a lisl of terms and delinitions used in this document. 
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Meaningful recommendations for future health care systems depend 

upon an in-depth knowledge of the improvement alternatives available in 

these functions, their advantages and disadvantages, ways they can be 

improved,  the improvement trends,  and most importantly their impact on 

patient care and systems operations.     In defining which improvement 

alternatives should be discussed in each function,   we first eliminated 

most hardware,  concepts,  or procedures which are commonly known and 

commercially available.    Moreover, we have included only those alterna- 

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 available 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 were pre- i 

pared by independent Westinghouse study groups or consultants,  this format 
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i is not rigidly adhered to in each section.    In the General Medicine section, 

for example,  SOA und advanced technology are not treated separately, 

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 include 

matrices; the dentistry section,   for example,  primarily treats concepts 

and procedures whk'h are not amenable  to matrix formattinK. 

The various functions arc discussed in alphabetical order,  with the 

exception of General Medicine.    Because the delivery of medicine and 

surgery is perhaps the most essential function 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 specific functions and on the entire system.    Effects 

of an improvement alternative in one function upon other functions,  however, 

are not evaluated or documented in this section.    These interactions are 

studied and presented in the Systems Analysis volume. 

1 
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2.    TECHNICAL APPROACH 

The personnel assigned to perform the various SOA surveys were 

composed of Westinghouse personnel from various divisions (Learning 

Corporation,  Health Systems Division,   H & D Laboratories, Bioscience & 

Medical Systems Department) as well as consultants where specific 

expertise was needed.     Listed below are the Westinghousc Divisions and/or 

consultants primarily responsible for each of the sixteen functions. 

1. General Medicine and Surgery 

• Westinghouse Health Systems 
• Johns Hopkins University, School of Medicine 
• University of Pittsburgh, School of Medicine 
• Vctorarfs Hospital, Pittsburgh, Pa. 

2. Clinical Laboratories 

• Westinghouse Bioscience and Medical Systems Department 
• Johns Hopkins University School of Medicine 

3. Communications and Data Management 

• Westinghouse Health Systems Department 

4. Construction 

• Westinghouse Health Systems 
• Westinghouse Corporate Design Center 
• RTKL 

5. Dentistry 

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

6. Dietary 

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

7. Education and Training 

• Westinghouse Health Systems 
• Westinghouse Learning Corporation 

8. Maintenance and Housekeeping 

• Westinghouse Health Systems 
• University of Pittsburgh,  School of Public Health 
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The specific data gathering techniques used by each study group are 

discussed in the technical approach portion of each SOA section. 
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9.    Materiel Handling 

• Wi'stinnhouse Health Systems 
• (leor^la Institute of Technology 
• Sybron Corporation 

10. Multiphasic Testing 

• Westinghouse Health Systems 
• Johns Hopkins School of Medicine 
• University of Pittsburgh,  School of Medicine 

11. Pharmacy 

• Westinghouse Public Systems Management Services Department 

12. Physiological Monitoring 

• Westinghouse Health Systems 
• Westinghouse Bioscience and Medical Systems Department 
• Westinghouse Medical Products Engineering 
• Allegheny General Hospital 

13. Planning 

• Westinghouse Health Systems 
• Westinghouse R&D Center 

14. Radiology 

• Westinghouse Health Systems 
• North Hills Passavant Hospital,  Pittsburgh 

15. Sterilization 

• Sybron Corporation - The Castle Company 

16. Ward Management 

• Westinghouse Health Systems 
• University of Pittsburgh,  School of Nursing 
• University of Michigan,  Program in Hospital Administration 

• 
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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 planning 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 demand 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: 

I.   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 

1^000.    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 medically 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 training in general medicine; 

from 120 to 200 hours of trauma, minor surgery, and field 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. 
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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 estinuted 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 health 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 

Association'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 w** established to 

clarify the roles of the physician's assistant, the educational levels desired, 

and the need for certification, licensure, or changes in medical practice acts. 

The major training programs for pli) Jician'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 Ohio State University.   Additional programs arc 

in preparation at the University of Kentucky School of Allied Health Professions, 

the Brooklyn-Cumberland Medical Center, Oklahoma Stnte University, and the 

University of Colorado. 
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If these prourunus ure aecepttH* by the medical profession, individual 

physieians» the states, ami 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 

career in the health professions.   State medical practice and insurance laws 

will have to be reevaluated and altered, but the proponents t f the physician's 

assistant concept believe that once the benefits arc demonstrated, the changes 

will be made. 

Another method of increasing physician efficiency is to relieve 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- 
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grams foi a new record format which he believes 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-art 

report on multiphasic testing and is mentioned here because it aids 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 wtdch have proven useful in both diagnosis and treatment.   Algorithms, 

whether flow charted or not, enable less skilled personnel to guide the 

initial phases of diagnostic management of symptomatic patients. 



Attempts arc being made to develop total hospital information Systems 

in order to improve the traditional techniques of storing and transmitting 

medical data which arc not only inefficient 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 only problem.   The Health Manpower Commission has 

declared that "if additional personnel are employed It. the manner and within 

the present patteras and 'systems' of medical care, they will not avert, or 

perhaps not even alleviate the crisis.   Unless we improve the system through 

which health care is provided, care will continue to become less satisfactory." 

Extensive changes ir ast be made In the health care system to eliminate 

the financial distortion and managerial redundancies.   Costs could hi- 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. 

Another 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 tailored 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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EmcrKoncy r(K)ms, however, are becoming extremely overcrowded, 

and group practices with or without prepaid health plans are being started to 

accommiHlate the patient overflow.   The Mayo Clinic, the Lahey Clinic, and 

the Ochmer Clinic are perhaps the best known of these.   Smaller groups, but 

serving their communities well, include the Gelslngcr Medical Center In 

Danville, Pennsylvania, and the Trover Clinic In Madlsonville, Kentucky. 

To provide improved and specialized services, some physicians are 

moving towards a hospital-based practice since medical technologists and 

specialists are 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 segmcnts,prepald medical care 

delivery systems are being Implemented.   The Kaiser-Permanente plan, for 

example, presently serves over two million subscribers treated at outpatient 

centers, clinics, and hospitals In California, Oregon, Washington, and Hawaii, 

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 each 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-physlclan employees.   With the 

prepaid care delivery systems, the usual economics of medlclue are reversed 

by rewarding the doctors for subscribers* good health. 

Many hospitals are planning ambulatory care centers similar to those of 

the Kaiser-Permanente plans since the major portion 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 believed 

I 
I 
I 
I 
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that independent ambulatory care centers ean be more quickly implemented 

(within three years at the community level) and have an Inherently greater 

potential for replication (a national impact in ten years) at lower costs am! 

with less disruption than a system desiRm-d for inpatk-nt services.   The- ultimate 

goal, however, is to develop technological drvlees ami Mthodi that will have- 

sufficient flexibility to be appliciiblt- to both inpatirnt and outpatient services. 

Another means of improvinß health care is to apply industrial engineer- 

ing methods and systems analysis U'chniques to health pr«»blems, espeeially 

those relating to the use of the physician's time and allocation (if space.   The 

Children's Bureau of IIKW,     (or example, initiate«! a systems analvsis of 

Johns Hopkins Hospital in I9(i7.   This program is discussed below in the 

pediatrics section. 

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 because the distinction between the two 

is not well deflned.   The practice of medicine adopts new developments at a 

rather slow pace, demanding that all technologies, pharmaceuticals, and con- 

cepts be tried, tested, and found true.   Consequently, some state-of-the-art 

developments are 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 I^evel Health Care System.   We further llmilmi 

our discussion to those medical disciplines that show     finite promise of 

Implementing new technologies in the next ten years.   These disciplines 

Include: preventive medicine, cardlo-vascular disease, pediatrics, endocrincs, 

psychiatry, general surgery, and »bstetries. 
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TKCHNICAL APPKOACH 

Infurmatlon for th«.' state-of-the-art survey of general medicine was 

obtained by personal interviews with health care personnel 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 Pibllc Health, University of Pittsburgh 

Johns Hopkins School of Hygiene 

School of Nursing, University of Pittsburgh 

Allied Health Science School, State University of Georgia 

Also Interviewed were individual physicians In private practice, as well 

as physicians associated with the following hospitals: 

Oakland Veterans Administration Hospital, Pittsburgh 

Orady Memorial Hospital, Atlanta 

Georgia Mental Health Institute 

Atlanta OEO Clinic 

Some of the health care professionals Interviewed were: 

F. J. L. Blaslngame, M.D., Consultant, Chicago, Illinois 

A. Bellet, 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. Bronstcin, M. D., Medical College of Georgia, Augusta, Georgia 

U. 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, Pittsburgh, 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 

i                                             H. J. Kroeger, M. D., University of Pittsburgh, Pittsburgh, Pa. 

G. C. Lawrence, M. D., Atlanta OEO Clinic, Atlanta, Georgia 

i J. W. Love, M. D., The Johns Hopkins University, Baltimore, Md. 

F. D. W. Lukens, M.D., U.S. Veterans Administration Hospital, 

I Pittsburgh, Pa. 

E. J. McCrciie, M. D., Medical College of Georgia, Augusta, Georgia 

|                                           W. Moretz, il.D., Medical College of Georgia, Augusta, Georgia 

I. Ramey, Ph. O., University of Pittsburgh, Pittsburgh, Pa. 

C. Rumble, M.D., University of Pittsburgh,-and private practice 

Pirtsburgh, Pa. 

E. Saltz, M.D., University of Pittsburgh, Pittsburgh, Pa. 

B. S, Scbifrin, M.D,, Harvard Medical School, Boston, Massachusetts 

W. A. Scoggin, M. D., Medical College of Georgia, 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, Baltimore, Md. 

P. D. Webster, M.D , 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. Zimblcr, M.D., Harvard Medical School, Boston, Massachusetts 

A number of periodicals, journals, and books were reviewed.   Those 

from which material was obtained are listed in the bibliography at the end of 

this section. 
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STATE OF THE AKT — 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 

Shriners1 Bum Institute at the University of Cincinnati. 

4. During the igTO'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. 

Improved inactivated vaccines are likely to be available in 

the early IQTO's and safe attenuated vaccines by 1980. 

6. Since flu vaccine will often not contain the appropriate non- 

.• 
resident strains of virus, prophylactic chemotherapy may also 

be employed 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 experimental antibiotic, f 

rifampin, belog tested at the University of Florida, has proved to be effective 

as a prophylactic agent in meningococci carriers.   It is also being clinically • 

evaluated as an antituberculaus and antigonorrhea agent. 

A new drug, Hycanthon, is a potential preventive against schistosomiasis, 

a disease second only to malaria in global morbidity. 

More research 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 igSCVs.   Progress is likely to come in two 

main stages.   First, by the mid-lQTO's we will have a better understanding of 

the natural history of chronic infections.   More prompt and precise use of 

currently available 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*8.   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, e.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, antibiotics will Increasingly be 

used In association with antibiograms.   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 future.   The 
- 

military is ahead of the civilian sector in this area, 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 parameters, 

Multiphasic testing of patients 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 

3-13 

i 

1 



I 

■iiorU'iUMl sinn- ft'WiT athtitional U*t» will nt'itl to be ivqui'stiHl after the first 

sot of tests is nvli-wmJ. 

Results from multiphasle testing are more accurate than sereening results, 

since additional information is known about the patient and. if there are any 

questions, he is available for a second tietermination. 

Dranching computer proKrams in conjunction with automated laboratory 

equipment wil permit the performance of a second test or a series of tests as 

a result of an abnormal finding by the initiui 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 Disease 

Abnormalities of blotni liplds, high blood pressure, diabetes, obesity and 

cigarette smoking are considered important contributors to coronary heart 

disease.   Other suggested risk factors which arc less amenable to control are 

lack of exercise, an inherited tendency to the disease, and stress. 

Great emphasis has been placed upon blood lipid levels, especially those 

of choh 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 lipoprotcins 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, a screening 

process will be used to identify abnormal blood levels In young adults and 

children.   Safe and effective medications are available for prophylaxis of 

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 

diseases of limb arteries is already established.   The value of anti-diabetic 

tn-atment in preventing these diseases from developinK in border-line diobetk-K 

is now being clinically tested.   Once proof is available, widespread preventivt- 

measures can be undertaken, including the screening for mild and pre-diabetics 

as well as the institution of individualized treatment regimens. 

Obesity is already 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 . J7S, 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 available 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 some hours against the dangerous dis- 

tuibances of the heart's rhythm. 
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:i.     The L.ill • •> iliaätulic i^m. ntati..n sv sti m, which is being ciinically j 

tt-8tcd. Is »NjuiUil Ui be un effective aid in coronary attacks and 

eardiugenic shmk.    The ballixn is inserted Into the femoral artery 

throuuh a snu',1 incision and threaded up to the aorta.   IX'pending 

«m thv   t; ii.d trtitn ihv electrocardiogram, the balloon is inflated 

with carbon dioxide .mil deflated at appropriate times tiuring 

the pressure |»ulse to increase the mean pressure.   If proved 

effective, this mechanism will be available by 1975. 

4.     A recently developed method employs ultrasonics to measun. the 

precise interior ventricular dimensions at end-systole and end- 

«lisat..I. |K>rmitting the exact calculation of the stroke volume. i 

This value plus the heart rate can be used to calculate cardiac 

output.   This ultrasonic method for determining cardiac output Is j 

simpler, cheaper, less traumatic, and probably no less accurate 

than standard methmls, such as the Pick, the dye-dllutlon, and 

the anglogram techniques.   Acceptance or rejection of this method 

by the scientific and medical community should be forthcoming by 

1975. 

5. In regard to angina pectoris, a condition allied to coronary | 

thrombosis, long acting preparations, such as sustained release 

nltmglycerlne-llke compounds, are now being used to Increase                                   | 

the blood supply to the heart muscle.   More effective ones should 

be available by 1975, such as compounds which prevent anginal i 

attacks without depressing the cardiac muscle. 

6. The Identification of trace metals and other mlcronutrients whose I 

absence may be responsible for vascular damage Is a promising 

area for research.   Development of sensitive quantitative tests I 

for these substances should be available by 1975, and replacement 

therapy should be available by 1980. | 
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Pediatrics 

i 

• 

* 

In the last decade the most significant developments in pediatrics have 

been: 

• The children's anc youths' programs of the Children's Bureau 

• The attack on viral diseases through vaccines such as those 

against measles and rubella 

• The Increasing realization that the plicenta is not a pro- 

tective barrier and that the developing fetus may be influ- 

enced by a number of factors such as drugs and maternal 

health 

• The development of fetal and maternal monitoring devices in 

labor and delivery 

• The recognition of a new suhspecialty, neonatology, concerned 

with the critical period of neonatal homeostasis 

• The development of pedlatric 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 

this 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 In- ivquiml to cart' for tht-se thildron.   Sine«», liowcver, only 

about 12,«M)ü physicians will enter pediatric practice by 19HO, the only practical 

solution is to imivase the p'-diatrician's efficiency.   His training;, skills and 

talents should be employed i»nly vht re they are i-s«ential, 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 is uow 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-physlclan experts who can 

identify 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 being 

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 diseases and their effects on the fetuses of the next generations. 
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5. Drugs, infections, and other (actors such as radiation which 

influence the developing fetus will be better understood through advances in 

prenatal diagnosis, and more immature infants and newborns will be saved by 

improved surgical techniques and Instrumentation.   However, if abnormalities 

are due to chromosomal observations resulting in genetic dam;     , increased 

fetal salvage could contribute to a rising incidence of congenital malformations 

in the nemate.   Continued developments in organ and tissue transplants, however, 

may result in a better salvage rate of infants and children with serious congenital 

ab normalcies. 

6. Increasing knowledge of genetic transmission of disease, chromosomes, 

and nucleic acid biochemistry, especially 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 amnloccntesls will improve and become more widespread. 

Improved diagnosis of metabolic and chromosome disorders in utero may prevent 

many neurological disorders associated with metabolic defects.   Indeed, 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 

Immunologie defects and artificial introduction of genetic Information into the 

cells of indlvMluals with Inborn metabolism errors and other gemetic disorders. 

Early Intrauterine diagnosis will become even more Important as more states 

liberalize or repeal ex!itlng 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 compared 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, chronically ill, 

or retarded children; drastically reduces th; cost of hospitalizing children both 
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for the p.in-nt. and the liMspital: and provides an opportunity for medical trainees 

to observe youn^ iKirents In u more realistic setting — almost a "home" environment. 

In addition, the patient and (tarents benefit, since the more parent participation, 

the less emotional trauma. 

8. The computer 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 each child and record birth defects, 

illnesses, immunizations, operations, ami so forth.   Hecords 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 characteristics, 

drug-addiction characteristics, and special diseases which are more relevant to 

or frequent at this age. 

Endocrlnes 

Very ■ensitlvc 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 

distuibanccs, leading to understanding and significant progress in their control. 

Some specific developments should be that: 

1«    Diabetes should be completely controltad by oral agents by 19TS. 

2. Treatment of thy rotoxicosis and ovarlAn disease will be simplified. 

3. Atherosclerosis^ which some consider to be a disease largely of 

endocrine origin, may be controlled by 1980. 

4. Protein hormones presently arc natural products and are, therefore, 

expensive.   By 1980 Improved peptide synthesis techniques should 

make these hormones generally available at economic prices. 
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Psychiatry 

During the next 10 years over-population and the spread of technology will 

probably increase both anxiety states and neurotic depressive states in the 

general population.   To cope with the expected increased demand for improved 

mental hoalth care, the trend is to implement "community" psychiatric techniques, 

to use more paramedical personnel, and to develop drugs to aid in diagnosis 

and treatment. 

Community or Front Line Psychiatry 

Communhy psychiatry, wherein the psychiatrist attempts to correct 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 

health centers with departments of mental health. 

Isychiatrists now feel that treatment for these problems should be given as 

outpatient care where the patient remains in his customary surroundings, with 

his friends and other usual contact points.   This trend will emphasize less bed 

care and more community type counseling.   Although ten percent of a general 

hospital's beds are usually devoted to psychiatry, during the next five to ten 

years this should be reduced to only five 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 oatient's officers and fellow soldiers. 

There Is a growing recognition that all patients have some psychological or 

psychiatric problems; there fore, patients — 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 treatment will be used 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 years 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 aid 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 antldepressants of the types presently available 

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 associated with environmental 

and personality factors. 

• Lithium salts are being used today in regulating some psychoses, 

but the dosage control requirements are so strict as to almost 

preclude their use. 

• Progress towards specific medication for schizophrenia will be 

slower.   While there will be long acting (sustained release) 
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compounds of existing materials, truly specific medicines will 

not appear in the next decade. 

• In the organic psychoses, the control and prevention of dementia 

will definitely progrnss 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 

f 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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Laser Laboratory at the Cincinnati Children's Hospital and blomedlcal 

scientists at the University of Utah are doing extensive research on the use 

of the laser technique. 

2. The development of an open pore fiber titanium composite, which can 

be 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 Japanese models, have been used clinically 

for vascular and Intestinal anastomosis and various types of resectional surgery 

Including pulmonary surgery.   There are problems associated 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 augmentation system, which is currently being 

clinically evaluated by the National Heart Institute, aids a foiling 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 that it results from an endocrine deficiency.   If this diagnosis is 

correct, the need to correct peptic ulcer disease by surgery vVill 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 15 million people undergoing surgery.   These post- 

operative infections result in increased   mortality, morbidity, and economic 

loss, and often double the length of hospitalizatlon required.   Although many 

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

. 
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Sun;Ual Kquipmont 

The surKicai monitoring insti-uments which are on the horizon continuously 

measuri- trltital physiologic phenomena, such as the oxygen level of the blood, 

or pattial pressure of oxygen; carbon dioxide level in the blood; pll or acidity 

of the blood; cardiac output; the volume of circulating blood; and blood pressure. 

Small dedicated computers 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 consunud 

by heart surgery, engineers arc working on now types of oxygenator membranes 

that can transfer enough oxygen and carbon dioxide to sustain life for longer 

periods, especially during post-operative care.   The biggest development in this 

field is the prevention of toxic denaturation as the blood is being oxygenated, a 

phenomenon caused by direct contact between blood and the gas.   An additional 

research device is the heart-lung machine, which is tar from a fully developed 

device. 

Continous monitoring, which Is more likely to enable early  identincatlon 

of trends and permit Immediate corrective actlca to be taken, will be used more 

often than Intermittent monitoring.   It is for better to watch a continuous monitor 

and spot a falling p02 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 fiber 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 field. 

Disposable goods, which eliminate the need for laundering. Instrument 

cleaning, and sterilization, 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 hospital 

supplies and equipment.   A wide variety of single use items for surgical areas 

are avaiiablt-, such as: 

a. Sterile operating gowns, caps, £*ce masks, ami conductive 

foot covers 

b. Basic operating room packs, containing such things as outcrwrap, 

table cover. Mayo Stand cover, operating room towels, and utility 

drapes, which may be used in combination with drapes adapted to 

specific procedures:   mastectomy, laparotomy, cystoseopy, lithotomy, 

obstetrics 

c. Tapes, dressings, incise drapes, prep razors, pads, and underpads. 

Surgical Suite 

Although the American Hospital Association design check list (1965) identifies 

161 items to be considered in designing an operating room suite, the ideal suite 

has not yet been built.   However, the Hill-Burton program office 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 should 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 will 

be markedly Improved during the next few years.   Television cameras with 

full tilt, zoom capability, and remote control are now being incorporated in 

the overhead surgical light to enable remote "iewing of operations. Audio is 
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als«» IncorporaUtl so that Mtfcon can (k-sirUu« th«- pn^ctMlurc.   The number uf 

studi-nt.s :in«l physicians who can iJjservo surgical prtKH'thires Is no lonni-r limited 

to the few who can "look over the surueon's shoulder." 

As ■ result of recently developed maunetie video disc systems, hijjh 

quality inumt-s ean be ealltnl up by an easily operatetl aeeess syst«'m ami displayed 

on a monitor in tht- surKery area.   Kadio^raphs, latioratory results, and other 

information are instantaneoui ly available, and an ima^e of a frozen section of a 

pathologkal specimen could be transmitted to the operating n»om from the 

patholoKist'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 celling 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 

virtually 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 hospital!zation.   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 

3-28 

I 

I 



I 
I 
I 
( 

I 

I 

1973 substantial improvements in short-acting anesthetics may lead to recorery 

as abrupt as waking from ordinary sleep.   After 1975 chemical methods should 

be replaced largely by electrical anesthesia  which should reduce surgical 

shock and other complications of surgery. 

This year, two anesthesiologists in Phoenix, Arizona, have extended the 

concept of outpatient surgery by building a   Surgieenter   which provides 

surgical services in a building totally detached from a hospital and without, in 

fact, any sponsoring parent hospital.   The abjective is to provide streamlined, 

efficient medic?,' can*. 

The Surgicenter is a one story building approximately 90 x 65 feet and 

housing 4 operating rooms, a 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 patients 

and which surgical procedures are suitable for the center.   Physicians, both 

surgeons and anesthesiologists, are allowed to do procedures at the Surgkenter 

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 a responsible adult.   Patients, who 

must be the best possible anesthetic risks, are examined, 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 agreements 

have been negotiated with local hospitals in case a patient unexpectedly requires 

hospitalizatlon. 
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IAH! K   1:     PKOCKDIKKS PKUIOHMKI) AT Sl'KGICKNTER 

• 

INTKCIMKNIAKN HKSIMUA IWY 

KxiMSion t>f nkin,  suhcuuineous 
tissue or mucouH mombrane for 
hiopsv 
Avulsion «f nail 
Split »kin graft» 
Full ihukm-ss »kin grafts 
Abrasion of »kin 
Change ilri-ssmus or remove «iUche» 
Klectro-»urgieal destruction 
Hiapsy of breast 
Kxcision cyst or tumor 
Mammoplasty,  augmentation 

^tAL^: GENITAL SYSTEM 

Dorsal slit 
Biopsy of penis 
Circumcision,  infant 
Circumcision, adnlt 
Testicular biopsy, needle 
Testlcular biopsy,  inclsional 
Biopsy of epididymls, 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 
Hy ste rosalplngogra m 

HiopHv,  sou tissue,  nose 
Kxcision of nasal polypfs) 
Submucous resection 
Uhinoplasty 
Antral lavage or puncture 

' l-arvngoscopv 
Laryngoscopy with F. B.   removal 
Tracheotomy 

' Bronehoscopy 
BronchoHcopy with biopsy 
Bronehoscopy with injection of 

■ contrast media 
Closure of tracheostomy 

w 

DIGESTIVE 

Lip peel (Vermtlionectomy) 
Ksophagoscopy 
Ksopl ugoscopy with biopsy 
Ksophagoscopy with F.B.  removal 
Gastroscupy 
Gastroscopy with biopsy 
P roc tos Igmoidoscopy 
Above with biopsy 
Above with removal of polyp 
Endoscopic removal of F.B. 
Enucleation or excision of 
external thrombotic hemorrhoid 

URINARY SYSTEM 

Renal biopsy, trochar or needle 
Transurethral resection, veslcal 
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 PKHFORMEI) AT SrKGICKNTKK - (Cont'd» 

IIUNAHY SYSTKM - (Cont'd) NKHVOIS SYSTKM 

Cvsloscopx- '.vilh removal of foreign 
both- fron» urethra or bladder 
Meatotomv 
Irethroseopy 
Dilation of urethral s»rieture 

Sulnlural tap through fontanelle 
(Infant) 
Spinal puneture, diagnontic,  initial, 
with   iiuih of hvdrodvnamicK 
Injection proc-eduix; for myeloßraphv 
Nerve blocks 
Neurograi>hy and neuro|>lastlc8 

MUSCUUiSKKLKTAL 

Biopsy of bone marrow pyj.; 
lUduction nasal fracture, open 
Reduction nasa   fracture,  closed 
Reduction fracture of mandible, 
closed, with wiring 
(and similar»: - Closed reduction 
of simple fracture of shaft with 
cast and X-rav 
(and similar» :-Arthrotomy and/or 
synovectoir.y of finger and other 
small joints 
Closed reduction, dislocation 
shoulder 
Incl Uon of fibrous sheath of tendon 
»c-   »tenosing tenosynovitis,  including 
freeing of tendons or removal of 
foreign body 
Tenotomies 
Fasciotomies and fasciectomies 
Tendon repair and tenolysis 

EAR 

Biopsy of ear 
Otoscopy with or without removal 
of foreign body in external 
auditory canal 
Otoplasty, of cartilage 
Myringotomy with or without 
insertion of poly tubes 
Myringoplasty 
Tympanoplasty without 
mastoidectomy 

Gonioscopy, adult or infant 
Fundoscopic 
(toniotomy 
Secondary- implantation of 
integrated implant 
K.eratotomy 
Paracentesis 
Removal of foreign body from 
surface of cornea 
Pterygium 
Sclerotomy 
Irrigation and/or air injection 
into anterior chamber 
Excision of lesion of iris 
Iridectomy 
Extraction of lens 
Reattachmcnt of retina 
Any type of muscle operation 
(hala/ion 
Kctropion repair 
Suture of conjuctiva 
Biopsy of conjuctiva 
Excision of cyst 
Excision of lacrimal gland 
Excision of lacrimal sac 
Catheterization of nasolacrimal 
duct with implantation of tube 
or stent 
Dilation of punctum 
Probing of nasolacrimal duct 
Probing ami/or irrigation of 
canal iculus 



The SufuittnUr patient is thanii'tl a single, all-intiusivt- fee raiminu frum 

$<iü for tht- simplist pruetnlun'S to SKJ.'i for thi- more involved procedures.   These 

figures represent ap|)roximutely a jo percent reduction in |iast hospital thanje'". 

A list of procetlurea appears in Table I. 

(»b.stetries 

Sonie developments in the initial stages in obstetrics will un- 

doubtedly exert Increasing influenees during the next several years,  including 

fetal monitoring in labor,  the analysis of amniotic fluid aliquots during 

pregnanev,  and indirect tests to ascertain placental function. 

Fetal monitoring, whiih is being instituted in more and nore 

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 blood 

gases.    The fetal heart rate pattom is influenced in specific ways by 

anoxia and pH imbalance.    Changes in these parameters alert the staff to 

perlor u 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 controUed 

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 imnagc 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- 

invasive 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 procerlure 

called abdominal amniocentesis.    Amniotic fluid and its solutes are in 

dynamic equiltbnum with both mother and fetus; the concentrations of 

various constituents such as creatinine and bilirubin provide information 

hitherto unattainable 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 placenta 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 f» emical 

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 und rubella and 

sens it iz at ion to rhesus lactor.    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 

aad 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 

departments 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? 

G.     What is the most effective way of providing administration with 
a 

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? i 

8. How can stat procedures and transmittal 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? 

IS.    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 improvement alternatives in 

the various clinical departments are detailed.    The advanced technology 

section includes concepts or techniques that are in the research and 

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

In conducting the state-of-the-art study of clinical laboratories,  we 

first reviewed pertinent articles appearing over the last five years 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 cf Medical Instrumentation, 
Boston,  Massachusetts,  March 1970. 

High Resolution Analysis Symposium, Oakridge, Tennessee, 
March 12-13, 19T0. 

Physidogfcal Society for the Federation of American Societies 
for Experimental Biology,  Atlantic City,  New Jersey,  April 12, 
1970. 
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Nineteenth Annual Research Kquipmcnt Exhibit and Instrument 
Symposium,   U.S.   Ik'partmont of Health Education and Welfare, 
National Instituti- of Ht-aith,   Bethesda,   Maryland,  October 0-9, 
19G9. 

Thirty-eighth Annual Convention of the American Society of 
American 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 associated with the test cycle and 

to speed communication through advanced computer techniques. 

2. To use automated 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 Interference» 

7. To establish standard test methodologies and normal ranges for 

the constituents analyzed so that the values will be standardized 

fort all 'laboratories» 

8. To use clinical laboratory tests for screening hospital admissions, 

9. To use small dedicated computers with manual and automated 

Input facilities to perform many of the calculations required for 

automated and non-automated equipment. 
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During the past ten years the number of available laboratory tests 

has increased from 12 to approximately 100.     Moreover,  the tendency to 

use batteries of clinical tests as screening procedures for hospital ad- 

missions and the possibiiity of using multiphasic screening for annual 

patient check-ups have greatly increased the number of i-outine laboratory 

tests. Since the physician dictates the laboratory load,   his changing 

attitude has been largely responsible for laboratory growth during recent 

years.    An increased emphasis on laboratory sciences  by the medical 

schools has encouraged clinicians to seek more laboratory consultation. 

This tremendous increase in work load is forcing many laboratories 

to install automated equipment to process the requested tests.     In evalua- 

ting automated devices,  criteria such as speed,  specificity or quality of 

test results,  or a memory that can be interrogated or updated should be 

considered.     The trends in clinical laboratories defined by specific depart- 

ments are as follows: 

Urine Analysis 

Automation in the routine urine analysis laboratory is practically 

non-existent for two reasons.    First, urine is a heterogeneous solution 

containing metabolic end products whose concentrations vary with time of 

day,  age,  sex.    According to available information,  variations occur over 

a wide range even in normal individuals.    It is generally felt that semi- 

quantitative methods have been adequate for the detection of protein,   sugar, 

ketones, bile,   specific gravity,  and pH.     Second,  it is difficult to produce 

an automated system with greater speed than that offered by conventional 

quick indicator dip sticks. 

A considerable amount of interest is being shown in the recently 

introduced, relatively  inexpensive but extremely time-consuming procedure 
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ol hi^h resolutiofi liciuid chromitognipliy used to analyze metabolltea of 

urlae.     Suvh analysis appears to product' Lmpoitaal (Ua^nostic and pro^nos- 

tic  Informatloa«      Tliis approach with fuithor rcfinemont in resolution and 

automated data lundiinu, will l)t' used as a ■creeniBg tool. 

Bacteriolosy  H 

Next to urine analysis,  bacteriology is probably the least automated 

elinieul lalnnatory area.     However,   automation is being attempted primarily 

in three areas:  (1) itlentification of bacteria by serological  reactions with 
■ 

known antigens,    (2) identification of bacteria species and type by the use 

of serological reactions and (3) counting bacteria colonies by light 

scattering techniques.     The AMICO Counter,   American Instrument Company, 

employs the third technique and can be used only for the quantitation of 

bacteria in a fluid and the evaluation of antibiotic effects on the growth of 

bacteria.     Manufacturers claim it can also decrease the test turnaround 

time by eight to ten hours. 

Serology 

High volume tests in serology have been automated by Technicon. 

The Technicon instrument is reasonably well known but has had some 

early unfavorable performance field reports.     More extensive field experi- 

ence will be needed to fully evaluate its performance.    The activities 

performed by the instrument are mainly those of cell 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 serologist to examine. 

Chemistry 

The chemistry department enjoys the greatest amount of automation 

and mechanization—up to 95 percent of the workload can be partially auto- 

mated.     In general, the automated or mechanized systems in the clinical 

laboratory utilize a spectrophotometric readout of a color complex, 

produced by reaction of various substances in the serum or plasma with 
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organic  reagents.     Three basic approaches are taken to the automation of 

analytical procedures in this area: 

(1) the continuous flow system, 

(2) discrete sample analysis, 

(3) the parallel chemistry concept,   which analyzes discrete samples 
but performs up to 90 tests 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 sequence 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 exceptions,   such as ACA and Dupont,  they do not,  however,   have 

automated sample identification systems.     Therefore',  sample identification 

is also dependent on position of the specimen. 

A major drawback for most manual and automated clinical techniques 

is thy lack of specificity for the particular compound being analyzed.     Up 

to fifteen per cent of some test results are due to substances other 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 analyze 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 rate 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. 

(b) The Mark X Discrete Sample Analyzer manufactured by Hycel 
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Company can perform trn timultaaeotifl tests or can be apentod uilBf only 

:i ■ingle ihanncl uithuut .utivatJn^ or disturbing thi- ot/icrs.     From a 

(Icsiijn coBtidenMUoa this instrunirnt appesn to meet the oeedi of a 

hospiUU ei^aged in profiiie testing as well as discrete sainplr analysis. 

(c) The DSA-560,  Beckman Instrument C"ompan\, is tbe most 

pofNllar discrete sample analyzer,    its major contribution to the smaller 

laboratories is that the selection of tests and methodologies available 

enable a larger percentage 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 tests on a daily 

basis.    Its major disadvantages are that It is a four-channel analyzer 

and has a relatively long test turnaround time. 

(d) The C-4 Automated Chemistry Anilyzcr,  Perkin-Elmer Company, 

is similar to the DSA-5<)0 produced by Beckman Instruments with the 

exception that the sample holders or channels are located around the disc's 

periphery instead of attached to a rotating horizontal belt.    This extremely 

versatile instrument can potentially perform a larger variety of laboratory 

tests than any of the systems on the market.    It is a relative newcomer 

and field test information has not been released. 

(c)    The GeMSAC  Concept has been used by Union Carbide,  Electro- 

Nucleonics,   Inc.,  and American Instrument Company.    This approach to 

automated clinical laboratory test analysis is one of the most significant 

breakthroughs in the last decade and provides monitoring of chemistry 

reactions from zero time until the reaction is completed.    The test results 

are displayed on an oscilloscope which can be used to monitor the reactions, 

to compare tests' rate reactions on unknown samples with those of quality 

control samples, and also to serve as a multiple point-in-time analyzer 

for determining enzyme reaction rates.    This concept appeals to have the 

greatest potential of any of the discrete sample analyzers for high speed 

test analysis and continuous monitoring of enzyme reactions.    This becomes 
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even more important since enzymes oiler the potentiai for inereasinj; test 

specificity and decreasing turnaround time. 

(f) The DuPont Analyzer,   whieli has  received a minimum amount of 

field testing and evaluation,  appears to be the most accurate and reproduc- 

ible and possibly the most specific test analyzer on the market.     ft 

utilizes gel chromatography and ion-exchange columns to  remove interfering 

substances from serum before initiating the chemical  reactions.     This 

instrument provides positive patient specimen identification from the test 

request to the hard copy test results.     Moreover,   any number of samples 

can be analyzed in any sequence. 

(g) The Technicon  Autoanalyzer II is a two channel, flow-through, low 

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 

onzyme tests.   It can perform 120 to 600 tests per hour, depending upon test 

complexity. 
i 

(j)    Ames/BMI blood 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. 

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

hour using a single wavelength spectrophotometer. 
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Techaicon luis automated one of the major activities i>f the blood 

hank, namely, blood typing an»i crou-matchlng«    It is ctaptble i>f high 

volume pntcessing and is therefore used primarily in large bluod donor 

craters.    The Introduction <>f automated cell washing instruments have 

decreased the processing time and standardized the Coombs test.    Next 

tu the automatod fell typer,   it is the must automated instrument seen in 

most small and medium sized hospital laboratories. 

Improved comnutaicstloo systems can make a slgnlflcaat impact on 

the time  required tor blood bank inventory by decreasing clerical 

activities assoeiated with the inventory and the area where blood is 

utilized. 

With the exception of several mechanized cytology slide standards, 

this area has little automation.    However,  a considerable amount of effort 

is being focused on automated smear reading for screening slides con- 

taining suspicious cells indicative of cervical cancer.    For this task, 

companies such as  Perkin-Elmer,   Upjohn,  and a group of Boston 

researchers are developing computer 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 count.   Several manufacturers produce instrumentation 

which automates these tasks.   The Coulter Counter Model FN uses a single 

channel particle counter, while Model S uses a seven channel device.   Both have 

capabllUlea for determining particle sizes.   Another single channel automated 

blood cell counter, the Autocytometcr, is manufactured by Fisher.   The seven 

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

counting plus other blood determinations, such as hematocrit 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 tailored 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 bo rapidly transported from the satellite to a central 

processing station.    The quality of testing by the satellite laboratories 

will be monitored by the central laboratory, while the central laboratory 

will be monitored by a more remote reference laboratory. 

With regard to laboratory layout,  more attention will be paid to 

sample flow patterns and to positioning the analytical modules and accessories 

to minimi/e operator travel time and maximize space utilization. 

The following are some analytical techniques which should be in 

use by 1980: 

1. Chromatographie techniques will be routinely available 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.    O.isequently, 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 samp'ies and their locations, 

instrument operation, result reporting, filing, and billing.    The physician 

will b i able to interrogate the computer for test results, summaries of 

laboratory 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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5.    New techniques for collecting blood samples and transporting 

them to the laboratory must be developed before laboratory costs can be 

reduced.    Sample collection usually costs as muuh as sample analysis, 

and In some cases, costs twice as much as analysis.   The major portion 

of sample collection cost accrues from technician travel, i.e., to and 

from the laboratory,  locating the requicltion and the patient. 

G.    Whole blood may be loaded unto an analyzer that automatically 

p »parates the cellular components from tiie liquid portion and their proceeds 

and performs the requested test on   he appropriate fraction.    Mass spec- 

trograpbs, gas Chromatograph», and Infrared spectrometers, common 

analytical tools of industrial laboratories, will find Increasing application 

as integral parts of such systems. 

7. Advanced technology, such as that being 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 years.    By these techniques, ultra-micro concentrations of trace 

metals such as zinc, magnesium, and cobalt may be measured within a 

single cell.    II is anticipated 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.    Physicians 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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COMMI'NIIA TIONS   ANO   DATA    MANACiKMKNT 

[NTHODrC'TION 

Thi' pinpnsr of i-ommunlcations and data management Is to transmit, 

receive,  store,  process, and display tiata useful to hospital personnel.    As 

the Idndlnn functions,  they are critical to system operations and significantly 

affeet system planning,  eonst ruction,  maintenance, and I raining. 

An averane of 25 percent of ■ 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  Hospital 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 efficiency 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.    AcfM)nlln«ly,  it expended u major effort to determine the eurrent 

methods of data storage,  retrieval, and communieation and the eurrent 

and projeeted hardware systems,  subsystems and eomponents.     The results 

of this effort are diseussed in the following; state-of-the-art Motion and are 

summarized in matrlecs which define the fquipment's operation,   features, 

and eosts.     It should he noted that costs presented in the matrix do not 

represent direct system or hardware quotes from the   manufacturer but 

rather estimated dollars needed to perform a given function.     The hard- 

ware and specific system details,   moreover,  are subject to change due to 

time and market constraints. 

The advanced technology section discusses concepts, hardware, or 

systems which are presently in the rcsoarch-and-development stage ami 

will not be on the market by 1972. 

TFCHNICAL APPROACH 

In inaugurating this statc-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 equipment was obtained from 

descriptive literature and/or discussions with company representatives.   In 

some cases, devices were evaluated by Health Systems Engineers in Pittsburgh. 

Some of the companies contacted are listed below: 

Dictaphone Corporation» Rye, New York 

Exenutone Incorporated, Long Island City, New York 

General Electric Corporation, Milwaukee, Wisconsin 

Hewlett Packard Company, Waltham, Massachusetts 

Zenith 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 Ihccrporated, New York, New York 
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Doctors Business Bureau, Philadelphia, Pennsylvania 

Honeym'U, Weliosley Mills, Massacliusetts 

Samat Systems, New York, New York 

Kilstan Company, Orange, California 

Central Bunk Computer Bureau, Oakland, California 

Automated Business Systems Division, Litton Industries, New Jersey 

Bio-Logics, Salt Lake City, Utah 

Bell Hospital Systems, Incorporated, Bridgeport, Connecticut 

Medical Systems Division, Lockheed Missile and Space Company, Sunnyvale , 

California 
Norclco Medical Division, Professional Products, New York, New York 

Sicmans-Reinigcr, Ag, Erlangen, Germany 

National Data Communications, Incorporated, Dallas, Texas 

Clime Visible Records, incorporated, Croget, Virginia 

Burroughs Corporation, Detroit, 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-MeJical Computer Science, Minneapolis, Minnesota 

Total Hospital Information System 

Control Data Corporation, Minneapolis, Minnesota 

Major computer manufacturing 

Diebold Corporation, Canton, Ohio 

Power Files 

3-60 



I 

I 

I 

Moslcr Information System, New York, New York 

Computer Control Microfilm Retrieval 

Mayo Clinic, Rochester, Minnesota 

Mechanized records systems 

Burroughs Corporation, Detroit, Michigan 

IBM Corporation, Washington, D. C. 

Automated Hospital Information Systems 

Medi-Data, Incorporated, Charlotte,   North Carolina 

Kaiser Foundation, Oakland, California 

Sanders Clini-Call under Development 

Automated 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 

Presbyterian 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 Instrument, Fullerton, California 

Patient Monitoring 

Texas Institute of Rehabilitation and Research, Houston, Texas 

Automated Patient Record System 

Tulane University, New Orleans, Louisiana 
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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. I.S 

Medical Electronics Division, Hewlett Packard, Waltham, Massachusetts 

Patient Monitoring Equipment 

Medidata Sciences, Incorporated, Waltham, Massachusetts 

Automated Multi-testing Facilitiep 

Health Auto-Data Incorporated, 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 documents 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 can improvements enable medical,   medical support,   adminis- 

trative,  and administrative support personnel to use their time 

more efficiently and effectively?     How can their routine clerical 

tasks be reduced or even eliminated? 

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 improved and monitored? 

5. How can the patient most easily and quickly communicate with 

the nurse? 

6. How can data files be organized,  enabling 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? 

9. 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? 

11. How can data management storage,   retrieval, and display tech- 

niques be improved to aid medical diagnoses? 

The general objective of the communication and data management 

function is to Increase facilities and personnel efficiency in order to 

decrease health care costs while improving or maintaining the current 

quality of care.    To accomplish this,  the general trends are: 
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1. To Improve the use of computer technology in every facet of 

preventive medicine and health care. 

2. To reduce clerical work by facilitating data input, retrievid, and 

display of patient and resource management data. 

3. To provide the capability for source data collection. 

4. To speed data transmission electronically. 

5. To increase data reliability and accuracy by employing electronic 

monitoring devices to identify data which varies from normal set 

parameters. 

(i.     To expand available statistical data to include diagnostic data 

useful in analyzing a patient's condition based on statistical 

norms. 

7. To accumulate reliable cost data per patient and per unit of 

work which can be used for budget comparisons. 

8. To maintain status records for each patient and available bed to 

aid admissions,   housekeeping,  and dietary activities. 

9. To establish national resource centers where specialized informa- 

tion can be stored and be readily available to hospitals equipped 

with proper communication devices. 

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

we have divided our discussion somewhat artdtrarily into communications 

and data management.    Communications indicates a direct point-to-point 

transfer of information.    Data management concerns information that under- 

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

computer.    In the advanced technology section, which deals with concepts, 

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

caiiom 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 telephone. 

Other communications components and improvement alternatives, 

more advanced because of new equipment,  concepts,  or uses,  can 

be broadly grouped into six categories: teletype,   intercom,  paging,  tele- 

writers and facsimile   equipment,   closed-circuit television,  aru'. microfilm. 

Coordination of information within the function and with other 

functions is a characteristic shared by all the improvement alternatives 

studied.     For example,  touch-tone telephones and teletypes can be used 

for data input; teletypes 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 flexibility. 

The following material gives a brief 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 between hospitals, 

between remote health care facilities and the hospital,  or within the 

hospital.    It la extremely uselul for data transfer when hard copy is 

needed to provide permanent records. 

More recently teletype has been ^sed as a remote computer 

terminal for data input to large time-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 activities. 

2. Intercom   improvement alternatives are available in a wide 

range of types and sizes,  all of which provide two-way communications 
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and can handle several simultaneous messages.     Intercoms,   used largely 

for private convex sations between patient and nurse,  can greatly increase 

the nurse's efficiency by reducing unnecessary travel between her station 

and the patient's bed.     Optional features include devices to store patient 

calls  received 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 intercoms can extend their 

usefulness to all hospital operations.    One option effectively ties in all 

internal telephone communications to eliminate 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. 

Radio paging transmits a coded signal to a miniature receiver 

carried by key personnel.     When the person is needed,  only his receiver 

gives a signal and he telephones a specific 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 instantaneously 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 

ninscriptions which the nurse must have filled; the kitchen can be 

3-66 



I 

I 

I 

J 

( 

I 

I 

notified of diet changes.    These documents must be filed with the patient's 

medical recr rds. 

Facsimile equipment can transmit any form of hard copy from one 

location to another.    The received data is an exact duplicate of the original. 

Facsimile senders can be used for transmitting hard copy data such as 

patient history,   status,  and diagnosis; requisitioning supplies; providing 

blueprints for i. üntenance; and updating manuals between a major medical 

facility and a satellite facility.     Some facsimile equipment requires coupling 

with data-phone sets; recent models include a telephone acoustic coupler, 

5.     Closed-circuit Television (CCTV) can be subdivided into minimum, 

medium,  and high performance improvement alternatives,  and improvement 

alternatives used for special applications. 

Minimum performance CCTV and videotape can be used for security 

surveillance because circuit design cannot produce more than a 4 MHg 

bandwidth.    Its use can eliminate most guard stations inside and outside of 

the hospital and allow one central guard to service the entire facility. 

Medium performance CCTV,  either color or black and white,   can be 

used for security and for monitoring patients in such areas as the ICU and 

CCU.     A television display for each 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.    When 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 levels.    Video tapes,  customized to each hospital's 

operating methods, can be made in-house for teaching repetitive 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 uses. 
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Isotope scans axn be transmitted [rom one location to another, \-ruvs can 

also be communicated to a remotely located radloIoKlst,  Intricate surgery 

In confined areas can be displayed tor physician tralnlngt 

Special application CCTV equipment Includes equipment such us the 

Westlnghousc Secondarj   Emission Conduction Camera Tube which is 100 

times more sensitive to light than the standard CCTV vidicon.    With 

minimal lighting,  this camera produces pictures equal in quality to those 

of a standard camera with proper lighting and is applicable for surveillance 

viewing and patiem monitoring in darkened areas. 

Another CCTV special application device is the video disk,   a metallic 

disk capable of magnetically recording still images,   storing,  and displaying 

them with higher resolution than conventional methods.     The disk's flexi- 

bility   allows it to record two pictures in a given sequence,  electronically 

subtract them,  and display only those portions needed; or It can highlight 

particular gray shadings for reliable X-ray Interpretation. 

The video disk has many Important uses In medical and medical 

support operations,  such as Improving picture fidelity for remote X-ray 

viewing, color pathology and bacteriology display,  and rapid data and pic- 

ture transmission from pathology or radiology to surgery, 

G.    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 capable 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 retrieval and transmission to a video 

screen,    in addition COM (Computer Output Microfilm) equipment permits 

today's computers to directly generate microfilm without creating paper 

copy. 

Microfilm can be used In all hospl   ', operations.    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 personnel can use it for main- 

taining records; and the administrator rim use it to store financial records. 

Retrieval and transmission of stored data can be manual or automatic 

depending upon the improvement alternative selected. 

J Video Pile has functions and uses Identical to microfilm,  but 

stores documents on video tape  rather than  16 mm film.     The document to 

j be stored is merely placed under a TV camera for l/lii second,   and 

electronically scanned and stored for very rapid  retrieval.    Optional hard 

[ copy prints arc available.    Data is stored in extremely hitfh density and 

space requirements are consequently reduced. 

| Options available for microfilm or video storage equipment allow 

data input from remotely located keyboards or cathode ray tube (CRT) 

terminals.    Another option allows data display on remote CRTs or Tele- 

types. 

*■ 

STATE OF THE ART—DATA MANAGEMENT 

Ail improvement alternatives considered include computers and com- 

puter-related hardware and software packages which, when coordinated, 

fulfill one or more data-management needs.    To facilitate this discussion, 

improvement alternatives have been categorized 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 used 

for medical diagnosis. 

3. Computerized Accounting—designed to assist administrative 

personnel maintain accurate and current cost data. 

4. Patient Data Information Network—transmits patient status data 

among selected hospital departments. 

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

the physician in diagnostic decision making. 
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1.     Mulli-iaiiyosr  Intnt-huspiUil C'upabllitios 

u.     National Data (.'unununicittions Co^t'i'ation's  Keal-time Kk-ctronle 

AC-CH-SS Connnunicatijns for Hospitals (HKACH) System is a totally integrated 

communication and data management network system which allows direct 

access to the computerized data base via a specially designed cathode ray 

tube (CRT). 
- 

A user identification card   in conjunction with twenty function 

keys located at the left of the CKT screen allows the physician,  nurse, 

or technician to select standard phrases which can be stored in the patient's 

record,    if required, a pharmacy label will simultaneously be printed In the 
■ ■ 

pharmacy.    Most medical or administrative data can be handled by the 

programmed statements that appear on the CRT screen.    Used In conjunction 

with a f tandard typewriter keyboard the function keys can enter Information 

such as pre-adnusslon 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 software Is proprietary to the National Data Communlca- 

tions Corporation and Is provided to a hospital as a utility, together with 

a complete operations and maintenance 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-mlcrofllm 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 communication net- 

work from remote terminals on a real-time basis.    MISP is designed for 

I DOS and OS and is programmed for both the IBM 360/20/30 series of 

computers and larger systems.    It is currently operating on Models 30, 

40 and 50.    Application programs such as the shared hospital accounting 

system are available from IBM and from the Hospital Information System 

I Sharing Group,  Inc.    The Sharing Group company is a nonprofit group of 

IBM Systom users that have agreed to exchange application programs and 

I experience. 

Data entry and output are primarily from IBM 1092/1093 programmed 

I keyboards and the 1052 typewriter.    Other input/output components of the 

IBM/MISP system pre the split screen optical image device which shows 

f 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- 
mm 

able and is in use at several 1c nations for admissions procedures and 

rapid file access applications. 

The goal of the MESP is to provide a framework which allows each 
- 

hospital to write programs and tailor the system to its individual needs. 
•J 

to combination with user programs,  MISP accepts doctor's orders tor 
•f 

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. 
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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 

are 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 facilities. 

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 iu 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 (R035) 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' concept 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 facility 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. 

I 
; 

• 

• 
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f d.    Sanders Associates' CLINI-CALL Hospital Information System 

integrates three major subsystems for business accounting,  medical data 

T management,  and laLoratory data management.     For maximum reliability 

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

to 50 per central processing unit),  and all peripheral devices are "hardwired" 

to Honeywell 516 and 416 main frame computers. 

Formatted messages must be complete before being transmitted to 

appropriate departments for record storage.     Data is inputted via a photo- 

pen device which is used to select standard phrases or words or by using 

the keyboard associated with each CRT terminal.    The terminal also has 

two read stations for pre-punched plastic cards,  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 limits, patient 

histories, and other established parameters using Sanders programming 

language. 

The business accounting subsystem handles the routine administrative 

services such as accounting, payroll,  inventory, control, and general 

ledgers. 

The medical data management subsystem provides the source data 

collection for admissions, physician orders,  test results, and diet requests. 

All operations are interlocked to prevent orders or information from being 

released without proper approval or verification.     Message routing,  queuing, 

and storage retrieval functions are handled automatically by the system's 

processor. 

The laboratory data management subsystem uses the common data base 

of the total system for maximum efficiency.    This subsystem relievts tho 

technicians of the posting,  recording, and verifying of test results in hand- 

written logs and worksheets,  it converts laboratory' requests Into patient's 

Incomplete worksheet flics,  specimen collection lists by ward and patient. 
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special labels, worksheets for various laboratory sites,  specimen load 

verification, and printouts of all test results. 

c.     The I/)ckheeü Space and Missile Company's Medical Information | 

System   (MS-I) is a centralized medical data service center that provides 

hospitals within a 50 mile radius with natural language interactive CUT 

terminals witli a light sensing pen and typewriter keyboard.    The Lockheed 

System,  which can servo up to 12400 bods,  combines the time-sharing con- 

cept previously discussed in the Burroughs System with the rapid access 

to the time-shared 360/40 computer by all system users.    A distinct ', 

advantage of the MIS-1 is the efficient data formulation and review procedure 

for physicians at the CRT terminals.    Quiet inktronic print terminals manu- 

i 

I 

factured by A.B.  Dick Company are available.    System operation is very 

similar to that of REACH,  Mcdi-Data, and Sanders' Systems, a major 

difference being that local printers are available at each nursing station. 

This is especially aJvantageous since nursing stations prepare numerous 

reports for patient and administrative management incliding: 

Discharge Summary 
24-Hour Summary 
Shift Summary 
Admitting Record 
Medications Due list 
Bed Status Report 
Transfer Notice 
New Medical Orders 
Admitting Notice 
Requisitions 
Test Results 
Discharge Notice 
Diet Orders 
Specimen Pickup list 
Correction and Cancellation Notices 
Other Miscellaneous Summaries and Worksheets. 

f.    The MEDELCO Improvement 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 processor.    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 iilenlification card and card- 

punched instructions to radiology in the card reader at the nursing station. 

Information is printed at the nursing station for verification and simul- 

taneously transmitted to radiology for scheduling,     other messages 

Initiated by this same action would include transmitting diet change infor- 

mation to the lUtchen,  and calculating patient charges which arc stored in 

the central processor until the end of the day.    Scheduling beds or clinic 

appointments are examples of other general communications neds that 

can be programmed into the MEDELCO hardware. 

Although considerably less expensive, the ATEDELCO system has 

serious limitations when compared with the systems described above.    It 

docs,  however, provide an alternative to the BLHC system for the process 

Identification of work procedures In the various ancillary service areas, and 

the scheduling capability provides a workload leveling tool. 

2.    Clinical laboratory Test Data Analysis 

a.    The automated clinical laboratory system of the Diversified 

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 »"eports,  and other statistical 

reports.    Special keyboards are tailored to each laboratory section for 

easier sample identification and rapid input of test results.     The multi- 

programmed real-time,  random access turnkey concept can maintain 

patient laboratory test results for remote retrieval for at least seven davs. 
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b.    Tfu- lU-r-kclcy ^clcntlflc laboratories ' Clinidatn Mark rr 

is supplii-tl in ton modular Jevcls to fit the needs of different laboratories. 

The Berkeley System uses a PDP eentral processor and Verklata consoles 

and operates in a manner similar to the DNA System described above.     It 

does not,  however,  have the capability to store patient data for access 

from remote terminals.     A unique feature of Clinidata Mark 11 Is the 

digital voltmeter plug-In for the laboratory console which will convert the 

analog signal directly 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 

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 in",  Digital 

Equipment Corporation's "LINC 8", and the Varlan/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 Technicun'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 Ccporation - Burroughs Hospital Administrative 
System (BHAS) 
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.    Control Data Corporation - MEDICOST 

Honeywell - Hospital Computer Sharing System (HOB) 

National Cash Heglster - Hospital Accounting I'ackagc 

.    General  Klectric - MKDINKT 

Numeruus banks ami computi-r service centers use the computer 

hardware of a major munutacturt-r in conjunction with individually designed 

software to provide accountii g,  billing   inventory,  ancillary statistics, 

cost reporting,  payroll and miscellaneous administrative reporting services. 

Most systems are batch made operations with limited on-line capability. 

IBM,   Burroughs, and Honeywell offer shared system packages capable of 

handling 2000 beds upward. 

4.     Patient Data Information Network 

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

Intervals or continuously only patient status data affecting the patient's 

condition.    Data Is fed Into the computer via remote touch-tone telephone 

or keyboard, stored, and can be instantaneously retrieved and displayed at 

. any remote CRT location.    Graphs,  laboratory reports,  test results, and 

other patient data are transmitted among Intensive care units, operating 

I feeder laboratories,  nurses' offices,  head physician's office,  the X-ray 

consultation room, and other selected locations.    The most critical data 

I requirements are computerized first,  making the routine data handling 

automation a secondary effort.    The system has the capability of expanding 

to a total Information system, and long range plans to ini'   rate the system 

with the National Medical Inlbrmatlon System are presently under develop- 

ment at the Danyarn   Hospital In Stockholm County, Sweden. 

Similar projects with a more limited approach in data communication 

but directed at computer analysis of monitored patient physiology such as 

vital signs, atrlal 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,   Inivtrsity Hospital,   Hii ininuham,   Alaliama,   Presbyterian 

Hospital,   Sim Franeisto,  :intl  Latter Day Saints Hospital In Salt  I^ke City. 

Helativelv simple patient information systems that routinely collect 

and store selected patient «lata are emerginn at various hospitals.    The 

National  Skstem in Sweden is building a medical data base from the census 

data already available in machine processablc form.    Additional data 

elements will be previous hospital stays,  allergies,  and immunisation data. 

Patient status within the hospital is readily available from systems such as 

the  Kdstan wireless bed status system or the bed availability system with 

Bunker-Ham» CHT's in use at Children's Hospital of Boston. 

I 

I 
I 
I 
! 

I 

! 

I 

5.    Diatpiostic Support 

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

play unit which has carousel slides coupled to a POP 8 computer. 

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-sIide 

carousel projects Images which carry four pages of questions.    The carousel 

is controlled by the POP 8 In response to the patient pushing one of four 

selection buttons on the screen panel.    The SADE manufactured by Bio- 

medical Computer,  Inc.,  is a similar history-taking device. i 

Time shared programs are becoming available in certain specialties 

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- 

search projects and some operational endeavors are developing in every 

facet of   data management.    The only compute i applications that will 

satisfy the comprehensive requirements of the military medical environment 

arc 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 care applications 

such as patient monitoring subsystems or the on-line analysis of clinical 

laboratory test.    Even here, a total hospital data management system would 

require 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 technological data would include 

Interviewing "all" designers, potential users,  and company representatives 

to find out where they  feel their industry was going in the future.    The 

performance of such a task,  however,  is beyond the scope of this con- 

tract.    Since a study of 85 hardware and software companies* of data 

ptocessing exists, we opted to use this report as our research source.   From 

this   excellent industry forecast 87    key items were selected because 

of their potential impact In the medical area.    The items have been 

arranged chronologically rather than by product category as originally 

presented, and are listed below. 

^Washington,  D.C.: Naval Supply Systems Command,  Research and 
Development Division, January,  1969. 
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ADVANCED   T ECHNO LOG Y 
COMMUNICATIONS    AND   DATA   MANAGEMENT 

 CONCEPT 

1. 

WIDESWIEAO 
APPLICATION 

2. 

3. A solid state vidicon will be available. 

4, Modern speeds of: 
(1)    7200 bps data transmission reliably performed on voice 

1970 

1971 

grade (nominal 3kHz) lines. " [ 
Qfinn hns data transmission reliably performed on | (2)    9600 bps data transmission reliably performed on 
voice grade lines. 

1972 

1973 

(3) 
voice grade lines. 

6.    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. 

1972 

manufacturers, etc. 

8.    Widespread use of LSI in processor circuitry.    The cost of 
peripherals will become the major system cost. 1973 

9. 

inputs. 

3-80 

1973 

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

Hard-copy devices (known as first-generation types) such as 
teletypewriters,  electric typewriters, and high-speed printers * 
will continue to have a cost advantage (probability decrease 

with time). r 
i 

12,000 bps data transmission reliably performed on 
irninp crrade lines. 1975 [ 

5.    Desk top, low-cost, manually operated data communication 
terminals using DDD network will be commonplace. 1972 i 

! 

7.    In many system purchases,  components will be obtained from | 
different manufacturers,  e. g., main frame from manufacturer 
A, memory from manufacturer B, peripherals from other . 

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) 



I 
I 
I 
I 

I 

! 

ADVANCED TECHNOLOGY (cont'd.) 

CONCEPT 
WIDESPREAD 
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 conj»inction with electronic display devices (CRT's) 
with resolution equal to 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 
aid aspect ratio control to give a user a "universal" 
viewer for a wide variety 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 

16.    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. Technology will develop the ability to "correct" microform 
images by erasing and reprinting on the same frame. 
(A camera from Pfaff is available to do this on Kalvar.) 1974 

20. Images may be added to blank spaces in microforms. 1974 

21. Combination of digital and photograph (e.g., microfilm) 
storage and retrieval techniquej will become a significant 
field. 1974 

22. Microfilm recording systems will utilize instant 
photography. 1974 
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ADVANCED TECHNOLOGY (cont'd.) 

WIDESPREAD 
 CONCEPT APPLICATION 

23. Microfilm  recording systems 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 

2G.    The conversion of electrical signals to hard copy will 
be considerably improved by the availability of high power 
electro-optic transducers, and the development of electro- 
sensitive papers and other marking processes. 1974 

at» 

27. Expanded use of private transmission systems; microwave; 
coaxial cable and wire for transmission within plant 
complexes/metropolitan areas. 1974 

28. PaKem 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 
available. 1975 

30. Computers able to "understand" and communicate in limited 
English may be available 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 available 
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 scientific 
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. l^S 
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i ADVANCED TECHNOLOGY (cont'd.) 

CONCEPT 

WlDfefepnEAD 

APPLICATION 

34. 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. 

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

36. Development of low-cost scan converters. 

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

38. Inexpensive,  high sensitivity vidicoris for low light 
level applications will be available. 

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

1975 

1975 

1975 

1975 

1975 

1975 

40. Personal terminals which "simulate" routine activities 
of employees in functional departments (e. g., personnel, 
contract administration, pricing, etc.) so as to 
increase productivity of administrative work. 1975 

41. Submicrosecond core memories will be available of 
10 million (107 bits), costing 2.5 to 3 cents/bit. 1975 

42. Holographic techniques will be utilized to store digital, 
or possibly even alpha-swmeric information, as a 
main storage element In a computer. 1975 

43. Use of laser beam recording on magnetic media for 
wide band analog     and higher speed digital recording 
(50 megabit/sec); inc^asing packing density by 10; 
improving access time by a factor of 10. 1975 

44. The costs associated with card and perforated tape 
equipments may not be economical in the light of advances 
in such media as incremental magnetic tape recorders. 1975 
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ADVANCED TF.niNOIXX.Y  u.mtM.) 

MINMNttAfl 
 t'ONCKI'T M'IM.ICATION 

45.     Information automatically  retrieved aperture cards can lu- 
u|Miati«i .ind rcrecordiKl usin- t-omputcr aided operation 
on new records.     Turn around time will he a few minutes. 1975 

4(i.     Development of software and lan^uanes necessary to permit 
close man-machine interaction and to facilitate use of 
display terminals by casual users rather than skilled 
operators. 1975 

47. Development of OCR standards compatible with both 
upper- and lower-case characters. 1975 

48. More logical functions will be incorporated Into the 
hardware,  thereby increasing haixhvare complexity, but 
reducing tnat of software. 197«! 

49. Solid state direct view display devices with selective 
erasure characteristics will be available. 197<i 

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

51. Disc packs will take over a major portion of the magnetic 
tape market due to increased reliability and performance. 197(> 

53.    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 is 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. 197(i 
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52.    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. 197(i 



ADVANCED TECHNOLOGY (cont'd.) 

CONCEPT 
WIDESPREAD 
APPUCATION 

54. I^w-cost niicr«»nchc' production equipment. 197<i 

55. IJRht sensitive (ultra-violet ami non-u-v) paper an«! film 
which does not require wet processing will be widely used 
for hard copy,  etc.  in quiet,  non-Impact,   hinh speed, 
terminal and peripheral equipments.    Some of the materials 
will hs/e 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. 197(i 

5«;.    Transmission charges based on distance and bit rate as 
well as time, I.e. based on data volume transferred. 197(i 

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. im 

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 mllllcent 
per bit to less than . 1 mllllcent 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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AI)V\NCEI) TBCHMDUDGY «cont'd.) 

WIDKSPREAD 
 CONfKPT APPLICATION 

til.     Natural syntax is badly suitod ti» computt-r use becaust' 
it requires sophisticated knowledge of context to resolve 
amhiKuities.     Restricted quasi-natu ral    syntax is a likely 
precedent to natural syntax. 1977 

<i5.    Cheaper, smaller, and faster circuitry will permit more 
power at remote terminals tied to central systems. 1978 

M«    A flat TV tube providing reduced glare,  will be available 
on the market at reduced cost. 1978 

67. All TV circuitry 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 

I 
I 
I 
I 
I 
I 
I 
I 

71. 75'V of all programs will be machine independent.    Tech- 
nically, this can be made feasible after a concerted effort 
to make the machine accept a different type of program. 
Politically and economically, this requires planned R&D and 
a pur basing effort that would force a complete change 
In the machine usage pattern. 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 microliche caioingues read on 
home TV viewers. 1978 

74. A comprehensive standardization program covering character 
sets and codes, input, output media, transmission control 
procedures, data elements and their codes.    This will tend to 
reduce costs and tend to produce compatablllty of computers and 
terminal device. 1978 
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ADVANCED TECHNOLOGY   cont'd.) 

WIDESPREAD 
 CONCEPT APPUCAHON 

Tf»,     Cheaper,   smaller,  and fast ;r ciicuitry in CPU will permit 
greater parallelism (circui'   redundancy(,  loo expensive to 
contemplate today. VJVJ 

7G.     A new class of machines available will be the information 
retrieval system.    They will be characterized by very large 
memory requirements,  and the ability to handle large 
memories including multiple peripheral systems. 1!)7<J 

77. Large screen color television with laser beams am. 
mechanical mirror scanning will be available. l!)7!» 

78. Laset-oriented memory and file storage.    This type of 
memory opens new possibilities.     Using the laser beam to 
interrogate mass random access memories,  implemented 
as fixed arrays, wruld result in capacities of 109 to 10^° 
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 

79. Widespread use of LSI for computer memories. 1979 

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

81. 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 

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

13 83. Erasable mass storage units of 10     bits capacity will 
have access times of less than 1 sec.  and cost less 
than .1 mill/bit. 1981 

84. There is an extremely great need for a revolutionary' new 
type of microfilm reading dev-ce.    It should be as easy or 
easier to use than a book, portable, 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. 19H0 
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ADVANCKl) TKCHNnl.OGY (c«.ntM. t 

CCmCEPT WIDKSPUKAl) 
A IMPLICATION 

^5. Tho use of facsimile «ievires will increase to such an 
extent that scanners anil printers may become common 
office equipment. I'JHU 

^o.     Charges for use of public telephone network based on 
access number of calls»  rather than time and distance. 1!>*() 

H?.     Widespread production of motion picture and TV for liolh 
education and entertainment utilizing computers for both 
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CONSTRUCTION 

INTRODUCTION 

I 
I 
I 
I 

The construction state-of-the-art survey systematically identifies and 

I documents present concepts and procedures for planning, designing, and 

constructing health care facilities, emphasizing the concepts and procedures 

I mos. applicable to the "New Generation" of Military Hospital (NGMH).    In 

addition, this survey evaluates and predicts the Impact and availability of 

I advanced technology which could influence health-care facilities built after 

1972. 

| This survey focuses on construction concepts and procedures which can 

provide a basis for systems analysis.   Specific construction materials or 

I 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 for 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, 

; San Diego, Oakland, Eglin, Tyndal, March, and Lackland BLHC Systems, 

where Westinghouse interviewed military and civilian personnel familiar with 

j the original construction program and its management, its costs, changes to the 

initial building and their costs, and the building'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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Steg 2 -  Further visits were made to nivlllan systems within the Veterani 

AdministraUon and ihihlic Health Service, unlvunlty-related teaching, urban 

und Bubuiban profit und ooa-proflti und Koller Foundation systems.   Speeiflc 

hardware, such us automatic materiel haodllng equipment, wai examined in 

detail. 

Stej) '.\ -   Two design team members visited health-care systems in England and 

Europe, evaluating their current construction procedures. 

Step 1 -   literature relating to military and civilian health-care racllltles 

construction was reviewed.    Included were government reports, technical 

journals, and manufacturers' data.   A bibliography Is included at the end of 

this section 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 client-designer-contractor relation- 

ships to achieve optimally appropriate designs, material selections, and 

building procedures. 

Interviews with concerned military and civilian health-care personnel 

made it apparent that least acquisition cost is the overriding parameter in 

most construction programs.   This is the result of rapidly increasing construc- 

tion costs over the past twenty years and the difficulty in obtaining bond and 

mortgage funding which must be amortized over the facility's life. 

Health-care facilities are becoming more complex, with sophisticated 

mechanical and electrical services commonplace.   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 planned or built facilities and to offsetting or overriding 

alterations costs.   Consequently, the possibility of using slightly more expensive 

planning, design, and construction concepts should be evaluated against life- 

cycle benefits and sensitivities to growth and change. 

Costs, however, are difficult to pinpoint because of the many interrelated 

variables associated with any construction project.   Therefore, 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 client has 

had difficulty in representing the nature of the system, its interrelated functions, 

and its sensitivity to growth and change to planning and design professionals. 

Consequently, systems which are adequate by today's planning and design 

criteria may still be inadequate in terms of true, life-cycle client needs. 

Raising 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 reflect the varied interpretations of the client's needs by 

the architect, plus minor input from health-care professionals and possibly 

from operations analysts. 

The layouts reflect the client's organizational and manpower concepts, or, 

in extreme cases, are designed around a specific technological innovation such 

as automated materiel handling, making the entire -system susceptible to the 
- 

obsolescence of one sub-system component. 

Typically, the nursing unit tower is located atop a symmetrical low- 

height base, which houses outpatient, ancillary and administrative activities. 

This low-height section carries the standard loads to grade. 

Each observed layout was designed to accommodate a specific patient 
- 

mix, and to minimize 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 obsolete, 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 Proft ssional Corridor 

I 

I 
With the professional corridor concept, patient rooms are usually on the 

periphery of the nursing unit, and the medical, administrative, and support f 

facilities and staff are located in the center.   This design allows maximum 

staffing and management flexibility and minimal staff movement inside the ward. I 
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This design can also accommodate changes 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-cycle 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 

system 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 bv local and regional 

factors and should utilize the overall system design 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 structural frame, HVAC, and utilities, 

1. Structural design has been affected by evolutionary developments in 

steel and concrete, 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 

availability 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 needs, 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; easier, leas costly rearrangement and 

additions; reduced water usage, reduced susceptabllity to clogging and 

other maintenance problems; simpler venting; and major revisions to 

concepts such as pipe sizing standards. 

Planning and Design 

Planning and contracting procedures typically follow u 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 m magement policies and procedures. 

Step 2 =  The client appoints one person to interface, guide, and control the 

architect, and to protect the client's interests.   The architect's output is 

also periodically reviewed by a committee of health-care personnel, many of 
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whom have never participated in a construction program, and who, therefore, 

are not deeply acquainted with the long term effects of early design decisions. 

Step 3 -  The architect selects structural, mechanical and electrical engineers, 

often on the basis of past relationships rather than on their experience with 

health-care facility design. 

Step 4 -   The architect and his engineers complete the plans and specifications 

and advertise for bids from general contractors.   The contractor is usually 

selected on the basis of lowest bid price, interjecting the risk of contracting 

with a firm with little or nc experience in health-care facility building. 

Another planning approach is to use a consortium of professional and 

specialized planners, designers, and construction managers to define the 

health-care needs, the resources needed to fulfill those needs, and the 

organizational relationships within the facility.   These professionals also 

complete the facilities design, manage the 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 

exposure will ensure that all group members correctly Interpret design 

concepts, and the entire planning piiase will be accelerated. 

A consortium group may also offer the option of integrating the construc- 

tion phase into their effort, a common practice in the manufacturing and process 

Industrie*.   The groop may also offer to w the facility and lease it back if 

this coincides with the client's capital structure. 

A number of additional refinements are b"!ng introduced Into the 

Individual professional groups: 

• Management tools, such as PF HT networks, will be increasingly used 
to control and accelerate the varioie work phases through a better 
understanding of their interrelationships ard their effect« on deadlines. 

• Computer based specification writing and detail drawing, coupled with 
improved data bases and retrieval systems, will shorten the design 
process and make the latest data on materials selection available. 
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•   Computer based calculations of major design criteria and construction 
estimates will allow more accurate evaluations of options. 

Building work is contracted under three basic types of contracts ond with 

firms having varying levels of management and design abilities. 

1. Use of a general contractor is the most prevalent method.   The general 

contractor takes responsibility for the entire project, excluding planning and 

design, and is usually selected on the basis of his low bid for the work defined 

by the architect's drawings and specifications.   They subcontract speciality 

work, such as HVAC, electrical, masonry, and roofing to qualified sub- 

contractors, thereby realizing savings through higher productivity.   The 

general contractor undertakes project management, including coordination of 

sub-contractors; he typically performs excavation and installs the concrete and 

structure! 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 •vork under a single contract.   The designer-builder manages the 

field work in the same way a general contractor does, but often sub-contracts, 

at his option, larger portions of the work in major specialty blocks. 

The client awards a single contract and thereby concentrates responsibility 

with one firm.   Contracts arc typically negotiated, rather than competitively bid, 

and usually contain incentive clauses for reducing costs below a guaranteed 

maximum amount, and bonus/penalty clauses to reward or petialize the 

designer-builder for rapid or delayed completion. 

Designers-builders have broader capabilities than a general contraovr 

because of their in-house design and construction management capabilities. 

They can also advise the client of cost« during preliminary planning, analyzing 

i ate rials and methods alternatives to iptlmize selections. 

3. The client can act as his own general contractor, sub-contracting 

all work directly to sub-contractors, thereby saving the general contractor's 

or designer-guilder's markup. 
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This approach requires that the client have sufficient in-house management 

personnel to administer and control a large project.    Without this management, 

savings are rarely realized, as the client is faced with the complex job of 

coordinating several, inter-related contracts.   Coordination problems are 

further compounded if the separation of trades is not clearly defined by the 

design, and if the absence of a builder compromises coordination between the 

trades. 

ADVANCED  TECHNOLOGY 

The objective of advanced technology is to produce hardware or design 

concepts which will result in a facility with adequate aesthetics and quality, at 

reduced initial and life-cycle costs.   Several concepts have the potential to 

meet these objectives: 

1. Cheaper, lighter, or stronger materials are being sought to substitute 

fur existing materials or to fulfill several purposes (for example, prc-cast 

concrete slabs which arc structural floors and which can also carry electrical 

and telephone conduct, plumbing, and HVAC pipes and ducts, i 

2. Higher labor productivity at lower skill levels is a more efficient 

method of producing a construction clement, using expensive capital 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 arc claimed in at least three major areas: better working 

environment, tools, and supervision and will result In higher output/man; the 

results will be more uniform in quality; levels of skills and. therefore, the 

base rate/man will be lower. 

3,   Speeding up the construction process will lowi r costs if this speed is 

obtained by lowering the amount of field labor.   This approach somewhat 

parallels number (2) above, because it Rene rally implies factory pre-fabrlca- 

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 

ol lath plaster walls (wet).    Whatever method is used, the aim is always to 

reduce the time Irom 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 aru a large 

number of health-care facilities being built, there is not sufficient agreement 

among fhe various users concerning physical forms, equipment, finishes, and 

space requirements to warrant a full scale development and manufacturing 

program. 

i   Distribution -  Most building systems have originated in Europe where population 

density is far greater than in this country, and the distance between major 

populuti' n centers is smal.'er.   Unlike the U. S,, one large factory, with a 

high potential for cost economics, can serve several areas. 

3, Governmental Subsidies -   Most European governments devote considerable 

direct and indirect subsidies to system manufacturjrs because of the pressing 

need to rebuild their physical plants after World War II.   The direct subsidies 

come la form of tax rebates; priority In obtaining raw materials; the develop- 

ment of national building nwAigii provision of loans; creation and long term 

maintenance of markets; etc.   One of their most Important Indirect subsidies 

comes in the form of long range research into the performance requirements 

of t,he buildings under study (mainly housing) and the provision of roads, sewers, 

water, rapid transit, etc., which encourage the demographic patterns used in 

the decision process for entering into nanufacturing. | 

4. Fear of Job Security -    Many cons» ruction trade unions fear loss of jobs 

as a direct result of more systems building, and arc further concerned by the I 

inherent breaking down of long time jurisdlctional barriers.   Their efforts to 

date have been aimed at inhibiting the introduction of systems building by I 
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demanding that field trade rates of pay apply to union supervisors in the 

factory. 

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

techniques and materials to satisfy them.   Many codes give specific approval 

to a narrow band of materials and practices, excluding advanced materials and 

procedures and performance oriented specifications.   While the NGMH's are on 

Fedeial pi ^perty and therefore theoretically xree from code restraints, the 

present code structure in reality inhibits development and use of advanced 

technology by inhibiting market growth. 

Because of these constraints, construction economies at this time are 

limited to: 

1. Materials substitutions which are allowed by codes or which are sufficiently 

tested to force 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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DENTBTRY 
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INTIMMMCTHJN 

Ikntistn  in I'JTO is ikan hintj for mi Ihoil» of pruvittittK morv 

ImUvittuals with improvttl health cart* at u font which Is within thfir 

in. .»ns.    Tu accomplish this, dentistry must tk^vlsc techniques whereby 

IfH- <!. nti. t can provltle more services In the same amount of time.    Thi« 

development of high speed euttlnK instnsment*- in recfirt years has ben'n a 

giant Htep in this >Urectlun and has stimulated much of the new exploration 

in the field of dental practice. 

The present imbalamt- between the population's dental needs and the 

number of available ilentlstM constitute* a national problem.    A literature 

review has shnwn that It is unilkelv that there will ever be enough ckntists 

to fi'.l those IHHHIS.    Currently, there are 90.000 practitioners In the U.S. 

Based on pmtected population increases, this figure would need to be n. >re 

than doubled in the next ten years (ust to maintain the st-" is quo. 

It Is estimated that over 90 percent of the population have dental 

carlea, over half the adult population suffers from perldontal disease, and 

more than 20,000,000 people in the U.S. have loit all their natural teeth 

Moreover, of the total reported cases of cancer,  five to ten percent are 

found In «he mouiV    One prescription for the nation's dental lilt Is periodic 

dental Inspection to detect deviations and tre«t them before extensive 

damage occurs.    Yet only 20 percent of the population receive regular and 

adequate dental care,  and onlv 40 percent receive 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 pei^le who need it. 

Clearly, the problem of increesed productivity Is the greatest single 

challenge faced by modem 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 anciliarics; of design and function of equipment, 

instrumentation,  and operator)' space.     Innovations must be evaluated in 

terms of their effect upon tre.tment capability,  with maximum dentist 

efficiency the ultimate goal. 

TECHNICAL APPKOACH 

In surveying the state of the art in dentistry,  we first conducted a 

| literature search including periodicals such as tfu- Joumd of the American 

Dental Association and the Jimrnal of Caruidian Dentistry, proceedings of 

■ dental eonferenceh,  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 ui tMs section.) 

«HI March 26,   1970. we visited the Health Center at the University of 

| Alabama In Birmingham, Alabama.    Under the direction of Dr.  Arthur H. 

WUehrmam  and Dr. Glenn E.  Robinson, this school has pioneered new 

designs in equipment and its arrangement In the dental operatory.    It was 

among the first to do extensive 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 Healtft Center of the Public Health Service in Louisville, 

Kentucky was visited on March 27,  1970.    For the past three years the 

health center has been conducting dental studies on subjects such as the 

ratio of the number of operatorles to dentists and to auxiliaries, what 

procedures auxiliary personnel should perform, and bow auxiliaries 

should be trained. 

On April 9,  1970b a meeting was held In Washington,  D.  C, with 

representatives of the Army, Air Force, and Navy dental corps.    In 

attendance were: 
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Cotonel James  K.   Cassidy,   Chief,   Professional Branch Office, 
Assistant for Dental Services,  Office of the Surgeon General, 
l.S.   Army,   Washington,   D.   C. 

Colonel Robert C.   Walters,  Dental Research and Clinical 
Uequirements 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 include: 

Dr.  Charles O.  Cramford,  Acting Chief,  Manpower Development Branch, 
Division ot Dental Health,  Bethesda,  Maryland 

Dr.   Richard Rlbisil,  Manpower Development Branch, 
Division of Dental Health,  Bethesda,  Maryland 

Dr.  Stanley Lotzkar,   Associate Director, 
Education and Manpower Training, 
Bureau of the Health Professions, 
Dlvlson of Dental Health,  Bethesda,  Maryland 

Dr.   Frank Burdlck,  Chief of Dental Services, 
Veterans Administration Hospital, 
Pittsburgh,  Pennsylvania 

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

Dr.  Keith Marcroft, Staff Prosthodontist 
Veterans Administration Hospital, 
Birmingham, Alabama 

Dr. Jamc Austin,  Staff Dentist 
Veterans Administration Hospital, 
Birmingham,  Alabama 

STATE OF THE ART 

The general trends in dentlstrj are: 

1. To treat the patient from i 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 dentistry. 
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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 assistant,  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 problem lies in the redesign of equipment 

and the implementation of four-handed dentistry. 

In two-handed dentistry the dentist works alone.   Although he may employ 

an assistant, the assistance given is indirect, consisting of seating the patient, 

positioning equipment, mixing amalgam, and performing other extra-oral 

tasks. 

Conversion to sit-down dentistry changes this picture.    The mouth of the 

supine patient is now accessible to a second pair of hands.    The dental 

assistant works directly in or near the oral cavity,  relieving the dentist of 

routine 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 schools 

now 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 

3-164 



I 
I 

I 

I 

revision of the Rules and Regulations of the Pennsylvania law: 

A legally licensed and regis ered dentist may delegate to com- 
petent dental auxiliary personnel those procedures for which the 
dentist exercises direct supervision and full responsibility ex- 
cept as follows: 

(1) Those procedures which require 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 Registered 
Dental Hygienists. 

Nation-wide enactment of similar changes will enable auxiliary personnel 

to assume the additional responsibilities 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 the dental equipment. 

New designs for the standard dental chair reduce the thick head rest 

and increase the degree of recline.    With the chair lowered to a completely 

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 

cabinet is mobile and no larger than necessary to accommodate the usual 

instruments and materials for one or more types of operation. 

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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acn»88 tht- country.    Tht- l'nivi rüitv «»f PitUburj-h SchiK»! of tknul Mfdicint- 

WAS ihi- first to achifvi- a lanii—scalc breakthruuKh in this ar-a.    Although 

a Dumber of moliiU> dental units hail previously •>« < n   !■ si-, m-.l ami sold on 

a limited haslg, it «-as in I9tl4 that th.- faculty of tht- Pittsburgh Schotd 

along with the S.S.   WhiU«  IXntal  Manufacturing Compam    developed a 

n>o»)j|»- unit tkit WAS both (unrtional in design ami educational in purpose. 

Two hundred ami eighty six opi,ratoric8 were equiwed with this unit which 

is tonmcted to the floor by a umbilical cord arranginu-nt for utilities 

that enablis the unit to be easily moved within the operator)'.    The College 

of the  Pacifie 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 

use of non-retractable hoses would permit a reduction in the sixe of the 

unit and provide more flexibility in the utilization of the instruments.    The 

Iniversity of Alabama is a leader in the field of equipment experimentation. 

New designs initiated there include a mobile dental cabinet,  a stainl >ss 

steel preset tray, and the "Dentassist" chairarm equipment attachment. 

liesearch 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 

are left-handed. 

Utilization of Auxiliary Personnel 

There is a growing awareness of the fact that the skills of auxiliary 

personnel 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 j 
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P i unk-r consltk-ration ie the prufi-ssional tlcntal adminiKtrator wh..s. funrtiun would 

be similar to that of tht- hospital administrator in arras such as st-iffini, and 

administration of an-as <<h<>r than th<isc involvinc proftssional unlunxnts. 

The practice of four-handed dentislr>' «-present*! an advancement in 

the utilization of auxiliary personnel. This takes the form of intensified 

auxiliary Involvement in th»  treatment process and Is the basis of what is 

| called the »lea«" approach to d^tl.try.    It is achieved by expanding the 

duties of qualified assistants to include certain  routim   treatnu-nt procedures 

I usually performed b.  the dentist,  such as pumiee prophvlaxis,  < \posurc of 

X-ray film,   rubber dam a|>plk-ati(>n,  suture removal,  t.ivltv toilet,  a<la|»t- 

| ation «»f the matrix ami thi  plaeiment of reste-ttlve materials. 

The dental team i-an be used for either stand-up or slt-tkiwn 

I dentistry and Is flexlblr l»oth In com|)(>sition and in function.     Kxpfriments 

have been conducted using two,  three,  or four assistants per dentist, 

| scrvinK I" various roles at from one to four chairs.    All combinations 

showed an Increase in productivity In ratios up to 120 per cent,  although 

) some four-chair tests proved overtax'nR to the denthU.    Studies by the 

Navy and the IMblic Health Service indicate that the most i>ffieient learn 

I consists «if one dentist, three assistants,  and one roving assistant serving 

three operators.     It should be noted that efforts t» evaluate i>atn nt obiections 

failed because none of the patients expressed any objections. 

Dental schools now have Dental Auxiliary Itllization 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 auxiliaries In treatment situations.     Assistants may be trained 

auxiliaries«  of which there is a severe 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 expected 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 arc clarified. 
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<>|itimum   .tih ■ ill  si of M|Kli*e  i-  a  con'llan   •■!    iitimum  utili/.ili-.n of 

uu\iliur\  |H r.s..nn. I.     Ihr priHluiUvllx  itoti-ntul <4 lh»- .1« nUl U-ant ian IwHt 

b*- reallwd in a multiplf «HH-raton  fat-ilitv arranetil in ««it- of Ihnn« IKIHIC 

ItattcmM.   Thi' cinular arrann» mt-nt in «'iim'nf»- |>n>vi(h.*> a n-ntrali.'> i 

HU|i|ilv art-a fur Kvrvirinu tnultiplc niM'raUiric« with a minimum cxju-nditurt 

«•f timf an«l rlforl    iFisuri* 1).    Tt» IH' mtwt pffcctivc lh»- ikntisf, J» 

Mtationttl ai thr outsitli' <>f th«- wiufl whi-n- thfrt- in ihn' grvatcut amount 

of H|»ai-i- and when- hi can mow vasity U» t*ach uficralory.   The rectangular 

lavcHtt «Flgun« J» um« iKiraJlti «»pcratorlfii st |,.iiat« <l by (lividcrs.   .S|)eciat dental 

areas, sueh a« oral surgery, {»enxlunUcs, .unl endonties may be alfucated separate 

nntms,   A private offiec type of arrangement could be useful  for a small facility, 

but Honu-what limiting <« a large scale because of the difficulty involved in 

communicating between offices and the service area. 

There is a division of «pinion concerning the optimum height of the 

operatory divider.     It may extend 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 uperatory by the assistants. 

Patietts treated sitting in an upright position can easily see over the top 

of a four-foot divider.    But with the patient in a supine position and with 

both the dentist ami assistant sitting, the four-foot height provides adequate 

seclusion. 

Dental Hadiography 

Traditionally,  dental schools did not offer comprehensive training in 

dental  radiography.    Such training was usually limited to the 65 kilovolt, 

10 milliampere X-ray technique with some instruction in the potential 

benefits of higher kv techniques and the ba. 'c 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 I.   Circular MulUpl«?-Opcr:i4ory IX'«iRn. 
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Figure 2.   Rectangular Multiple Operatory Design 
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of 90 kv.    With higher kv capacity, there is better resolutiuo.  less distortion, 

lower radiation level» through shorter evpijuure time, and a broader grav 

scale that shows a more distinci contrast »»itw«'rn Inm- ami tissue. 
I 

X-ray film   ievett^dng IH being Hhiiplifh-d.     Automatit   film iinKtssors 

I which give more consistent results in bss time arc gaining «reater 

acceptance.    Since these devices minimise pnwessinu ilcfects arising from 

poor darkroom control, they all but cbviate ihc nvwi for rctaki-s ami 

unnecessary patient irradiation.     The fact that the films produced can 

be used immediatelv for diagnosis aids in treatrm.:t and reduces the number 

of paiieOt visits. 

Another trend an i the most significant innovation in dental radii»graphy is 

the use of panoral X-ray machines for eomprehrnsive oral diagnosis from 

one minimal exposure.    The panoral X-rav machine is currently used by 

five to ten percent of practicing dentists.     It Is standard c<|uipmcnt for 

the Vt-tcrans Administration,  Armed Forces,  and the Public Ik-alth 

Department, and most major dental schools now leach their students how 

t.   use it. 

The move toward simplicity of operation Is alsc exemplified in 

machines,   now available,  which feature preadjuslcd voltatt« s and currents 

and pushbutton compensation for film and cone variables. 

I 
I 
I 
B 
I 
I 
I 

• 
Illumination In Dentistry 

Proper illumination reduces eyestrain and nervousness, and promotes 

higher quality and more efficient work.     Because of the visual detail in 

dentistry,  it is Important to meet the following ti^hting criteria:    (1) a 

minimum illumination of 1,000 foot-candles on the patient's chin;    (2) a 

contract ratio of from 6:1 to 10:1 between the oral cavity and the 

surrounding llgiit;    (3) a color balance of the artificial light which approximates 

natural light, to make it easier to match the color of fillings to the teeth; 

and (4) light sources that can be easily moved from one position to another. 
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It iii (IfMirablc,   in atlditl*«!,  to have «omi- ultraviolet  i-ailiati<>ti.   tu minimizf 

thf am<»ufit of heat which ia fmanatttl fn»rii a light sourer, and to uae long 

lattim: iiulb« whit-h «how little or m» chanK*' in light intenaitv and eulur 

balanet- with agi*. 

Smte tlental lighta on ih.« market,  aueh as the auratron tub'S,   ful- 

fill mam  of the above requirements.     An auxnian point light for   intraoral 

uae wiiuld IM* uaeful. but its ilevelopment has been hampered because most 

available light sources are too .arge and give off too much heat. 

Klb«-i  optical light sourves are c««ul .'Uid compact.     Iltmvver,  they are 

n»< yii fully actn-pted by the «I-11 il community,  (»erliaps because thc»y pro- 

duce a dimimitivf bright  •-t»-.! of light which ran cause visual discomfort, 

thry require atklitional ami more expensive speclallxetl handpltH-es and 

increased »mil  in handpiece size. 

Sterilisation in IKntistn, 

I hrrr is an ever-present danger in dentistry of cross-Infection between 

patients and dentist if itental instruments are not sterilized properly.    Methtxls 

of sterilization now in use include high temperature sieam, dry heat, boiling 

water,  aivuha) vapor,   nnf« i-flnlnne oxldr.     However,  there is no agreement 

on which method or combination of methiKls is most  reliable.    Autoclaving, 

or sterilization through high temperature steam,   is effective.     Dry heait, 

which takes longer,   is also an effective sterilizer; however,  faulty tempera- 

ture control mechanisms arc common in commercial dry heat sterilizers which, 

of course,  decreases their reliabUity.     Boiling instruments in water at 

atmospheric pressure does not accomplish sterilization because some spores, 

as well as the In-pat it i-^ virus,  survive long periods of boiling.     The alcohol 

v i}..,i   sterilizer is preferred by some dentists because it does not corroJc 

carbon steel cutting instruments.     Although thr sporicidal ability of the 

alcohol vapor sterilizer has hern questioned by some research mlcroblologists 

both here and abroad,  there is formidable evidence attesting to its 

effectiveness. 
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1 Ethylcnc oxide steriliters,  complete with vacuum pumpp and humidity 

controls, arc considerably more expensive.    But since their sterilising 

I effectiveness is unquestioned,   many prefer to use them.    The !oW sterilization 

temperatures of these machines make it {Mwsible to sterilize handpieces 

I without am deleterliHis effects «»n their intricate parts.    The main draw- 

back is the time it takes to sterilUe — from eiuht to ten hrnirs. 

I JÄerlli/.ed tray  set-up« for each procethire pn»vide l»«ith eonvenience 

and uniformity, as well as eliminate the large cabinets that are now usedl 

I in mtist operatorles.    Pivpared instrument trays are assembled In the 

central support area and stort>d in cabinetry accessible to the dental 

I operatory.    Cabinets located between the ««peratory ami the Nupju.rt area 

with openings on both sides are most functional. 

. The use of disposable instruments is increasing ami warranta further 

investigation.     With such single-use instruments the problem of sierlli/ation 

is automatically solved. 

Military Dental Care 

Although the military ratio of dentists to patients is more favor*»i« 

than the civilian ratio, a constant turnover of personnel makes It possible 

to provide only a small portion of the treatment required.    In 19G2 It was 

estimated that the dental treatment deficit in the Army exceeded 8,000.<*M 

hours and currently It Is almost double that amount.    With a Dental Curjis 

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 Irealroent. 

Actually, the oral health of men entering active duty is so poor that Ihr 

Initial treatment requirement they represent each year exceed« total treat- 

ment capabil.tv. 

Since the need for dental care so greatly exceeds the capability for 

providing It, the Army Dental Corps Policy Committee set up the following 

order of priority for patient treatment: 
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I.     Km« n;tnc\  i-aiv f»>r uil (atients as quirkly as possiblo. 

S,     Trfatnu'nt «»f patii-nts wrkan i-on«Utii>ns havt   a hi^h probability »f 

inU'rftTlnK with duty porformanc«  or of patii-ivs with skills critically 

Important to hiuh priority militarv missions. 

A.    Mantiutorv piwcntiw care for all personnel under Jii years old 

ami fur .ill laticnts  ii-n-ivinn; clinical treatment.     Preventive care 

wouM be available for others on a voluntary basis. 

1.    I omprehenslve,  definitive care for career military personnel to 

he encouraged and,  if results from prototype programs arc- 

favorable, to be required on an annual basis. 

5, Infinitive care for other militarv personnel to the extent resources 

pcrtnlt. 

6, ivfinitlve care for other authorized personnel to the extent resources 

permit. 

rtllizatism of auxiliary personnel,  uartlcularly those qualified to perform 

expanded duties,  could equull/.e 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 will produce the number of required dentists unless the military establishment 

institutes its own training programs.    If the training of auxiliary personnel 

becomes a major project for the military, then additional professional 

personnel must be provided for teaching purposes. 

The fact that militarv dental care Is in a critical condition becomes 

even more a|»parvnt when the status of military dependents is considered. 

These pe«»ple have not, as yet, been incorporated int0 the military dental 

care program.    Ik-ntal care Is authorized only for dependents overseas or 

in remote areas and In emergency cases. 

I 
! 

I 

I 

i 

I 

I 

I 
I 
I 
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I During hearings before the Senate    Subcommittee on Health Benefits 

Legislation during the 89th Congress,   Second Session,  it was brought out 

| that the military services consider the lack of a dental care program one 

of the major morale problems of the serviceman and his family.    A survey 

i taken by the Air Force in 1962 showed that 3C percent of the officers and 

50 percent of the enlisted personnel questioned said that the provision of 

| dependents1 dental care would affect their decision as to extending their 

periods of service.    According to the Surgeon General,  "many military 

t 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 such 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 Blgnlfic.intly Increase preventive curt1 capabilities.    This procedure 

could well be    included as a duty of an auxiliary, 

! 

T 

There la agreertumt within the health professions that preventive 

dentistry facilities are needed, but authorities differ on the question of 

locale.     Integration of each preventive eure unit with a dental treatment 

facility would permit daily [•rofessional communications and offer patients 

a single facility for everything  related to dentistry.     If such were the 

situation,   it would also be possible to include,   as part of the preventive 

activity,   radiology examinations,   diagnosis,  and treatment planning.     Here 

there would be 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 areas.    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 anxiety or pain,  and these associations should be avoided 

if possible.     With negative associations removed,  the patient will come to 

the preventive facilities more frequently and will be motivated to take a 

more active part in the program. 

A third possibility involves the coordination of all health preventive 

care programs in one comprehensive facility.    Since all such programs are 

closely related,  the development of a total preventive health care program 

would be entirely feasible. 

i 
i 

i 
r 
t 
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DIET AIM 

[NTRODUCTION 

Dletar}  service ;s ;i fundamental part of the Has«1 Level Health Care 

System,    it nol only tills the urdinary outrltionat needs of hospital patients 

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

tailored to Individual patients and by educating patients to cope with restricted 

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

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

public relations program. • 

The general 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: 

1. Is the meal nutritionally balanced,   flavorful,  and 

aesthetically pleasing? 

2. Is the food free of harmful bacteria? 

.'?.     Is the regular patient offered a sufficient variety of foods? 

I.     Do dietitians regularly consult with patients on restricted 

diets and with their physicians to develop specialized 

menus that offer tasty food in sufficient variety? 

5. When the patient receives his meal,   is it as palatable 

as it was when first cooked,  or has it lost flavor due to 

freezing or prolonged warming? 

6. Do heated foods arrive at patient rooms at a sufficiently 

high temperature,  and do refrigerated foods arrive cold? 

7. Can individual meals be efficiently prepared and served at 

times other than regular meal times? 

8. Are kitchen personnel and equipment utilized for maximum 

efficiency ? I 
I 
I 
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Food Vl'IHling and managL•ment 

s~ullery l'qttipment 

Dietary management 

Food managemer l services 

Food processing equipment 

Food management and 
catering service 

Food processing equipment 

studies in food service 
operating characteristics 

Microwave ovens 

Microwave ovens 
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Better Built Company 
Saddk' Brook,   Now Jersey 

United Servico Equipment Company 
P," irfret'sboro, Tcnnrssec 

Campbell Soup Company 
Camdon,   North Carolina 

Disposable Association 
New York,   New York 

Lily Tulip 
Toledo,  Ohio 

Hack Washers 

Wheeled equipment 

Food products 

Disposable dinnerwaiv and 
flatware 

Disposable dinnerware and 
flatware 

STATE OF THE ART 

A hospital dietary department by its very nature has an unpredict- 

able number of patients and visitors to serve and a fluctuating number 

of restricted diet meals to prepare each day.     The introduction of the 

selective menu which accommodates patient preferences makes it even 

more difficult to forecast food demands.    Such a forecast is necessary 

because food preparation requires a significant amount of time and both 

over- and under-production are costly miscalculations.    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 measure. 

2. Cook food in double or triple quantities and freeze 

for future use. 

3-183 



I 

;{,     Use pn-pivpaivil, pre-coukfti IUIMI purchasi'tt from an 

out.siilf supplier or from a hos|rlaI-sponsoiv«l 

coauttltMry kitchrn. 

i.    Hire ■ cateref tu provlda total food sorvk-es. 

.'),     lav spt't'il cooking equipment,   such as convi'ction anil 

microwave ovens. 

(>.     I'sc (Usposal)lc ware to eliminate part or ail of the ware 

washing and sanitizing processes. 

7.     in a systems approach use computers to control all 

aspects of food production. 

No single food service alternative or combination of alternatives is 

optimal for all hospitals.    The selection of one cr more of the above 

dietary measures depends on the location and size of the hospital,  the 

availability and cost of labor and land,  the locatioa 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-prepared raw food represents only a small 

step towards a convenience food system.    These foods are generally 

purchased by hospitals devoted to conventional cooking but which are 

willing to pay a food cost premium to save hospital personnel time and 

food preparation kitchen space.    Of course, pre-prepared raw foods have 

been used for many years,  e. g.,  canned or frozen raw vegetables, but 

their use is being expanded to include such things as peeled potatoes, 

pared apples,  and oven-ready meats and poultry. 

2. Cooking Large Quantities and Freezing for Future Use 

Cooking entrees in double or triple quantities is another means of 

conserving 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 
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savings result from an elimination 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 seldom found in its pure form — where every food item, 

even salads and special dietary foods,   are 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-prcpared entrees 

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 participating 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 nutrition il control of patients' food. 

The convenience food system offers savings in labor, food costs 

(due to bulk purchasing), and kitchen space and equipment. Over- or 

under-production is eliminated, for only required food is heated, and 
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thfiv is littli- f<»Ml wast«-. Flexibility is ensured, for a large increaM in 

the ounber of patleata caa i>f t-usilv iumHed} moreover, fligle meftlf can 

•»»• senred vvitd little «liifit-ulty at times other than regular meal times. 

11 an outside proprietary supplier is used,   food costs,  of course, 

\.'ill be higher and food quality control is more difficult.     A commissary 

kiteht-n,   ^n thr other hami,   is a non-profit business and can offs-r 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 hospial can be expanded to 

accommodate the additional equipment and personnel necessary for bulk 

foot! production,  or separate kitchen facilities can be built that will be 

easily accessible to all particlpatinK hospitals.    A separate commissary 

kitchen is less expensive to build than a conventional hospital kitchen; 

however,   if any readily adaptable facilities exist,   a kitchen coüversion 

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 are generally located in the 

central kitchen,   microwave ovens arc often situated at each nursing station 

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

G.    Disposable Ware 

As convenience foods reduce hospital participation in food prepara- 

tion,   disposable ware (dishes and utensils) is beginning to reduce the 

amount of necessary dish washing and sanitizing.     Disposable utensils, 

plates,  bowls,  cups,  and trays are available in a variety of colors and 

in such materials as paper,  plastic,  and styrofoam.    Their primary 

benefit,  of course,  is long-range savings resulting from conservation of 

labor and reduction of maintenance,   electricity,  detergent,  dish ware 

replacement,  and equipment costs.     Not to be forgotten, though,   is the 

health benefit.    Disposables 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 c.uality of health care, as well as cut operating costs.    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 benefits of disposables 

are: 

1. Does the disposable satisfy the function of the reusable 

item it would replace? 

2. If any increased costs result,  can they be offset by such 

benefits as sterility,  increased infection control,  and 

convenience? 

3. What is the present cost of food service ware processing, 
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Including etrployec salaries, ware collecting, washing, 

sanitizing,  stacking,  equipment,  electricity,  and 

detergent? 

4.    Are disposable« MOtpUMf to the workers, patients, 

or personnel who will use them? 

7.    Computerization 

A final 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 

areas is still In the experimental stage, electronic data processing equip- 

ment Is currently being used to adjust recipe Ingredient amounts to yield 

very specific quantities, thus eliminating human calculating errors and 

ensuring uniform recipe results regardless of quantity. 

ADVANCED TECHNOLOGY 

Food service improvement alternatives that are currently under 

Investigation but which will be available for implementation 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 bo 

reconstituted at bedside or nursing unit 

.    Dual purpose freezer-oven« for each ward 

.    A multipurpose food cookitig and heating device to 

efficiently prepare all frozen foods. 

2. Computer programs will bo developed to control ail aspects of 

food service from the meal request to food consumption, 

including nutritional calculation according to patient condition and 
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disease; calculation of menus and recipes} inventory and requi- 

sition of food products; and preparation and delivery to the 

patient. 

3. Dietary systems should reduce or eliminate staff involvement in 

food distribution,  for example, by improving methods of recon- 

stituting meals at nursing stations.    Automatically controlled 

conveyors could move food from a central location,  reconstitute 

enroute, and assemble patient trays at decentralized locations 

thioughout the hospital.    The action could be initiated by the 

patient with programmed over-ride to take care of special diet 

problems. 

4. Nutritional values and food portions must be standardized, and 

results should be made available to vendors of convenience foods. 
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EDUCATION AND TRAINING 

INTRODUCTION 

Education and training are essential functions of the military Baso 

Level Health Care System.   As in civilian teaching hospitals, improving 

the knowledge, skills,  and   judgmental capabilities of health care personnel 

is a primary responsibility.    Educational activities designed to achieve such 

increased competency benefit the individual instructed,  the hospital he 

serves,  and the patient to whose care he contributes,  and may also help 

to alleviate the critical manpower situation in the field of health care 

delivery. 

The BLHC System provides two basic types of training for professional, 

technical,  and support personnel.     In-service programs include: 

• 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,  dentists, 

and administrators 

• General military training for officers and enlisted personnel 

• Classroom instruction and coTrespondencc courses for 

high school credit 

• Formal training programs for support personnel such as 

surgical technicians,   radiology technicians,  and clinical 

laboratory technicians. 

Another type of base level training is conducted for the immediate 

benefit of patients and their families.     In view of the growing emphasis on 

preventive health care,  patient- and community-oriented programs are likely 

to become increasingly important components of hospital-based instmttion. 
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Education and training in the BLHC System have several unique character- 

istics,    Expense, 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 normally 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 developed specifically for use in education and 

training programs for health care personnel are available on the commercial 

market.   A list of training films 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 care personnel. 

Our primary concern is to identify the most appropriate means of extending 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 e-Hication ami training 

functions, we first conducted a literature search including periodicals such 

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

Business and Industry, and the Journal of Dental Kduc-atiou.   Also helpful 

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

and a subsequent study at Children's Hospital in Pittsburgh, which investigated 

methods of instruction for nurslnu and ancillary support personnel and surveved 

the instructional materials developed for closed circuit television.   A studv 

conducted by the Westinghouse Le: ining Corp« -alion lor the Air Force in which 

more than 20 varieties of instructional media were analyzed provided addMional 

da a.   A selected bibliography is included at the end rf 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. Navy Hospital and Training School, San Diago, California 

2. March Composite Medical Facility, March Air Force Base, 

California 

3. Oakland Navy Hospital, California 

1.   School of Aorospace Medicine, Brooks Air Force Base, Texas 

').   Air Force Medical Service Training School, Sheppard Air 

Force Base, Texas 

(i.   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. Second National Conference on Coronary Care Units, 

American College of Cardiology', June 18-20, 1969, Denver, 

Colorado 

2. VVestinghouse Multidisciplinary Continuing Education 

Conference,.!une 4, 1969, Pittsburgh, Pennsylvania 

.{.   National Regional Medical Conference, Workshop on 

Instructional Media, May 10-23, 1969, Denver, Colorado 

4. The 11th Aiuiual Meeting of the Council on Medical Television, 

April 24-26, 1969, Kansas City, Missouri 

5. The 12th Annual Meeting of the Council on Medical Television, 

April 27-29, 1970, Philadelphia, Pennsylvania 

6. Department of Audio Visual Instruction Conference,  \pril 29- 

:)0, 1970, Detroit, Michigan. 

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

experience of the VVestinghouse 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, the trends in training media are: 

• To program instruction 

• To televise instruction materials 

• To store and retrieve information using dial access systems 

• To computerize educational programs. 

Programmed instruction 

Programmed instruction is normally implemented 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 dete mine 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 sane: 

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.    Information is presented, questions are asked, and the 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-visual aids.    Instruction along these same lines is 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 

such 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. 

Unfoitunately, 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 established 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 

commentary on the material presented.    Recent technological advances in 

miniaturization of integrated aural-viii'.al 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 screen projector permits viewing in a lighted room.    Com- 

bined with an audio headset,  it produces an effective device for use in 

problem locations wheic disturbance to or from adjacent activities is 

undesirable.    The software can be circulated and stored as easily as 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 imaj;cs,  usually accomp;iniccl by synchronous sound,  from a single point 

of origin to a receiver.     Multiple TV receivers can accommodate large 

audiences and therein' cut instructor man hours by a significant factor. 

The medium also permits large numbers of students to share learning 

resources of the highest quality.     Kxpensive and delicate laboratory equipment 

and complex demonstrations in specialized environments suddenly become 

community property.    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 j 

audiences as necesairy. 

Broadcast and cable television without tw. way communication Is i 

essentially a presentational rather than an interactive instructional medium. 

It has no "real time" direct learner feedback; it is incapable of immediate j 

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; reception 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 

telephone 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 tie capacity to accommodate not only instructional materials, 

but medical and administrative dati as well. 

Computer Assisted Instruction 

The emergence of computer technology and sophisticated data storage, 

reduction, aid manipulation suggest exciting possibilities for the 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 efficient leaning.    Methods of 

responding to the presented material are available, and the computer monitors 

responses and programs accordingly.    As a result the student becomes an 

active participant in the learning process and is constantly aware of how 

well he is doing. 

Programs and modes of operation differ.    A diagnostic mode, for 

instance, is effective for testing performance.    A drill and practice mode 

teaches facts and procedural steps; a tutorial mode, concepts and principles; 

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 eirble 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.    Housekeeph i', 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 

decreased 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/orf 

housekeeping or should 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? 

5. How can inventory costs be reduced? 

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? 

8.    How can maintenance and housekeeping record-keeping be reduced, 

but still be more effective? 
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7.    What housekeeping processes and procedures can be automated I 

to reduce the labor force required? 

I 
I 

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 housekeeping 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 

principle.    A selected bibliography is included at the end of this section. 

I 
I 



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 

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

Pennsylvania 

Von Sch-ader Manufacturing Company,  Racine,  Wisconsin 

Powers Refiulator 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 housekeeping, we made on-site visits to the following 

hospitals: 

Waison Army Hospital In-house maintenance; outside 
Fort Dlx, New Jersey contractor for housekeeping 

Malcolm Grow Hospital 
Andrews Air Force Brse 
Maryland 

Beaufort Naval Hospital 
Beaufort, South Carolina 

Jacksonville Naval Hospital 
Jacksonville, Florida 
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STATE   OF   THE    ART 

Buildings and Equipment Ma'ntenance 

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. Spiraling labor costs,  especially for  skilled personnel. 

2. More complicated and expensive clinical and communications t 

equipment demanding highly skilled maintenance personnel. 

Maintenance costs for this complex equipment are 13 to 15 

percent of initial costs per year, twice that for conventional 

equipment. 

3. Demand for better health care requiring additional,  more 

varied,  complex,  and flexible equipment. 

4. 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. 

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

equipment is causing more problems than anticipated,  and why. 

I 4.   Keep an accurate history ^f repair costs and procedures for 

each piece of equipment so that preventive maintenance procedures 

* and spare parts inventories can be adjusted aceonlingly, 

| 5.    Help make repair-or-replace decisions based on realistic equlp- 

ment life expectancies and failure rates, 

I 6.    Evaluate the effectiveness of purchasing procedures by pointing 

out equipment which has not performed according to manufac- 

i turers' specifications. 

i 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 

equipment should be made to keep the equipment functioning optimally 

and prevent untimely failures. 

Preventive maintenance wheh 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,whenever new equipment is received,personnel should 

schedule regular maintenance checks. 
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Hospital IMannin» um! Const ruction 

Houaekccplng 

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 scientific and professional service.    Housekeeping's res- 

ponsibilities include upkeep of areas used by the general public, as well as 

professional and patient rooms (preparing vacant room for new patient.) 

Some general trends in housekeeping arc discussed below. 
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lUiiMmv; design, constructlon, and materials selection can greatly 

affeet the extent anil complexity of buiUUng maintenance.     Design concepts 

such as interstitial space can reduce maintenance costs,  sometimes at a 

slight ami iustifiabli- increase in capital cost.    Design errors,  such as 

undersized (ounilatiims anil structure, or Inadequate HVAC equipment,  can 

also result in expensive building maintenance ami repair problems. ( 

Construction method» can affect future building maintenance, 

especially ii design criteria are not followed closely.    Minor construction j 

proci'dmrs euch as tarth compaction,  structural steel bolting, and concrete 

quality control must be carefully supervised. 1 

Materials selection must be made on a cost/benefit basis with care- 

ful analysis of Investment and maintenance costs spread over the life I 

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 | erlodic pointing and has a lower Insulating value 

than some newer wall material, such as insulated metal panels.   Therefore, 

when choosing a skin material, we must consider initial and maintenance 

costs, testhetics, 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. 

! 
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1. Because ninety to ninety-five percent of the housekeeping budget 

is «enerally 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 one operation are available, as well as a one-step 

technique in which a germicfdal/detergent solution is sprayeil 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 eaby-lo-clean fibers have been 

developed.    Carpets are being installed in corridors,  offices,  lobbies, and 

patient rooms to minimize noise: reduci 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 advantage 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 case 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 initial cost and service life, was between twenty-three percent and 

one hundred seventy percent more than the annual vinyl-asbestos cost.   Cost, 

of course.  Is not the only element to consider in choosing a flooring 
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material.     Atstht-tit^ und iHiblu- relatiuns also have si^nifiiunt impurtanee. 

3.    Hospital housekeeping;,   if tk'fined as maintaining u bocteria-frec 

i-nvlronnunt fc»r patients ami staff,   includes providing sterile- surroundings 

in such areas as opcratlnK and emerKcncy n>onis.    The trend is to reduce 

air borne bacteria by various means,  including laminar flow systems using 

high efficiency particular air (HEPA) filters.    This does not preclude, 

however, the necessity for traditional cleaning of surfaces with a bacteri- 

cide or disinfectant. 
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ln-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 hospital size and 

location. 

1.    Cost 

Large hospitals,  regardless of location, can often justify in-house 

maintenance and housekeeping 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 sendee, with specialized maintenance personnel flown when re- 

quired.    Such a r'lvislon 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. 
I 
I 
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2. Service 

A properly trained in-hous«.- maintenance force always jupplies faster 

Ri-rvlce because it Is Iwally availai)le.     Whether the increased sneed is 

cost-itistifltHl or not depends on hospital size and |(»c-atlon and availabilitv 

of lal)or and outside eontraetors. 

An outside contractor,on t'ie «»ther hand,  can buy in quantity,  provide 

specialized skills,  and use expc/isive labor-saving equipment that a sin-J« , 

small hiBpital may be unal)le to purchase.     The contractor service, moreover, 

is devoted solely to maintenance and is therefore more knowledgeable of 

new technological developments.    Often an outside or shared maiptenance 

service can attract a trained personnel pool which can be efficiently 

spread over several hospitals,  increasing service effectiveness and reducing 

costs with only a slight decrease in speed ami increase in equipment down- 

time. 

3. Control 

An in-housc maintenance force is more easily controlled than an 

outside contractor.     Moreover,  in-hospital services foster employee 

loyalty,  interdepartmental cooperation,  scheduling flexibility,  and reduced 

security risks.    Hospital location, availability of reliable outside 

contracting services, and the extent of control needed and desirable must 

be considered during the hospital planning stages. 

Building and building services maintenance can be done by ln-house 

personnel, outside contractors, or a combination of both.    Most BLHC 

Systems will use a combination of methods: the routine work,  such as 

changing light bulbs, plastering, painting and minor mechanical repairs 

to HVAC equipment will be done ln-house; larger Jobs,  such as repairing 

a cracked floor or replacing a boiler will be done by outside contractors. 
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2. 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 several hospitals. 

3. 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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I Outside contracting of large maintenance tasks is being used more often 

becausei 

1.     (Mien only tho manufacturer ami dealer is staffed and equipped 1 

to offer maintenance services for the new and complex clinical 

iiul communications equipment increasingly U-iiu used.   Sm:dler 

hospitals, especially, cannot attract specialized and skilled main- 

tenance personnel; they also cannot absorb the costs of a total 

in-house maintenance stall, or the training costs ami 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. 
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MATERIEL HANDLING 

INTUOIHTTION 

Krliable,  efficient,  and economical management of materiel and 

supplies is essential to the mission of the Base  Level  Health Care (BLHC) 

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 materiel 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 

distribution concepts. 

^^cently,  though the labor situation has changed — unskilled labor 

has become scarcer,  mostly because of retraining,  and has become more 

expensive.     As a result,  an increasing number of hospitals, both Government 
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and private, have begun to investigate ana invest in automated materiel 

distribution installations. 

The Westlnghouse state-of-the-art survey focuses on medical 

facilities and manufacturers using electronically controlled mechanical 

devices for materiel movement.     Specifically we discuss automated carts, 

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 environment 

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,  Falrfleld,  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 
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Eastern Cyclone Industries,   Inc.,  Clifton,   New Jersey l 

I 
Eaton,  Yale,   and Town,   Inc.,   American Monorail Division, 

Cleveland,  Ohio 

1 
I 
I 
I 
I 

Ecology Industries,   Inc.,   South Plainfield,   New Jersey 

Footlik and Associates,   Skokie,   Illinois 

The Hobart Manufacturing Company,   Troy,  Ohio 

Jervis B.   Webb Company,   Detroit,   Michigan 

Market Forge,   Everett,   Massachusetts 

Mosler Safe Company,   Hamilton,  Ohio 

Powers Regulating Company,  Skokie,   Illinois 

Standard Conveyor Company,  North St.  Paul,  Minnesota 

United Service Equipment Company,   Morefeesboro,  Tennessee 

White Manufacturing Company,  Kensington,  New Jersey 

To complete 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 see how materiel handling systems are being implemented, 

we made on-site visits to various hospitals and companies and interviewed 

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 used by each organization are listed 

below. 

Location 

Greater Baltimore 
Medical Center 

Baltimore,   Maryland 

Castle Automated Systems 
Rochester,  New York 

Saint Louis Park Medical 
Center 

Saint Louis Park,  Minnesota 

Allegheny General Hospital 
Pittsburgh,  Pennsylvania 

Diebold Corporation 
Canton, Ohio 

Mayo Clinic 
Rochester,  Minnesota 

Application 

Tuggci' Train 

Demonstration Model of 
Cyberail 

Mosler Telelift 

Remington-Rand 
Randtriever 

Power Files 

Conveyor and Pneumatic 
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 ultinate 

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 System. 

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.    UM basic characteristics of the materiel to be handled: size, 
siiapt-,  wvinht,   statr (solid or liquid),  frequency <»f handling, 
IHTishihiliU 

I 

I 

I 

: 

2. Stina^i' and handling facilitiis at work stations. 

.'!. Transpoitation  routrs, 

I. Knviconnu'ntal  factors: saniUition,   noise level,  temperature 
control, 

"). Central storage and distribution capabilities, 

ü. Waste and trash disposal methods, 

7. Adequacy of maintenance staff, 

H. Operator training requirements and capabilities, 

9. Flexibility (short term and long term expandibility). j 

I 

t Materiel distribution components can be categorized as follows: 

1. Automated carts, 

2. Conveyors, 

3. Automated dumbwaiters. 

4. Pneumatic tubes, 

5. Pneumatic linea and trash chutes. 

The following section gives brief descriptions of typical improve- 

ment alternatives and the materiel   distribution trends they represent. 

Automated Carts 

Of all distribution components, automated carts offer the closest 

approach to the "total" function.    One alternative,  AMSCAR, uses an 

enclosed stainless steel cart,  two feot wide,  four feet long, and four feet 

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 openshelf hospital carts by 

means of a power-and-free conveyor.    A third alternative in this category, 

Cyberail,  uses a complex monorail-and-conveyor technique. 
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All three alternatives perform the distribution task in a manner 

that most nearly approaches th-k ideal:    containers are routed l»y  means of 

automatic traffic controls,  and minimal manual input is employed in tin- 

actual transportation of materiel.    These alternatives  represent the most 

recent developments in automated carts,  and tlu-ir capahilities make 

them prime contender:; for new systems where size and volume of materiel 

warrant.   Moreever,  the manufacturers of the above equipment aio dcvelopinu 

computerized materiel manancment alti matives that will be available by 

1975 antl will integrate invcnt<»:*y control,   requisitioning,   receivinK,   stontue, 

and distribution. 

Table 1 lists the locations where the above distribution systems 

arc being applied. 

Conveyors 

A wide range of choice is available in conveyors,  from simple 

installations such as Lamson's and Olson's vertical conveyors that handle 

food trays and supplies both horizontally and vertically, to complex 

monorail/eonveyor installations that nearly duplicate the capabilities of 

the automated cart alternatives.    The Lamson conveyor is also available 

in a model which uses two separate subveyors to segregate sterile and 

soiled materiel. 

Although conveyors cannot handle the large loads cai ried by 

automated carts, their versatility,  speed,  lower cost, and expansion 

capability make them quite suitable for smaller systems,  as well as 

Important segments of improvement alternatives combinations,  such as 

the Olsen distribution Installation in the Veterans Administration Hospital, 

Washington,  D.  C. 

The Spiral Supply-Ramp Concept 

Custom-designed for the Greater Baltimore Medical Center, this 

concept entails a tractor pulling a train of supply carts up and down a 
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Tahh- 1:      Summary <»f K^uTirm-i- for Total  Distribution SvsU-ms 

Systt-m Hospital 
Nu ml»«-r 

lUils 

American Sterilizer 
Company - Amsto 

Castle Comjiany - 
Cyberail 

Columbus-McKinnon 
ACTS 

I>atf 

Loyola I'nlversity liospit.il, t.'jU 
flines,   Illinois 
rairfax Hospital,   Falls MH UN 
Church,  Xir^inia 
Klliott White Spring's 
Memorial Hospital, I^aneas- 
ter.  South Carolina 

'   Strong Memorial Hospital, 700 197a 
Hochester,  New Vork 

• I'nivers ty of Connecticut 1972 
Hospital,  Farmington, 
Connecticut 

• St.  Joannes de Deo Hospital, 
Haarlem,  Netherlands 

• Meppel,  Holland 
• Hridovre, Copenhagen 
• Also, about 13 feasibility 

studies have been per- 
formed and are pending 
decision 

In various states of acceptance 
or completion: 
• Baptist Memorial Hospital, 750 1971 

Jacksonville,  Florida 
• Clifton Springs Hospital. 250 1972 

Clifton Springs,  New York 
• Etoblroke Hospital,  Toronto, 500 1971 

Canada 
'   Mercy Hospital,  Buffalo, 340 1969 

New York 
• Providence Hospital, Cincln- 360 1970 

nati, Ohio 
• University Medical 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.    Thcrr :m> three exits from the ramp at eaeh level, 

allowing the eart tn travel varyinß lengths down service corridors to 

planned tum-an»und |»oints.     Ki-om thc-se terminals,  earts can be detaeheil 

for individual,   manual delivery into nursing units ami other smaller areas 

where needed.    A central dispatch center contmla the schedullnu of the 

carts. 

Pneumatic Linen and Trash Chutes 

Sevenl new health systems arc installing pneumatic and gravity 

chutes to move soiled iincn and trash.    The Aerojet-General's Automated 

Vacuum Collection (AVAC) alternative uses vet.ical chutes,   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 collection hopper accomplished pneumatically. 

Eastern Cyclone Industries' "Airflyte" alternative uses negative 

air pressure In a cylindrical tube — 12 to 20 inches in diameter — to 

transport soiled linen or trash up, down, diagonally, around bends, from 

multiple depository points to or..? or more collection points.    Both items 

are carried in the same tube with destination selection accomplished by a 

switch at each depository point. 

These alternatives appear to be a significant adjunct to the overall 

materiel distribution function.    They are reliable,  easy to operate,  and 

handle a large portion of the materiel distribution load. 

Exchange Carts 

With this alternative, which represents a good manual approach 

to one facet of distribution, two carts are assigned to each nursing unit.   One 

cart serves as a storage unit while the other is being refilled in the supply 

areas.   Carts are rotated between nursing units and central supplies at con- 

venient times (low traffic and workload periods.)  Carts contain I. V. soLutions, 

linens, and other predictable use Items; meals and drugs are handled independt nth. 
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Soii.i- ail.liti"nal maUrirl  handling ctmshk rations aiv ilistusstil IM|..W: 

1. I lu- physical hamllin^; of hospital matirirl is hi^hiy 

srnsitivi- to i-uiiaui* mmv so tlun urifiht,  sinco Wt art* not,  in 

thf main,  dealing with highly tivmv materiel.    The hospital, 

moirovi-r,   is confronted with so called loose issue,   i.e..   Hems 

hru' en »Ltwn from ludk,   and relial) (.■ information MPdMllliMI the 

ioose issue distribution in terms of cubic feet :ind delivery 

frequencies is not available.   Some effort has been started by the 

military to establish data for cubage/day/affliction, but much 

more needs to be done.    Decisions must be made on delivery 

frequencies,  container sizes,  maKpower requirements,  automated 

system requirements and the like. 

2. A system which permits ler.iote supply requisitioning 

and provides automatic inventory control may be fully integrated 

into a hospital's electronic data processing system.    Such a 

system would produce hard copy at the supply source via indirect 

means and enable the requesting party to verify the order before 

it is sent. 

3. Trash removal will become a more significant problem 

as the impact of disposables, particularly in food service 

areas,   is increasingly felt.     A suitable trash compaction 

device seems highly desirable, if not essential at the points of 

trash generation, and paper shredders and kitchen disposals may 

also reduce waste bulk.    The problem,  however,  is not completely 

solved with the shredder/grinder/compactor device (which might 

be portable for use by several departments) but should incorporate 

a system for removing compacted trash to a central collection 

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 usinK it as a source of energy,  to encapsulating it in block 

form for use as a building material. 

4. Software should be developed to permit eontinuous 

evaluation of facilities planning and utilization.     Warehouse 

facilities and materiel handling systems should br fb-xible and 

be subject to eontinued analysis. 

5. The choice of an "optlmar"   system cannot   iv 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 

sendees,  the number and differentiation by specialty of its 

Ftaff; 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 

OMost,  If not all, of the considerations for research and development 

discussed below are not completely new; however,  they have not been applied 

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 beyond. 
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1.     UM) OmsiiU-ratjons from  I'JTJ to  i;»75. 

a. Matiri»!  Ivimllin« um! storago prablenM i-un In- simpliflid hv 

iimtixtllinn bulk patkat-e si/.rs but also l.y i-ontrullinn tht- shaju-s of tht- 

smaller packages within the bulk eontainer.    This might be referred to as 

modular paekauinn.     If for example,  a plastie 1. V. solution bottle is to replace 

the glass I. V. bottle, it should be manufactured in a sha|K* amenable to bulk 

packaging and storage.    Although hospitals may not be able to stipulat 

modular laekaninn to outside suppliers,  they can control modular packaninu 

within the hospital, particularly in such areas as pharmacy,  central supplies, 

linen control,  and sterile supplies. 

b. With the trend toward paotaginK single use items,  it is 

possible thi\t all items distributed for consumption or patient care, including 

linen,  food, equipment,  and pharmaceuticals, could be delivered on demand 

from a single warehouse area.     Pilot studies should be Implemented to 

determine the effectiveness and efficiency of this " single warehouse" 

concept.     If carried out to the fullest extent, total inventory control would 

be tlv« responsibility of a single department and would no longer be   decentralized 

throughout the hospital. 

c. Patient handling systems have not been treated as an overall 

systems problem,  especially In terms of an automatic or semi-automatic 

handling.    The patient handling solution most likely Involves some combina- 

tion of the stretcher/table/wheelchair/commode/bath array of equipment, 

and may be able to share the automatic or semi-automatic materiel handling 

systems. 

2.     R&D Considerations for 1980 anc Beyond. 

If a successful solution to modular packaging Is found, direct 

delivery of Items to Individual patients regardless of location (his room, 

surgery. X-ray) may bo possible.    Gravity and/or a conventional pneumatic 
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tub«- system could prohably deliver and    remove 95'7 of all individual!\ 

paekagcd items. 

On a limited basis, the hospital  may possibly play tht-  rale of 

nianufaeturer,   therrby rompletin« tho solution of prot-i ssin^/reprocessin« 

and convfrsion/disixisal.     For example,   plastic and IW mwOM items may tx 

pi-oduci'd within the hospital from rav materials.    Thus,   raw Knatcrial 

storage is converted to finished products and delivi-red to patit nt in I 

continuous cycle; finished goods inventory ultimately is «liinlnated and 

replaced by in-process inventory. 
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MULTIPHASIC TESTING 

INTRODUCTION 

Muitlphasic testing Is not a new medical concept.   As long as there have 

been tests of organic functions, these tests have been used in tandem as a means 

of detecting disease.   The periodic physical examination is the classical example. 

In the recent past much effort has been devoted to automating the process 

of multiple testing to reduce costs, minimize physician time, and assist in 

diagnosis of disease through comparison of individual test results to "normal" 

limits. 

The concept of mass screening of a total population in order to detect 

disease in its early stages and so reduce the overall cost of health care and reduce 

mortudity and mortality has yet to be proved economically sound.   Selective 

rather than total population screening, appears to be the more valid approach. 

By selecting age/sex specific components of the populations, testing can be 

oriented to those diseases most prevalent within the selected group.   This 

requires: 

1. Evaluation of age/sex data within the target community 

2. Determination of the "high risk" diseases related to that data 

3. Analysis of the availability, reliability, and cost of the tests 

designed to detect these diseases 

4. Estimation of the total number of patients involved. 

The systems considered in this state-of-the-art survey of muitlphasic 

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 current state of health. 

TECHNICAL APPROACH 

The BOA survey of muitlphasic testing was initiated with an extensive 

literature search of periodicals such as the New England Journal of Medicine, 
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Hnspitals, JourgSt ofjO^ct^tiogal Medifinr,, and Journal of the AmtTicun 

Medical Asgoclaüoo.   A blbliognpl^y is toclttded at Uw vnd of this section. 

In aililitioii, on-sitf visits were nunk' to: 

The Kaiser Foundation Hospital in Oakl. nd, California 

TH« Health Evaluation Center at the C.S. V. U.S.  Hospital in Baltimore, 

Maryland 

Health Auto-Data,  ine., Washington,  D. C. 

Automated Multitest Medical liihurutory. Inc.,  Palo Alto, California 

Medidata Seienees,  Inc.,  Cherry Hill, New Jersey 

Additional Tests 

Inclusion of more tests, especially clinical laboratory tests, for additional 

disease entities, will expand the total diagnostic capabilities of multiphasic 

testing.   Among the additional tests being considered are: 

• Stress testing in the cardiovascular area 

• Rectal and hernia examination for men 

• Thermography for women 

• Phonocardiagrams 

• Additional blood tests for: 

Electrolyte 

Triglyce rides 

3-2 .r)4 
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STATE OF  THE ART 

The general trends in modern multiphasic testing are: 4 

1.    To expand the list of tests given. 

U.   To further automate the history taking process. I 

.!.   To use relocatable screening facilities. 

4. To limit testing to discrete body systems, j 

5. To utilize the dedicated computer approach to automated screening. 

(j.   To incorporate multitest screening as a routine hospital pre-admission | 

procedure. 
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Free Fatty acids 

Protein-bound iodine 

Heavy metals 

Blood group determination 

Stool guaiac test for occult blood. 

In many screening centers oral examination and dental radiography are 

already included.   Their use is increasing and may eventually become standard 

procedure. 

Increased Automation of the History-Taking Process 

Patient history-taking is becoming increasingly self-administered via 

questionnaires presented by video and audio-video devices.   By developing the 

pertinency and logic of the questionnaires and reducing ambiguities, more accurate, 

all-inclusive data can be provided without increasing 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 test procedures thus indicated before 

the patient and his test results are referred to the doctor.   Specific history-taking 

devices are discussed in the Communications and Data Management section of 

this volume. 

Increased Handling Capacity of the Chemistry Laboratory 

The increase in screening capacity, produced by automation, has created 

a corresponding need for more blood chemistry work.   This can be achieved 

to costs, it must be considered that as more determinations become standard, 

cost per determination decreases.   Specific automated analyzers are discussed 

in the Clinical Laboratory section of this volume. 

Relocatable Screening Facilities 

On-site screening is best served by the relocatable screening facility. 

There are two types: the fully mobile and the transportable. 

. 
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I 

Pacilltiea of the first type are nonafttly hoiuwd in special \rans or tructur- 

trailrr combinationa ctHUtructed for maximuin mobility.   They have thfir own 

power traction units and hence CAB be buttoned up" and made roadworthy very 

quickly«   Transportable screening facilities, on the other ham1, are l^ss mobile. 

Although they tan move from one location to another, onee located, they are 

semi-fixed in place and the traction unit is removed completely.    Facilities of 

this type resemble the portable school rooms used in many paits of the country. 

Because they are moved about far less, t^ey need not be as roadworthy as the 

hilly 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 j 

and the Health Services Uesearch Branch of the Federal Health Programs Service. 

This version uses several basic structural components, each 4 feet deep by 8 

feet wide by 8*1/2 feet high.   Two such modules are joined by 8-foot hinged panels 

to make an overall compartment that is IG feet deep by 8 feet wide by 8-1/2 feet 

high.    Movable equipment such as cabinets, medical items, supplies, hygiene 

components, and furniture can be packed for shipment inside these basic units, 

which are easily handled by road, railroad, snip, or air.   Many different floor 

plans can be developed from these basic modules by joining them in the desired 

configurations. 

Except in the case of very limited screening procedures such as the familiar 

chest X-ray, most mobile multiphasic screening systems are housed in two or more 

vans.   Only the largest and most complex, however, include on-site automated 

blood chemistry 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 combined 

with laboratory. X-ray, and EKG analyses to produce a final report for later 

disposition. 
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Another approach to multiphasic testing is to use a single facility for a 

dual purpose; a daytime clinic, for example, could be easily 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 to the dedicated systems approach 

exemplified by chest X-rays for tuberculosis, dental screening, aad screening 

for female cancer.   This approach is now being carried a step further and 

applied 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, real economies can be realized in obtaining i-apid and 

accurate diagnoses where these body systems are suspect. 

Use of the Dedicated Computer 

Several recent designs for multiphasic screening facilities have stressed 

the use of the fully on-line dedicated computer for practical handling of a larger 

number of on-line 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 patient progress through 

the facility and the expediting of routing to test stations.   The dedicated computer, 

moreover, can program assessments of collected data.   Through programmed 

diagnostic logic, it can also signal the need for additional tests and/or immediate 

medical attention.   The  Medidata Sciences and Kaiser systems offer the capability 

for such a computerized approach to multiphasic screening. 

Use of Multiphasic Testing for Pre-admission Examination 

A newer application of multiphasic testing is its incorporation into the 

standard pre-admission routine 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 tu -omplete the full multlphasie battery.   The latter procedure, 

moreover, may yield a great deal of valuable supplemental Information as well 

as an excellent base-line definitioi. of the patient's total situation at admittance. 

It is thus advisable to have every patient, his condition permitting, undergo 

complete multlphasie testing upon entering the hospital. 

Advanced Technology 

During the next three to four years stress testing will be included in 

cardiovascular screening Jind new biochemical hemntologlcal and immunologlcal 

variables will be introduced.   CartUovascular testing, generally, will emphasize 

a systemic rather than a parametric approach.   The volume of physiological and 

historical testing procedures now automated — some AO'l — is expected to double. 

Anthropometry studies will be expanded to Include lateral thoracic width, body 

mass, and füll body photography.   Computer programs will be developed for 

multlvariate-multifactorial analysis and will be used 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 preroKatives,    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 communications 

methods selection will affect the pharmacist's role and his Involvement with 

effective and efficient professional health care delivery. 

When considering a new hospital,  the pharmacy function must be 

evaluated by thorough review of the following basic principles: 

1. Safety.    The prescribing-compoundlng-dlstributing cycle must be as 

clinically safe as possible.    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.    Facilities and equipment used for drug storage should be 

accessible only to physic: ms, 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 material 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 Identification.    Dispensed drugs should be adequately identified 

with generic name, potency, expiration date, and lot or control number. 

5. Service Continuity.    If automated dispensing methods arc to be used, 

standby pharmaceutical services should be available in the event of 

mechanical or electrical failure. 

6. Efficiency.    The pharmacist's time must be optimally utilized for the 

maximum benefit of other hospital personnel and patients. 

Our state-of-the-art study of pharmacy considers the above 

principles as they apply to communications and drug distribution,  and the 

advanced technology  portion of this report discusses some concepts and 

equipment that are being researched but will be unavailable for implemen- 

tation by 1972. 

TECHNICAL   APPROACH 

Our state-of-the-art survey of pharmacy was initiated with an 

extensive literature search of periodicals such as the American Journal of 

Hospital Pharmacy,   Drug Intelligence, and Hospitals.   A bibliography is 

included at the end of this section. 

To keep abreast of the latest developments,  we personally contacted 

the chief pharmacists 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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University ol lowu Drun Information Center 
Iowa City,  Iowa 
University <>i Kentueky Unit Dose Study funded by 
Lexington, Kentucky the Public Health Service 

St.  Joseph Mercy Hospital IV Additive Program 
Ann Ailnu',  Michigan 

Mercy Hospital Unit Dose Program 
Pittsburgh,   Pennsylvania 
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Especially helpful in our research were two studies conducted at the 

University of Iowa: 1) the Unit Dose 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 Regional Medical Program at ( 

the University of Missouri. 

STATE   OF   THE   ART 

The general trends in pharmacy functions can be broadly discussed 

within two major categories:   Communications and Ding 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, facaimile 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 

decreased. 

c. The prescription can be compared to patient history through 

computer techniques enabling the pharmacist to check the 

prescription's accuracy and applicability to the specific patient's 

needs. 

The general trends in system communications are discussed in detail in 

the communications and data management sections. 

2.    Drug Distribution Methods.     No single drug distribution method 

satisfies all the needs of the BLHC ffystcm.    A total distribution method 

is a composite of several sub-methods selected 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 dintribution and require specialized 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 

• those administered in conjunction with a specified 

procedure 

• those administered within a specified time at the patient's 

request or when medical or medical support personnel 

feel administration is necessary.    All categories imply the 

need for different sub-methods. 

c. 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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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 used,or which require strict control are specially 

requisitioned. 
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toward InoreSSlSg the pharmat'lst's invo'vt'mt'nt in th»- total dng 

dellvory and administration function with a correspondin^ rt— j 

orientation of thi" nurso tt»\vaixl patient care. 

e«     Communication Methods.     The tyj)e or types of communication 

methods employed will directly influence drug delivery.     A 

lengthy   response time due to lack of direct communication, 

varied and incomplete communication channels, and lack of 

documentation will restrict Implementation of newer distribution 

Innovations. 

f.    Type of Service.     Service demands vary among hospitals and 

among departments 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 Internal medicine department will demand more rapid pharma- 

cological response than an OB-GYN department.    These varying 

service requirements can be compounded by patient age, 

prognosis and diagnosis, extent of research facilities, and type 

of medical staff. 

I 

( 

1 

; 

I 
I 
I 
I 
I 



The systematic drug   replacement 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 seven-day supplies. 

After removing the drugs, the nurse stamps the charge slip with the 

patient'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 quantities 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 markets 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 relieves the pharmacist of routine tasks,  his 

efficiency and value to medical personnel can be increased through an 

expanded role in recommending and implementing new diug therapy. 
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Automulocl outpatient dispensing within the controlled environment 

of the outpatient clinie of a health care facility is feasible. After input 

of the patient and prescription information on u terminal, a labeled drug 

and a billing statement would be produced which would facilitate monthly 

billings; daily, monthly, and yearly management 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 insure adequate sterility,  formulation,  and 

stability,  such fluids should be centrally prepared in the pharmacy and 

delivered to clinical units for administration. 

The  drug information center    provides data regarding drugs,  drug 

therapy,  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 th<; cart due to stability, bulk, or control requirements will be j 

periodically prepared and added by the clinical pharmacist.    The clinical 

pharmacist will periodic? lly check all patient medication profiles for | 
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incompatibilities,  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 research and development 

stage and will be available for implementation only after 1972 are discussed 

below. 

By 1975 the mechanical dispensing system will be able to handle 

a greater percentage of required drugs,   since research is underway to 

produce devices capable of handling dosage    forms other than tablets or 

capsules. 

The pharmacy medication administration concept, which could be 

implemented by 1975,  stipulates that the pharmacy department will have the 

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 

Clinical monitoring includes the instrumentation,  procedures,  and 

medical concepts used to intermittantly or continuously observe or measure 

a patient'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 :n intensive care 

sections,  i.e., coronary, surgical recovery,  fetal care, and pulmonary cure 

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 clinical laboratory instruments are discussed in other 

portions of this volume. 

TECHNICAL APPROACH 

I 
I 
I 
I 
I 
I 
I 
I 

In researching current developments in physiologioal 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 

Association,  Biomedical Engineering.  Circulation   and Journal of Applied I 

Physiology.    We also examined pertinent conference proceedings and doc- 

toral dissertations.    (Specific references are included in the bibliography at ■ 

the end of this section). 
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We then attended conferences and visited hospitals and universities 

across the nation consulting medical persoinnel skilled in the application of 

monitoring equipment.    These meetings are enumerated below: 

1. St.   Mary's Hospital,   Rochester,   Minnesota. 

2. Latter Day Saints Hospital,   Salt Lake City,   Utah. 

3. University of California,   Los Angeles,  Califronia. 

4. Beckman Instruments,   Fullerton,  California. 

5. Presbyterian Hospital,  San Francisco,  CaliJomia. 

6. Allegheny   General  Hospital,   Pittsburgh,   Pennsylvania. 

7. Presbyterian Hospital,  Pittsburgh,   Pennsylvania. 

8. Children's Hospital,  Pittsburgh,  Pennsylvania. 

9. University of Alabama,  Birmingham,  Alabama. 

10. University of Virginia,  Charlottesville,  Virginia. 

11. 1969 American Heart Association Meeting,  Dallas,  Texas. 

12. Fifth Annual Association for the Advancement of Medical 
Instrumentation, Boston,  March,   1970.    Theme:   Automated 
Patient Care. 

13«    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 whose names were obtained from The 

AAAS teatruments Guide and The Medical Instrumentation Guide.    The manu- 

facturers   generally responded with descriptive literature of available 

Instrumentation, but several companies supplied detailed analyses of specific 

systems in the development stage.    These catalogs and Information were 

reviewed and are available on file. 

STATE OP THE ART 

m physiological monitoring, the need for aeeumte measurement of 

the physiologic status» cither continuously or Intermittaniiv, is being inereasingiy 
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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 are being defined in the areas of coronary 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 

organized according to affected organ systems. 

Some K«ni*ral trends in physiological monitoring are to: 

1. Expand the use of systems analysis techniques to define 
necessary and significant data so that engineers/manufac- 
turers can design and produce the necessary equipment or 
modify existing equipment. 

2. Collect data contlnuouslv to chart patient progress during 
treatment. 

3. Measure, or compare, data with set parameters which 
when exceeded will warn the physician and diagnose   or 
aid In diagnosis of the patient's condition.    If adequate 
data are not available, the performance of clinical monitoring 
Instruments should be reassessed; respirators for lung 
support, ventricular assists and drug therapy performance 
must be reassessed for each change in patient condition. 
Measurements may be continuous or intermittent. 

4. Establish a positive ckta base to enable the physician to 
more accurately predict patient condition and take positive 
corrective action. 

5. Expand instrument flexibility to meet broadened data col- 
lection and measurement needs and to correlate large 
quantities of data. 

6. Increase cooperation between Industry and health-care 
officials to better characterize data needs by defining the 
medical problem, the medical parameters to be monitored, 
and the necessary hardware.    More precise problems 
definition necessitates a reexamlnatlon by physicians and 
bloenglneers 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 below,  arc: 

1. Utilization of advanced monitoring t-quipment to improve 
comnary care, including eardiae trt-nd analyzers, blood 
gas analyzers,  arrhythmia monitors,  and telemetry. 

2. Expanded application of monltorinu cquipmi-nt in tht- surgical 
recovery area. 

3. Application of ventricular assist devin s,   rospiraturv 
assist- rs,  and blooil gas analyzers to improvo (Hilmonarv 
care. 

4. Utilization of a computer to manage  data generated In 
monitoring devices. 

Coronary Care 

I 
I 
I 
I 
I 
I 
I 
I 

The coronary care unit employs the most advanced clinical monitoring 

equipment.    Continuous measurement of a few,   relatively simple, physiologic- 

variables have improved patient care and reduced the mortality rate,  par- 

ticularly of patients whose heart attacks   did not profoundly affect the heart's 

pumping action. 

The major instruments now being used in coronary care are discussed 

below: 

A. The Lexington Instrument Company pr »duees a cardiac output 

trend analyzer which indicates cardiac output based on analysis of arterial 

I blood pulse pressure.    The device does not measure cardiac output directly 

but indicates a trend in cardiac output based on changes in pulse pressure 

assumed to be related to changes in cardiac output.    The device uses an 

arterial catheter to obtain unattenuated central arterial pressure and,  con- 

sequently,  provides pressure measurements as well as the enrrelatlnn tn 

cardiac output. 

B. Instrumentation Laboratories  blood gas  analyzers both for tensions 

and saturations perform routine blood gas measurements 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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Cardlovaacular and Pulmonary 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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flushing.    Thf di-viees may be simply and reliably operated by non-skilled I 

personnel. 

C".    An arrhythmia monitor manufactured by the Hewlett-Packard 

Company provides sek-eted ncords of KKG data used to determine life- 

threatening arrhythmias.    If an arrhythmia is detected,  drun therapy can be | 

initiatetl to prevent fibrillation.     The device is not diagnostic but does relieve 

the attendent of some tiring and time-eonsuminK monitoring of the KKG scope. I 

I).     Telemetry,  which operates independently of hard wire facilities, 

permits remote monitoring of the EKG'sof cardiac patients.    The device j 

lb also being used experimentally in mobile coronary care units.    In 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 ph sician.     If the 

physician detects an arrhythmia,  he will instruct the ambul. ncc worker on 

how to care for the patient until he is admitted vo the hospital. 

Sargical Recovery 

Impk-oved 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 

fluid 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. 

I 
I 
! 

I 
I 
I 
I 
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with the patient's hi-art.     Limited clinical studies show that it improves 

circulatory dynamics during application, but as vet has not been shown to 

significantly affect mortality due to the   lisease process.     The effect on 

the circulatory status is encouraging,   however,    and this device has appan-nt 

promise for future use as a ventricular t« < hniqm . 

B.     Hespiratory assistors are used for inti-nslve can- of patients who 

require assistance and/or control of the respiratory function.    The 

Bennett MA-1  Respirator is an eleetricalI\-powered,  volume lii.iited 

controller or assistor for patient respiration.    The device can control rate 

of breathing,  length of inspiration, total volume inspired,  total minute volume, 

and will periodically cause deep sighs for the patient.    The humidifier 

moistens the air breathed by the patient and can be used as a nebulizer for 

medication.    Alarms indicate pressure* limits, oxygen deficiencies, 

anomolous ratios of inspiration to expiration, and discrepancies in tidal 

volume.    Additional 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 emphasized pulse rate, blood pH, and 

blood O2 measurement in the fetus during delivery,  supplying data which 

permits positive and aggressive intervention by the plnskian.    The Fetal 

Care Unit has largely been neglected by industrial concerns, but new 

Instrumentation Is being developed.    For a further discussion of fetal 

monitoring,  refer to the Obstetrics portion of the QmiHrf Medicine section. 

Other Considerations 

A,    The mass of monitor'generated data necessitates an information 

management and display system,  but no existlnu hardware svstem Is 

adequate.    The extreme complexity of patho-physlologlcal data and the lack of 

accurate,  simple, practical sensors trc the primary problems.  The eomputcr is 

often held up as the saving technology, and It must be counted on to play 

a major role in the future.    Computer! havi  been used experimentally to 
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niunanf thi- mass of infurmation whifh accrues in longer term intensive eare I 

of a patient,  e. n.,   radiographlc fiidings,  and laboratory,  clinical, and on 

lint- measurements.     However,  the practical value of computer data manage- | 

menl has n<>t yet been realized elinieally. 

B.    Before determining which clinical monitoring instruments or group 

of instruments should be installed,   their effect on planning and construction 

should be considered.    One arehiteetural concept locates all Intensive care 

sections within a small area,  on the principle that concentrations of 

specialized equipment and nurses are most "fti'ient and effective.     Another 

eoneept plaees intensive eare rooms elose to the nurse's station on a 

typical ward floor; patients requiring less care will be in more remote 

looms.    A third concept installs all necessary monitoring equipment 

"plugs" in every room so that any room can be transformed into an 

intensive care unit.    The chosen instrument placement concept will,  of 

course, affect 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 described 

in the scientific literature (and in the press) and the degree of monitoring 

actually practiced on a broad clinical 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 clinical application,  moreover, 

arc 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 disease processes causing rapid changes in patient status. 

For general ward patients essentially no value,   either in patient care or 

hospital costs,  can be forecast for monitoring variables such as EKG, 

blood pressure,  temperature and breathing rate. 

Some areas in physiological monitoring that  require additional  research 

and development are listed below: 

1. Additional monitoring devices for care areas (fetal care, 
ambulatory coronary care) other than intensive coronary 
care units should be developed. 

2. Data gathering and storage techniques should be perfected, 
and data should be available for display on a 24-hour/day 
basis. 

IS«     Monitors should be equipped with devices which continuously 
or intermittently check their own operational accuracy. 
For example,  measurements should assess the performance 

I of such equipment as respirators and ventricular assist 
devices. 

4. Monitors should be developed to assess drug effects,  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. 

5. The use of continuous monitoring for diagnostic purposes 
should be further explored. 

6.    Arrhythmia monitors need to be developed which relieve 
the operator of continuous surveillance duties by interpreting, 
to some degree,  the incoming EKG rhythm.    The device 
need not provide a 'diagnosis," but should alert the attendant 
and provide a convenient record of data on which clinical 
decisions can be made.    At the same time,   it must not 
sound a large number of false alarms. 

7.    The measurement of blood oxygen levels ind cardiac output 
must be adapted to perform well in a clinical setting. 

8.    Mixed venous oxygen level is believed to be a very informative 
variable for continuous monitoring because it contains reflec- 
tions of cardiac function as related to motabolic demands 
for oxygen.    Consequently,  this single meas-jrement 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 operational status of the respirator. 
Further development of monitors for these two oxygen levels 
is needed. 

9.     At present,   monitoring of the heart's output, the oxygen 
level in the blood returning to the lung,  metabolism levels, 
and the amount of blood available for circulation are being 
accomplished in   »nly a few research centers in the country, 
such as Presbyterian Hospital in San Francisco and the 
Latter Day Saints Hospital in Salt Lake City.    In the case 
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. | 

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 
I 

display — within several patient parameters such as ECG, arterial pressure, 

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 with 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: 

•   Arrhythmia monitor calls attention to ECG abnormalties indicative 

of abnormal conduction paths in the myocardium.   Specific 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. 

• Heart rate module accepts a signal derived from the QRS complex and 

generates a voltage proportional to rate, sounding alarm conditions 

when physician-set limits are exceeded. 

• Cardiac output device indicates the direction of change of the flow of 

blood by multiplying pulse pressure by heart rate. 

I •   Pressure analysis unit derives the mean pressure and the pulse pressure, 

the difference between systolic and diastolic pressure. 

I The second Westinghouse system, called the MED 70, by-passes the modules and 

uses a distributed complex oi small central processors, all identical and inter- 

} changeable, to perform the above functions. 

i 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 a teletypewriter output and 

a chart recorder. 

By combining the elements in different ways, the MED 70 can be tailored to 

meet specification problems, and the number of parameters can be expanded easily. 

The system is also compatible with digital computers since the information is 

stored in digital form in the shift register memory.   Information can be automatically 

drummed into the memory bank of a large central computer every 24 hours. 
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Three unique features distinguish the system.     First, it uses standardized, I 

unified graphieal and aiphanumerical patient parameter displays.   All displays 

are in one location with the two parameters displayed side by side, and the t 

displays are identical at the bedside and at the central station.   Only monitored 

parameters are displayed because all digital information will be presented on a | 

computer-controlled alphanumeric display rather than a bank of digital meters 

which could leave blank spaces. j 

Second, the system has independent, parallel processing for the graphical 

and alphanumeric patient parameter displays.   Should either display system fail, I 

the other would not be disabled, and one display system can be used as a check 

against the other, thus enhancing reliability. ! 

Third, identical, interchangeable small computers in each unit permit 

the continuou? analysis of patient parameters and further increase system re- 

liability.   Since all computers are identical, a single Space standby computer 

could supply backup support in case of a computer failure, and less than 20 

minutes would be required to change computers. 
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TECHNICAL APPROACH 

I 
I 

PLANNING a 

INTRODUCTION 

I 
I 
I 

I'I.UWUM^ is used ht'n, to cover the ptXHliction of patient care requirements, 

including «k-iuami on the health care system such as outpatient visits and inpatient 

admissions, and lacility-indcpendcnt quantitieb, such as bed occupancy and 

ancillary us;ige. required to meet that demaml.   This definition excludes 

architectural planning. I 

Approaches to planning dlller both in methodology and in the rineness of 

detail within a methodology.   The efficacy of a planning methodology, however, 

is difficult to assess quantitatively, for other factors, such as limited finances, 

may prevent a health care system from developing in the manner indicated by 

careful planning.   This .survey discusses present methods of planning and factors 

which influence planning.   The cost of varieus planning methods has not been 

studied. 

I 
I 
I 
I 

An extensive literature search of books, monographs, and periodical 

articles on various aspects of planning was the first step in the state-of-the- 

art survey of hospital planning.   A selected bibliography is included at the 

end of this section.   The Westinghouse study team also drew on the expertise 

and experience of several consultants; 

C. D. Flagle, Professor, School of Hygiene and Public Health. 

The Johns Hopkins University 

H. Griffin, M. D., Dean, School of Public Health, University of 

Pittsburgh 

E. Libman, Hospital Planner, West Penn Hospital, Pittsburgh 

R. D. Smallwood, Associate Professor, Department of Engineering and 

Economic Systems, School of Engineering, Stanford University. 

K. L. White, M. D., Chairman, Department of Medical Care and Hospitals, 

School of Hygiene and Public Health, The Johns Hopkins University. 

To become familiar with military BLHCS planning, Ute Westinghouse teams 

also made visits to the following locations in Washington, D. C.: 

Air Force:   Directorate of Plant and Hoapitalizatlon 

Office of the Surgeon General 
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Navy:        Utilization and Requirements Branch 

Bureau of Medicine and Surgery 

Army;       Medical Facility Planning 

Offtce of the Surgeon General 

To directly observe planning practices in the civilian sector, we visited 

Kaiser Foundation Health Plan hospitals in San Francisco, Redwood City, and 

Panorama City in California, and consulted with the Kaiser Medical Methods 

Group. 

STATE OF THE ART 

Planning methods can be classified  (1) as extrapolation from past workload 

viewed as a time series {historical workload) or  (2) as projection of population 

and Its estimated usage of health services.   If the population is stable or only 

changing gradually and if medical practice and technology also change gradually, 

the first alternative will work reasonably well.   Should the p pulation change 

r»pldly, a time-series workload analysis may not be sufficient, and patient care 

requirements may be better predicted by the second alternative. 

In the fragmented civilian sector of the U.S. health care system, many 

planning methods are used.   An individual hospital, acting in isolation from the 

community, uses historical workload by default, since no other method of 

projection is possible.   The principal forces in determining the development of 

additional facilities and services are usually internal pressures, such as long 

waiting lists for admission or increased medical staff demands for ancillary 

services.  The rising cost of hospital construction   and the stress the Hill-Burton 

act place i on area and community planning   is forcing hospitals away from 

this insular approach. 

Over a larger geographic area, or with a defined population, projection of 

patient care requirements on the basis of population is at least possible.   Under 

the "area health >eeds approach," a hospital plans its future not only in terms 

of internal institutional requirements, but also in relation to the health "needs" 

of the community.   The c immunity is usually defined in terms of the geographic 

area from which the hospital draws its patients.   The hospital, of necessity, 

works with other area health care groups to avoid duplication of efforts.   As an 

example of this approach, the Evansion Hospital, Evanston, Illinois, In 1966 

3-299 



J 
I 
I 
I 
I 

used projections of fiopulution «rowth together with historical demand rates and 

utilization statistics to arrive at expansion requirements. 

Community master plans provide some coordination of health care services 

over a large geographic area or for a large population.   With this approach, 

health care group* ami community leaders establish area health prioritiee and 

define a role for each area health service.   Kach participant may influence the 

direction of future activities,   because the planning council, as a rule, has 

little real authority, such plans are rarely drawn up in detail. | 

The U.S. Public Health Service siqiervises and assists state-wide planning, 

as established by the Comprehensive Health Planning and Public Health Service 

Amendment of lUG« (PL 69-749).   It has set up planning procedures which rely 

heavily on population projections.     This plan is not greatly detailed, and beds per 

population and their distribution among medical services are the main outputs. 

The National Center for Health Services Research and Development, Public 

Health Service, serves as the Federal focus for health services research and 

development, with programs directed toward planning and organizing health services. 

The planning done by the Kaiser Foundation, Southern Group, is perhaps 

the most sophisticated and detailed of any in the U.S. civilian sector.   The 

numbers, geographic location, and demographic characteristics o( the population 

served are well known.   Using present and projected population r^ures, the 

following patient care requirements are determined on the basis of per capita 

demand and utilization in other Kaiser facilities: 

1. Bed occupancy on each service (medical, surgical, OB, and orthopedic) 

2. Ancillary usage (radiology, laboratory) 

3. Nursing staff requirements on the basis of predicted bed occupancy by 

level of patien: dependency 

In Europe^ Sweden does the most comprehensive health planning.   Medical 

records on each citizen are structured so that longitudinal as well as cross- 

sectional epidemiologicol studies can be conducted.   Facilities planning uses an 

age-sex breakdown of the population served and utilization statistics from the 

area hospitals to determine patient care requirements in a new or expanded 

facility.   These predicted patient care requirements are beds occupied by service 

(medical, surgical, obstetrics-gynecoiogy) and clinic visits; the requirements 
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are graded according to whether they are to be supplied at local, regional, or 

specialty referral hospitals. 

By administrative fiat (see DOD instruction 6015. 17, Para. VC3), planning 

for U.S. BLHC Systems follows the method of historical workload.   The results 

of this planning method are discussed extensively in the Systems Analysis 

volume of this report. 

Planning Considerations 

1. Health care "needs" are not observable; the only observable quantity 

is demand, which health care professionals translate into need.     Though demand 

can be statistically correlated with factors such as income, education, age and 

sex,   the statistics do not reveal what it is that prompts people to seek health 

care.   Consequently, personal   factors must be studied such as the individual's 

perceived susceptibility to disease, the perceived seriousness of the condition, 

specific cues to action, and perceived barriers to taking action. 

2. The demographic variables, aside from age and sex, usually chosen 

for studies in the civilian sector of health care have little application to the 
BLHC System. 

3. For those authorized for care at a BLHCS or for those enrolled in 

prepaid health care plans, economics disappears as a regulator of demand. 
As a result, there is an inÄreftßlng influx of well and "worried-well" patients 

whose demands must be met.   In addition, at a BLHCS there are occasional 

malingerers. 

4. Whether demand will cease to increase when the capacity of a health care 

system increases beyond some level is still a matter of controversy.   Investigators 
In Finland,   where medical care is a state responsibility, have reported that 

for certain population groups, hospital use does not increase in direct proportion 

to the supply of beds.   In the United States, statistics kept by the Health 

Insurance Plan of New York, a prepaid health care plan, for the period 1950 
to 1965 showed no significant change in the per capita number of yearly physician 

visits, though the location of the visits shifted significantly from home visits to 

office or outpatient visits.     These results Indicate that a saturation limit does 

exist. 
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5. Once the number of outpatient visits and inpatient admissions is predicted, 

patient care requirements on a deterministic, average basis may be found through 

utilization studies.   The details of medical practice and technology determine- 

pattems of resource utilization.   The numbers used in the utilization studies may 

be drawn from the health care system's history, if there is one, or from health | 

care systems which resemble the proposed facilities.   Such studies may be 

crude bed to population ratios   or may delve to the level of length of stay and I 

ancillary usage statistics.     Even so, advances in medical practice and technology 

must be anticipated. 

6. The previous discussion of resource utilization has concentrated on average 

figures.   The demand for health care services, however, is not deterministic 

but random, and only to a limited extent can demand be scheduled.   Inpatient 

demands, in particular, are difficult to schedule.   The resources to treat a 

patient, as determined by health care professionals, must be available with as 

little delay as possible.   Outpatient demands, on the other hand, generally have 

less urgency and may be scheduled to an extent.   The importance of the random 

fluctuations is reflected in the extra staff and inventories required to give some 

measure of assurance that peak demands can be met without sacrificing quality 

of care.   Statistical characterization of the random nature of inpatient care 

requirements has allowed patient care requirements to be met in facility design 

and organization at costs lower than designs and staffing, set on the basis of 

estimated peaks. 

The detailed patient-state model of R. D. Smallwood allows prediction of 

inpatient care requirements over a time span of days as well as allowing 

aggregation of the statistics to project the requirements over longer terms. 
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RADIOLOGY 

INTRODUCTION 

The radiology department uses roentgen rays,  radium rays,  and other 

radiation to diagnose illnesses or identify injuries and is complemented by 

satellite radiology stations,  located either within the same building or at 

remote locations, which perform simple radiography on rel Uively immobile 

populations. 

The basic procedures of the X-ray Department are (See Figure 1): 

1. Registration of the patient 

2. File search for previous records of this patient 

3. The X-ray examination 

4. Processing and development of the films 

5. Matching of the films to the patiept's previous record 

6. Transfer of this package to the radiologist 

7. Interpretation by the radiologist 

8. Separate filing of the film package, report forms, 

and record forms. 
«*■ 

The study in radiology was performed to determine the state of the 

art and to identify the advanced technology in this discipline.    The state-of-the 

art portion was directed primarily to techniques and equipment which offer 

improved films and images and which enable the radiologist to devote 

maximum time to those care areas for which he is specifically and 

uniquely trained.    The second section of the report details radiologic 

developments that are currently being researched, but should be available 

from 1975-1980. 
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TECHNICAL APPROACH 

In inaugural inn our radiology study,  we extensively reviewed current 

literature, including articles on both future radiological developments and 

computer use in periodicals such as Radiology,  Yearbook of Nuclear 

Medicine,  and Medicamundi,    W.  G.  Scott's Planring Guide to Radiologie 

Installations in Institutions as well as H.  Sehepperger's report,   Prospects 

of the Hospital on Future Horizons, were also perused. 

To supplement our theoretical data, we conducted in-depth interviews 

with active hospital and teaching radiologists,  radiologic technologists,  and 

specific members of the American College of Radiology and the American 

Society of Radiologic Technologists.    Drs. George Lerman and Abraham 

Edelmann, Consultants to the Westinghouse Health Systems Department, 

conducted a second series of structured interviews to further identify 

desired changes in existing equipment and radiograph storage and retrieval 

systems.    Discussions were also held with the chief radiologists at such 

institutions as Henry Ford Hospital in Detroit,  University of Illinois 

Hospital, Cardinal Gleanon Hospital in St.   Louis, and the  Mallinckrodt 

Institute. 

Westinghouse,  moreover, capitalized on the resources and experi- 

ence of its own Medical Electronics Division,  Product Transition Laboratory, 

and Research and Development laboratories.    Especially valuable was a 1969 

Westinghouse survey of radiologists and radiological technologists in 20 

medical institutes throughout the Untied States to determUie future require- 

ments for X-ray tables. 

: 

STATE OF THE ART 

To increase the effectiveness of X-ray results and to help radiologists 

cope with the rapidly rising demand for radiologic services, the general 

trends are to; 
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1. Ht'tlui-f thr number of retakes 

_'.   Irain tochnicians to »Hsunie some of the radiologist's I 

responsihilities 

3, I'se high reli:ibiUt>-, low maintenance equipment i 

1. Lessen tlu' physieal strain on doctors and technicians 

5. (Hiiain hi^h utili/.ation for all radiologic equipment I 

«i. Develop new imaging tfehniques and equipment 

7. Partially automate film handling I 

la implement efficient facilities layouts 

i« Institute satellite radiology stations for Immobile I 

populat ons. 

I 
I 
! 

These trends are discussed lielow: 

1. The number of retakes can be reduced by eliminating 

machine setting and patient position errors and by using more reliable 

phototlmers that will scon lie on the market.    Generators with higher than 

usual milliamperage as well as spot films will also improve X-ray quality. 

By 1972 improved spot films should be perfected which can record fiuoro- 

scopic images in less tine and with less patient and staff effort than 

conventional overhead radiology. 
* 

2. To lessen the workload of radiologists«  regiEtered 

technicians are presently being trained and used to perform some routine 

fluoroscopic examinations.   Such training programs are in force at Duke 

University and the University of Indiana.   Equipment with simplified automatic 

or semiautomatic controls which minimize the possibility of errors can also 

help extend the technician's role in radiology. 

3. Since unexpected machine breakdown disrupts operations, 

equipment should be designed for reliable, continuous 24-hour duty. 

Machines composed of replaceable modules will speed any necessary 

repairs.    The quality and extent of the manufacturer's service contract 

should be a major consideration in the purchasing decision. 
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4. Specially designed equipment for moving and placing the 

patient on the X-ray table should be selected,  since it eases the physical 

stress on doctors and technicians, therebv  increasing efficiency.    Recom- 

mended equipment features include patient rotators, adjustable table height, 

emergency carts,  stretchers, and remote patient handling. 

5. To obtain maximum use from radiology equipment, 

specialized rather than general purpose equipment should be selected.    With 

specialized equipment more patients can be handled per hour than with 

multiple purpose machines, since set-up procedures take several minutes 

and exposure only a fraction of a second.    Because of cost, complexity, 

and the need for highly trained operators, such equipment, however, can 

be Justified only in large medical centers. 

An effective "patient retrieval" system will also increase 

department efficiency by delivering patients to the procedure rooms with 

minimum delay. 

; 

• 

6.    At present X-ray images are represented on plastic film 

ir shades of gray to black.    Image evaluation is performed by shining a 

light through this semi-opaque image.    However, new imaging and diagnostic 

techniques are available such as isotope imaging, thermography, and ultra- 

sonics.    Although at present there are not enough radiologists trained in 

interpreting the   information   generated  by these techniques, they have great 

potential for irvp.oving health care. 

Tsotope imaging, the most significant of the above techniques, 

is becoming an increasingly important adjunct to disease diagnosis as a 

result of the recent development of the gamma ray camera and a more 

sophisticated isotope methodology. 

Although thermography is used to examine certain con- 

ditions affecting the body's periphery,  its main disadvantage is that the body 

area to be examined must be uncovered and must be at the same temperature 
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us its surroundings before detectors can isolate pathologic conditions.    This 

requires closely controlled room climates (70-72oF.) and at least 15 

minutes for thermal equilibration.    The technology also requires additional 

development. 

I'ltrasonics,  whose radiation does not produce any knov.Ti 

cell or chromosome damage,  is presently used for brain scanning (mid- 

line shitt),  fetal examination to determine the fetus position, and pericardial 

fluid evaluation.    These measurements require only A-mode imaging, 

although the time-motion mode is helpful. 

Two-dimensional tomography with fluoroscopic positioning 

is available,  and image intensificrs,  einemitography, and rapid cassette 

changes are being improved for specialized procedures such as angiography 

(especially cor>nary angiography). 
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7. Pairing X-ray films with the patient's previous record 

as well as presenting images to the radiologist will soon be semiautomated, 

since both General Electric Company and   Phillips are developing units for 

these procedures.    Transferral of the radiologist's findings to the patient's 

chart may also be partially automated. 

8. A major factor in determining the optimum layout for the 

Radiology Department is the size of the hospital.    For small and medium 

sized hospitals (up to 600 beds), a double corridor system may be an 

effective design.    (See Figure 2.)    This layout accommodates two flow 

patterns in the X-ray department:    1) the flow of patients from the 

registration desk, to the waiting area, and then to a specific examining 

room, and 2) the flow of technicians and physicians between the film pro- 

cessing units and the doctors' reading rooms. 

As shown in Figure 2, the department is rectangular and 

divided by two parallel corridors.    At the head of the unit are a regis- 

tration desk and basic patient records.    On the left are dressing booths, and 
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ulong the midsecüon are the examining rooms.    In the midsection space is 

provided for film professing and matching.    The left corridor is used by 

patient.-, and X-ray technicians,  and the right by technicians and doctors. 

Such traffic separation is an obvious advantage,  since patients are close to 

the X-ray examining rooms and dressing booths while the doctors and 

technicians have easy access to the film matching and pn cessing areas and 

to their own offices. 

The equipment distribution for the four X-ray rooms is: 

Room 1: 1,000 ma.  generator 

i)0-yo table 

Room II: 1,000 ma. generator 

two-dimensional tomography unit 

Rooms 111 & IV: one 500 ma.  generator for each room 

or a shared 1,000 ma. generator. 

90-90 table (or each room 

A portable X-ray unit is optional equipment. 

Film should be stored in the X-ray department, but if space there 

is limited,  storage may be adjacent to the department In any direction 

including vertically.    Good communications between radiology and the film 

storage areas must be constantly maintained. 

The Figure 2 layout is now used in many newer hospital systems, and is 

perhaps best exemplified by the Radiology Department at Baltimore's 

Mount Sinai Hospital. 

In a hospital with over 600 beds, a room cluster layout may be the 

economic alternative.    Figure 3 shows a central radiology reading station 

surrounded by rooms for fluoroscopy,  intravenous pyelograms, eme'<*ency, 

or general examination.    With this system,  many examinations ot the same 

type can be localized In one area, a single radiologist-technician team can 

be assigned to a cluster, thereby optimizing the use of both personnel and 
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equipment.    A cluster can also be used for more than one type of 

exuminalion; for example,  a cluster unit can be used for IVP's and later 

for fluoroscopic upper gastrointestinal tract examinations. 

The room cluster design which actually divides the department into 

sub-departments    has more flexibility for performing specific examinations 

than does the layout previously described for the smaller hospital.    Patients 

can be handled more smoothly and with more personal attention, and the 

cluster can have its own dark room and automatic processor to speed 

patient handling. 

The equipment distribution for the five rooms of each "wheel" is: 

Wheel One 

Rooms I and 11: 

Rooms III & IV: 

Room V: 

Wheel Two 

Rooms I and 11: 

One 1,000 ma. generator for each 

room, or a shared 1,000 ma. 

generator 

90-90 table for each 

One 500 ma. generator for each 

room, or a shared 500 ma. 

generator 

90-90 table for each 

Two-dimensional tomography unit 

Image amplifier 

TV monitor 

1,000 ma. generator 

90-90 table 

Automatic cassette changer 

Flat table with floating top 

Automatic injector 

1,000 ma. generator 

Image amplifier 

TV Monitor 
3-316 
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Room HI: Two-dimensional tomography 

1,000 ma,  generator 

Image amplifier 

TV monitor 

Rooms IV and V: 1,000 ma.  or 500 ma. generator 

for each room, or either generator 

may be shared by both rooms 

90-90 table 

All rooms in the second wheel should be capable of being converted to 

special procedure rooms.      They should have conductive flooring and 

explosion-proof electrical outlets and switches. 

If a single generator serves multiple rooms, a relay system should 

be installed which permits only one room at a time to trigger the generator. 

Since X-ray exposure times are almost always fractions of a second, the 

waiting time for another room is not considered significant. 

Whatever layout is finally selected, it should be flexible enough to 

allow for population changes, especially if an increased volume of older 

patients is expected.    These patients require extra radiographic and fluoro- 

scopy procedures as well as specialized procedures such as vascular 

techniques. 

9.    Only in military bases where population mobility is restricted 

should satellite radiology stations be set up, since satellites have several 

inherent disadvantages: 

.   A satellite is normally staffed only by technicians 

since it is difficult to justify assignment of a 

radiologist. 

.   Only simple radiography can be performed in the 

absence of a radiologist. 

.   Since fewer examinations per unit of equipment are 

usually performed, higher cost per examination results. 
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Satellites should incorporate the following minimal equipment and 

personnel: 

1. Single table (fixed) with 300 ma. generator and 

overhead tube 

2. Automatic processor such as Kodak M-6 

3. One or two technicians, as the workload demands. 

Communication with the central hospital should be direct and continuous. 

Presently the telephone offers the simplest means.    In addition, at least 

once a day, preferably more often, the films should be sent to the radiol- 

ogist for interpretation.    In emergency situations,  films can be sent im- 

mediately by messenger.    Since emergency X-ray services calling for a 

radiologist will be rare, preliminary readings may be made by the general 

physician at the satellite with the help of the technician, who often becomes 

proficient in reading X-rays. 

Examinations performable by such satellites are: 

1. All bones, including skull 

2. Chest 

3. Intravenous Pyelography 

4. Abdomen 

In all cases, rigid departmental procedures should be avoided, with 

the various satellites working out their own arrangements with the central 

hospital. 

ADVANCED TECHNOLOGY 

The radiologist's duties in 1975-1980 will overlap less into the 

administrative area, and will focus more on the evaluation of films or 

images.    Images will be presented to him in a slightly different manner 

and on different material than with present methods. 
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Radiology equipment will have automatic or semi-automatic control 

setting for different exposures and, after the patient is positioned, 

exposure will also be automatic.    The procedures, however, will require 

continuous reliability study and periodic equipment adjustments.    Two levels 

of technicians will probably emerge — the lower level positioning patients 

and handling patient flow, and the super-technicians   performing adjust- 

ments, programming control settings,  and handling most administrative 

duties.    In satellite radiology stations,  these well-trained technicians may 

also do fluoroscopy,  initial reading of bone fractures,  and intravenous 

pyelograms. 

Expected changes in radiology will be gradually implemented until 

automatic film and image handling is introduced.    At this point  new 

procedural changes in the department will be needed since automation will 

make some personnel superfluous while additional highly skilled personnel 

will be needed to handle the new equipment. 

Other technological developments which can be anticipated include: 

1.    Electronic transmission of good quality images over various 

distances with short and long storage capabilities.    Such transmission 

systems, which will convert images to electronic signals   and transfer 

them to a receiver which will convert them back to images, could involve; 

1) a television camera mounted on a viewbox to receive the image,  2) a 

magnetic disc to store several images, 3) coaxial cable connections to 4) a 

TV monitor with a 5) dial access system to call up the desired image. 

The components are available, but the system has yet to be demonstrated. 

Where coaxial cable is not practical because of distance,  scan 

converters and a second magnetic disc could enable telephone lines to 

transmit information.    A comparable system for the University of Wisconsin 

Medical School and five area hospitals utilizes voice grade telephone lines 

for a total distance of 160 miles. 
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2. Improved X-ray systems with remote control, both for film and 

fluoroscopic procedures,   offering: 

a. Higher milliamperage 

b. Improved two dimensional tomography 

3. Improved image presentation 

a. A CRT readout device.    The reading station will probably 

resemble a console with various modalities of presentation 

including film and X-ray results and pertinent aspects of 

the patient's chart and history.    The CRT image, however, 

will probably not be equal in resolution to presently 

available film and so its use will be restricted. 

b. Reproduction of a high resolution, positive image on an 

opaque background for long distance reproduction, greater 

ease in handling, easier three dimensional imaging. 

c. Since holography, the production of an apparent three- 

dimensional X-ray image of the body's interior, is only 

slightly different from present radiographs in final 

appearance,  it should be highly acceptable to radiologists. 

However,  much research remains to be done; a source of 

continuous wave coherent X-rays must be developed.    Of 

importance is the fact that by 1980 many radiographs and 

holographs will be able to be stored and individually 
3 

retrieved from small (3 mm ) crystals such as Lithium 

Niobate by lasers. 

4. The technician will position the patient with fluoroscopic control 

using low level doses of radiation such as an interrupted beam with 

magnetic disc short-term memory.    A series of images of different 

patient positions will then be taken until the optimum position is obtained. 

1 
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t 5.    Transferring images to the radiologist,  matching images to a 
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patient's previous record,  and transferring the radiologist's reading to 

patient records will be more fully automated. 

6. By 1975 automatic filing,  storage,  and retrieval will be 

possible.    Such systems rr ly include video tape storage,  a magnetic disc 

as a buffer storage,  and a TV monitor.    An alternative would be image 

storage on 70 mm    film on cards in a Mosler or Kodak System which offers 

automatic random retrieval.    Image transferral by TV camera to a buffer 

magnetic disc and then to a monitor would complete the system.    Since 

images could be transmitted directly from storage to nursing units, oper- 

ating rooms, and physicians' offices,  the number of radiographs missing 

from central storage will be reduced to zero. 

7. Digital computers will enhance the radiograph by improving 

resolution and film detail. 

8. Differential magnification of various image segments and dif- 

ferential light transmission will be available to the radiologist on demand. 

9. By 1975 ultrasonic techniques, using B-mode imaging of signi- 

ficant resolution may be available for brain tumor or liver structure 

visualizations. 

10. By 1980 imaging should be developed to such resolution that 

ultrasonic tomography, possibly using the Doppler effect, will be in general 

use. 

11. By using advanced data processing equipment in nuclear 

medicine,  camera resolutiona may reach 1 mm or less,  and images will 

be stored on video magnetic disc and/or video tape instead of film. 

12. By 1975 equipment will permit patient imaging at remote 

hospitals and information processing at a central station.    At the peripheral 

hospital only a well trained technician is needed; a trained nuclear medicine 
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physichm to review and interpret the images will be located at the central 

facility. 

IS,     Recommended equipment for satellites will be expanded to 

include: 

a. 90-90 table with 1000 ma.  generator 

b. Fluoroscopy table 

c. Automatic processor 

d. A system for image storage and transmission to the 

central radiology department, possibly including a 

television camera, two magnetic discs, two TV monitors, 

and a dial access system. 

e. Optional nuclear medicine equipment will be a well counter 

and sealer, isotope imaging system such as a camera or 

scanner,  and radiographic or other image handling 

equipment. 

14.    Satellite examinations could be expanded to include gall bladder, 

upper gastrointestinal tract, small bowel, and colon. 

f 
I 
I 

I 
I 
I 
I 

I 

I 

> 

* 

3-322 



BIBLIOGRAPHY   -   RADIOLOGY 

Berci, G.  "X-Ray Television Image Storage Apparatus." American 
Journal of Roentgenology 90 (1963):1290-1300. 

DeGroote,  V.   "Computers in Radiology/Quo Vadimus." Medicamundi 
14 (1969):85-6. 

Donaldson,  S.  W.  "Practice of Radiology in the United States." 
American Journal of Roentgenology 66 (1951U 

"Electronic Data Processing in Medicine." Radiologie Technology 
35 (1964):361-2. 

Good, A.  "Evolution in the Training of Radiologists." American 
Journal of Roentgenology 101 (1967):773-8. 

Greenwell,  F.  P., and Wright,  F. W. "Rotational Tomography." 
Clinical Radiology 16 (October 1965):377-89. 

Knowles, John H.  "Radiology - A Case Study in Technology and 
Manpower." New England Journal of Medicine 280 (June 5,  1969): 
1271-8. 

Lindgrene, E.  "Tomography." Acta Radiologica 3 (1965):453-64. 

McGinnis, K. "Computers in Radiology." Radiology 85 (1965):968-70. 

Mesthene, E. "How Technology Will Shape the Future." Science 161 
(1968):135-43. 

Meyers,  P.  "Evaluation of Computer - Retrieved Radiographic 
Image." Radiology 81 (1963):201-6. 

"Practice of Radiology." Bulletin of the American College of Radiology, 
1957. 

Puijlaert, C. "The Expansion of Radiodiagnostics." Medicamundi 14 
(1969):137-49. 

Schipperges, H.  "Prospects of the Hospital on Future Horizons." 
Electromedica (January 1970). 

3-323 



' 

Scott,   Wendell Garrison.   Planning Guide of Radiologie Installations. 
Chicago:  Yearbook Inc.,   1953. 

Templeton,   A.  W.;  Lodwick,  G.   S.; Turner,  A.   H.,  Jr.   "RADIATE: 
A New Concept for Computer Coding,  Tn? ismitting.  Storing,  and 
Retrieving Radiologie Data,"  Radiology 85 (November 19()5):8ll-7. 

U.  S.   Public Health Service.   Population Exposure to X-Rays (1964). 
Washington,  D.  C: U.  S.  Government Printing Office,  1966.  No. 1519. 

U. S. Public Health Service. Protecting and Improving Health Through 
Radiological Science. Washington, D. C: U. S. Government Printing 
Office. 

U.  S.   Public Health Service.  Public Health Considerations in Diagnostic 
Radiology.   Washington,  D.   C: U.  S.  Government Printing Office,  1968. 

Wohl,  G.  T.  "Experience with 70 mm. Camera." Clinical Radiology 
16 (1965):363-8. 

1 

1 

1 
f 
1 

I 
! 

1 

" 

3-324 



• 

STERILIZATION 

INTRODUCTION 

Any improvements in equipment or techniques of sterilizing 

instruments, utensils, linens, etc. deserve specific attention since they are 

essential to quality patient care and offer yet another area for potential cost 

economy. 

Sterile processing equipment and activities are sometimes de- 

centralized in high-use hospital areas, but the benefits of centralization are 

being increasingly recognized and the existence of a Central Sterile Supply 

Department (CSSD) is usual.   Such a department assumes total sterilization 

responsibility for instruments, utensils, linens, examination and treatment 

trays, heat and moisture sensitive items, and distilled water, and is involved 

in the following activities: 

.   Receiving 

.   Decontamination 

.   Clean-up 

Washing 

Sorting 

.   Preparation 

.   Packing 

.   Wrapping 

' .   Terminal Sterilisation 

.   Storage 

The CSSD should be viewed as a functional hospital element 

with well coordinated activities, equipment, and personnel.   It should 

operate in accordance with the hospital's operational, philosophical, and 

procedural requirements, and its processing hardware should interface well 

with existing hospital storage and distribution systems. 
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This it'purt ilisfusst's available sterile processing equipment 

such as washing,  sonic energy cleaning,  and sterilization units,  as 

well as some techniques to ensure patient and personnel suiety.    The \ 

concepts of centralization and automation and the use of sterile disposable 

goods an- also reviewed. I 

TKCHNICAL AIM'UOACH 

To determine the most suitable material sterile processing 

system,   Westinghouse first assigned a project team skilled in hospital 

planning,   industrial engineering,  economics,  area layout   lesign, 

computer programming,  and business management.     For more specialized 

knowledge,  Westinghouse then consulted the Castle Company,  whose 

specialists provided input based on their experience in sterilization, 

washing,  sanitization, decontamination, sonic energy cleaning, 

hospital planning and aseptic techniques. 

During the fall of 1969,  various members of the project team 

visited several of the study hospitals; this data-gathering phase consisted 

of In-depth interviews with personnel from operating, processing, aad 

administrative areas.    The Information generated by these discussions 

were used to define such factors as dally processing requirements and 

processing objectives, philosophies, and techniques. 

STATE OF THE ART 

In planning an effective sterilization system, the following 

questions should be considered: 

1. What is the estimated quantity of goods to be sterilized, 

and what percentage of these goods will require steam 

or gas processes? 

2, Will specialized areas such as the operating room have 

sterilization equipment or will all goods be centrally I 

handled? 
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3, Are special measures taken to prevent contamination 

of CSSD employees? 

4. Are materials washed before being sterilized? 

5. Are sterilized goods kept totally separated from goods 

entering the CSSD for decontamination? 

6, Arc manual and automated processes balanced to obtain 

maximum operations? 

In the CSSD, the general trends are: 

1. To centralize all sterile processing activities in a 

single hospital area. 

2. To decontaminate all goods before they are handled by 

processing employees. 

3. To ensure total decontamination of all goods by 

sequentially using washing,  sonic energy cleaning,  and 

sterilizatio    ' quipment. 

4. To separate the various processing activities by 

physical barriers, 

5. To optimize cost by making automated equipment/ 

personnel cost trade-offs. 

6. To use selected pre-sterilized disposable supplies. 

Equipment 

The equipment used in the total processing system can be 

categorized as soiled receiving and clean-up equipment (washing and 

sonic energy cleaning units) and terminal sterilizing units (steam and/or 

gas autoclaves).    The various units should interface well with each 

other,  as well as be tailored in sir.e to the expected processing demand. 

The amount or size of equipment needed will also depend on its hourly 

capacity and the length of time available for processing. 

1,   Although soiled materials should be rinsed or soaked in 

the using area, mechanical washing equipment of the conventional, floor- 

3-327 



lotuUng, or tunnol (convtyor) vurloty Is essuntial.    These units remove 

any remaining foreign mutter from utensils and so prevent it from being 

baked on during the MteriliAUtion process.    Optional equipment for 

specialb.ed wushini;,  such as Inside Klassware,  is available. 

Mechanical washing offers better quality and higher speed 

than hand washing and eliminates a possible i   Int of employee contamina- 

tion.    Washing will sanitUe if 1MOUF IS reached, although it will not 

fttertlUe.    Kquipment Is available, though, which incorporates both the 

washing and sterlliiaUon (uncilons into a alngle unit. 

.'.    Sonic enenty cleaning equipment,   which hat 97 percent 

cU'WUng capabilities, removes any visible or Invisible soil remaining 

after mechanical ur hand washing, thereby lengthening the useful life of 

surgical Instruments.    This equipment may be manually loaded or auto- 

mallcatty loaded v|.. conveyor and offers cleaning, poat-rlnaing, and 

drying features.    If a large surgery woikload is expected, the conveyor- 

Ited model may potentially pay for Itself la labor saving«. 

Although detailed economic feasibility studies on this unit have 

mg been conducted, there are other than coat coaaldcrsUooa.    Sonic 

energy cleaning prevents the build up of a soil shell that eould protect 

live mlcro-orgaalaroa from sterilising agents; If ihe shell breaks during 

a aurgleal procedure, contamination will spread. 

3.   The autoclave, the primary sterlllaatlon unit, la an air- 

tight chamber which uses pressurized steam, ethyleae oxide gas, or hot 

air.    Some medium and large units have both steam and gas capabilities. 

In the i ressurlsed steam cycle, air .s first displaced by gravity or 

taster mechanical (vacuum) means.    The cycle may be further shortened 

by preheating the chamber through enclosing it in another chamber In » 

which steam is always maintained.    Expoaure to ethylene oxide gas under j 

controlled humidity and temperature la especially useful for sterilixlng 

items sensitive to heat and moisture, such as rubber and delicate 

' 
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Instruments. Gas-sterilized goods must be allowed to aerate, but aeration 

time can be shortened through mechanical assistance. Hot air sterilization 

is used only on a limited basis because of the extremely high temperatures 

needed. 

The autuclavo, whose capacities vary from approximately 

4,82& cubic inches to 70 cubic feet, has cycle times ranging from 20 

minutes fur unwrapped goods to one hour and 13 minutes (or liquids. 

Cycle times arc relatively constant regardless of the size of the unit, »u 

output can be Increased only by Increasing the per cycle capacity of the 

system.    The units may be cylindrical or rectangular, although the latter 

offers better uUllxatlon of chamber space.    Depending on their stM and 

configuration, they may be manually or automatically loaded. 

Proccsslm Carts.  Loading Cars, and Baskets 

1. Large sterilizing, or »antUzlng, units with floor level 

loading capabilities offer potential labor savings because a multi'functional 

sterlllzable cart can be used.    Such a cart can be employed to collect 

contaminated Items, be moved «U.'Ttly Into the sterilization or washing 

equipment, directly unloaded, and used for storage, Interdtpartmental 

transportation, or distribution of sterilized goods. 

2. Some medium sized,  rectangular units use loading cars 

which are transported on transfer carriages and then cranked •iirectly 

Into the sterilization chamber.    Both the loading car and sterilization 

cart significantly reduce the number of handlings in the cleaning process. 

3*    A processing module, or basket, can extend the distribu- 

tion capabilities of the sterile processing area so that conveyor, auto- 

mated cart, or monorail systems may be uaed.    These baskets are also 

essential to the automated conveyor-fed equipment mentioned earlier. 
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1. The CSSD is chargud with the roflponslbillty of control 

und sterilizution of ail contaminatod items; It must also provide protection 

for its employees by implementing decontamination processes.    Some 

believe that sanitiMition of items (washing at 180oF) will adequately 

protect personnel, but no proof exists as yet for this contention. 

OeeontamJnation of known contaminants (contaminated operating 

room cases and/or isulation cases) in storllUors is a popular method, 

but much uncertainty is involved in the identiDcstlon of all such items. 

Consequently, the trend is to total deeontamlnaUon, which dictates that 

all items, after use, must be stetillxed in CSSD before handling by 

employees, and then trrmtnally stertlltod after employee proteasing before 

rtrurn to the patient. 

2. To ensure that sterilised goods do not become recontamln- 

sted, soiled receiving, preparation and packing, and sterile storage 

should be separated by walls, and air Oow should be controlled by positive 

and negative pressures. | 

3. Bet^ans, urinals, and other patient utensils should be 

sterilized before being issued to a new patient as well as being sanitised 

between uses. 
■ 

Centralisation 

Such departments as Surgery, OB, and Emergency require 

locai ate rill ting equipment for emergency cases. However, a general 

trend toward centralising all sterilization activities, including preparation , 

and packing, has developed in an attempt to: 

1. Reduce costly duplication of processing equipment, 

effort, and responsibility. 

2. Improve patient care by relieving medical or paramedical 

personnel of time-consuming processing duties. 
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3,    Increase equipment utilization. 

The main objection to centralization 18 hetvrd from the operating room, 

which does not wish tc lose "control" of Its instruments.    Although this 

may be a valid argument,  it is subjective and must be weighed aKalmtt 

the quantifiable benefits of centralization. 

Automation 

Automation in both the procesnins  •.-..! stnrngc areas of CitSD 

can either reduce the loul number of employees or free worker« from 

repetitious tasks for more important and responsible jobs.    At the 

present time, automation in central supply primarily means handling the 

Intra-departmental transportation of goods bttueen various processing 

operations.    Storage of high volume, high turntver Hems presents 

another application for automated storage and retrieval.    However, It 

must be supplemented by some combination of Dxed, permanent, and cart 

shelving for the lower volume, slower turnover items. 

Although costly to Implement, automation can be Justified If 

the amount of labor savings over the life of the equipment (physical 

life and technical obsolescence) is greater than the cost of purchasing 

and operating the system.    In a military hospital, however, with a pay 

scale traditionally below that of Its civilian counterpart, economic justi- 

fication of fully automated processing techniques will be more difficult. 

Factors influencing an economic trade-off analysis are: 

.    Labor rate 

.    Fringe benefits 

.    Employee turnover rate and employee hiring and training 

costs 

.    Capital investment.  Including depreciation charges, cost of 

capital, and annual maintenance charges 

.    The cost of money. 
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The amount of disposable 810rile items the hospital uses will, 

of course,  influenet« the seope of t'SSD activities.    However,  military i 

hospitals with their lower personnel eosts may adopt throw-away items 

at a Slower rate than livillan institutions.    In addition, dlsposabloa 

will pnihttbty be «'mployed as limited use items, lulnu ^processed 

several times before disposal,  .in«! so will still need to undrruo stcrili- j 

xatlon.    The advent of sterile disposables,  however, will require that the 

t'SSD distribution and sioroKe procedures align themselves with the 

larger general stores distribution pattern. 

ADVANCED TECHNOLOGY 

Sterile processing teehnulugy will probably not change 

drastltallv in the next five to ten year«, although (fi-hnlquvs and equip- 

ment will undergo further reflnemenU.    The only major exception would 

be the use of radiation for atorllitatlon. but it is diffleult to predict 

when this eoncept will be practical enough to introduce on a largo scale. 

I 
I 
I 
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WAHD MANAGEMENT 

I 

INTHODl'CTION 

N'irHlrv^ Ki'rvico iH un intcunil Unk In tht' chain «»f activities 

thu« Ktultt In quiilltv i>;ii;. nt cttrc.    N«>l only do nurNc« curry out Mpcclflc 

-Mil« is fmm physicluns hut they JIIMU have the moHl extended ami direct 

contact with luitlcntM while prtivldlntt round-the-clock care. 

The role« of nurslnu fervlee persimnel are traditionally cateKorlxed 

a« follows.    Nurses with doctoral degrees In administration or supervision 

Kenerally serve as   directors of nursing service or as supervisors.    Nurses 

with master of irt»   or doctoral degrees In other areas fill positions in 

education, administration, or resotrch. 

Registered nurses with associate degrees, hospital diplomas, or 

baccalaureate degree« give bedside nursing at a beginning level.    These 

nurses are sometimes called nursing generalists as opposed to specialists. 

Because of the 20 percent shortage of registered nurses, auxilllary 

personnel such as practical nurses, nurse» aides, and technicians assist 

in providing pstlmt care but obviously require more direct )ob supervision 

than registered nurses.    Practical nurses are trained In 12- to 18-month 

hospital or secondary school programs.    Aides and technicians are usually 

trained in on-the-|ab programs. 

These nursing service rotes,  however, are changlns In several 

way«: 

1. New positions are being established in an effort to meet the 

needs of speeiallxed patient care and to relieve nurses of 

administrative duties. 

2. Inservice ami continuing education Kt enabling nundne 

personnel to assume positions of greater responsibility. 
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:i.    InnuvuUvi- concopUi In pit um cuiv Huch u« irum nut-Hing und 

pmutvsHivt* iMitlent vnrv an« ultrrinu ih«* dutlog   >f nurtlnR 

pi rsunml. 

lui icnl «Uvflupnu-niH in tluK»- UIVUM will Uv thi- mujur milt|t*ft «»f thin 

siTtimi. 

IKlllNKAI. AI'PHOAI 11 

Miss E.  Alexander,  Director of Nursing Service, 
Allegheny General Hospital,  Pittsburgh 

Miss J.  Celella,  Director of Nursing Services, 
Saint Margaret Memorial Hospital,  Pittsburgh 
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In lUvt |in»ln« ihr »tati—uf-the-art ivport fur wanl manaKcnu'nt, 

we conducted an extensive literature search which inclucknl the» fullowinu , 

publications: 

i 

' 

American Journal of Nu ruing 
Canadian Hospital 
Computer Biomcdical Hcsearch - 
Hospitals- Journal of the American Hospital Association 
Hospitals - Journal of the American Medical Association 
Hospital  Management 
Hospital Topics 
Industrial Medical Surgery 
Journal of Industrial Engineering 
Modern Hospital 
Nursing Forum 
Nursing Outlook 
Nursing Research 
Texas Hospitals 

Published works, as well as master's theses and doctoral dissertations from 

major universities such as Georgia Institute of Technology, Johns Hopkins 

University, the University of Michigan, and the University of Pittsburgh were 

also studied. 

To corroborate our research findings, we consulted the following 

people with expertise in both the educational and patient care aspects of nursing 

service: 

i 
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I 
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• 

Ductur M.   illll,   Dlroctur of Contlnulnu Ktlucation In Nurfiln«, 
rniwrsity of iMtUtbui-uh 

I>Kt«»r 11.  Krot'gor,  Graduate School of IHiblit- Health, 
I'nlviTalty of I'iHsi.un-.ii 

Mr.   I).   Macor,    AxKiHtant V'ici-(liamcll'-r of the llfultv ProftHHion, 
MMMI  if Mrilicln«*,  Inivi'isitv pi IMUsbur^h 

Doftor I.   I'anu x.  Chairman of Mcdical-SurKiial  Nurslnu, 
Inlvi'isltv «d IMttsh-ruh 

I>H'tor M.  Sfhacfcr,   IVan of SihiM»! of Nursinu, 
I nlvorslty of l,Ut8lnii,«h 

ITATI Of TIIK ART 

I 
I 
I 

Thr ncneral Irt'n«!« In ward mananrnu-nt,  detailed in the followinR 

lia^'H, arc: 

1. To • st;ü)li.sh a supervisory poslition with dual rtsponsihility 

for nursing servire ami nursing ediu-ation. 

2. To use clinical nursing speeialists as suix-rvisors,  consul- 

tants,   liaison personnel,  or direct administrators of patient 

care. 

3. To delepate clerical and non-nursing administrative tasks to 

ward clerks and w..rd managers,   respectively. 

■I.     To provide inserviee and continuinp education to keep nurses 

abreast of the latest medical advanees as well as broaden 

their knowledge base. 

5.    To inaugurate "nursing teams" to improve patient care and 

optimize the use of personnel. 

(».    To use the technique of progressive nticnt care. 

7. To increase the number of spccialtv units or areas. 

8. To adopt patient-centered nursing rather than disease-centered 

nursing. 

9. To implement patient education programs emphasizing mental 

health concepts and rehabilitation. 
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10. T«. speed patient cure by implementing "roominn-in" procedures. 

11. Tu u»e improved criteria for ohtuinlnu optimum stuffing of 

ihr Bttrtlag unit. 

12. To design improved layouts for nursing units. 

1. Although nursing education and nursing service have tradi- 

tionally been administered separately, the trend is toward having a 

single person direct both faculty and service staffs.  The objectives of such a 

dual appointment are:    1) to give the educators an opportunity to control the 

learning environment for students in the clinical ai*ea and    2) to enable the 

nursing service staff to utilize the knowledge and skills of the faculty to 

improve patient care. 

This symbiotie organization is currently being used by the Frances 

Payne Bolton School of Nursing at Cleveland's Case Western Reserve University 

and the Nursing Service Department of the Cleveland University hospitals. 

Two administrators at the University of Pittsburgh School of Nursing hold such 

joint appointments.    The Chairman of the Department of Psychiatric Nursing 

is also responsible for the Nursing Service Department at Western Psychiatric 

Institute (a University of Pittsburgh hospital),  and the Chairman of the Medica1- 

Surgical Nursing Department is also the Director of Nursing Service at 

Presbyterian University Hospital (a member of the Health Center of Pittsburgh). 

2. WJth the recent emergence of master's programs in clinical 

areas, a new role, the clinical specialist or nurse clinician,  has been 

developed.    The primary objective of the clinical specialist is to improve 

patient care by functioning as a therapist in assessing patients' needs, 

planning nursing care, giving direct care, delegating other duties to 

supplemental nursing personnel, and evaluating overall patient care.    These 

nurses are also prepared to assume active leadership in teaching staff and 

patients and in collaborating with faculty to provide learning experiences for 

students.    The clinical specialist may also conduct research, although in 

actual practice she is often much too busy. 

I 
I 

I 



i 
j To make hor expertise available to as many patients as possible, 

the clinical specialist often functions as a consultant in a staff position super- 

. imposed upon an existing organizational structure.    In this type of role,  the 

' clinical specialist often meets with hostility from the head nurse  and the 

. supervisor who view her as a threat because of her advanced education. 

If such resistance extends over several months,  it becomes difficult for 

, the clinical specialist to persuade the nursing staff to assist her in carrying 

out the nursing care plan.    The specialist,  moreover,  must carve out her 

fown role since she does not have the formal authority of a line position. 

To avoid these complications,  several hospitals have placed the 

clinical specialist in a line position,  replacing the hjad nurse.    In this way, 

the clinical specialist can concentrate her activities on one group of patients 

and use a single nursing staff.    Consequently,  her effectiveness can be more 

readily evaluated. 

3.    To enable the head nurse to devote all her time to leader- 

ship In direct nursing care,  many hospitals have freed her from clerical 

and non-nursing adminiscrative tasks which formerly occupied over 50 percent 

of her time.    The responsibility for these duties is assumed by a unit manager 

(ward manager), who may be assisted by a ward clerk.    The ward manager 

posiuon is also an answer to increasing specialization and decentralization. 

Since it is difficult for the hospital administrator to manage all the proliferating 

specialty areas under his jurisdiction,  he can rely on ward managers for 

recommendations on budget,  staffing,  equipment,  and programs. 

Ward management,  or service unit management, then,  Is an 

organizational approach to patient units which separates nursing and non- 

nursing activities. With service unit management, unit managers may report 

to the administrator,  an administrativ? assistant, the director of nursing 

service, or a nurse supervisor.    The responsibilities of the unit manager 

vary in accordance with the number of nursing units, the number of patient 

beds,  and the extent of activities delegated to him. 
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Although ward management offers definite potential for optimizing 

personnel use,  it has not been operating long enough or in enough locations 

for its effectiveness to be evaluated or for a single approach to the system 

to be recommended. 

4. The explosion of knowledge requires that nurses continue their 

education in both general medicine and in their specialty areas.    To fill this 

need,  continuing education programs are given by nursing service departments 

as well as by universities and professional organizations.    These programs 

may train nurses to perform such activities as reading electrocardiograms, 

diagnosing ventricular fibrillation, and initiating medical action in emergencies. 

A nursing service education department has the additional responsibility of 

orienting new employees, training nurses' aides and technicians, and 

developing leadership qualities in nursing personnel — major endeavors 

in view of staff turnover. 

The educational program for nurses working in specialty units 

may be handled by inservice faculty, but are usually conducted by physicians 

and/or clinical specialists with master's degrees in the appropriate nursing 

specialty.    Programs to train promising nurses for the responsibilities of 

head nurse, an integral part of many hospitals* programs, emphasize admin- 

istrative skills to ensure efficient planning and provision of services. 

Present teaching techniques include lectures, seminars, work- 

shops, programmed Instruction material^ and audio-visual aids   such as 

slides,  movies,  videotapes, and television.    Most important, of course, are 

well-qualified instructors who can orient personnel and teach skills.    Budgetary 

allocations must reflect commitment to this significant area. 

5. To optimize the use of personnel, many nursing service 

departments have created "nursing teams."    Each team is headed by a 

registered nurse who assigns duties of various degrees of difficulty and 

responsibility to the registerednurses, licensed practical nurses, and nurses' 
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aides on her team.    Each team   member plays an important role in contributing 

information about the patient's history and present condition,  in developing 

individualized nursing care plans for each patient,  in enacting that plan 

through skillful nursing,  and in helping to evaluate nursing care in terms of 

patient progress.    The leader conducts team discussions to plan the best 

approach to each patient's needs,   supervises and evaluates the members of 

her team,   and cares directly for patients with especially difficult problems. 

There may be up to five team leaders who report to a nurse administrator 

for overall coordination of services.     If there is only one team,  the head nurse 

or clinical specialist may serve as team leader. 

6. Some hospitals have redesigned patient units to accommodate 

the concept of progressive patient care.    With this system, the extremely ill 

patient is placed in an intensive care unit.    As he improves,  he is tranferred 

to an intermediate care unit,  and when he becomes ambulatory,  he goes to 

a minimal care unit.    This progressive care system gives the patient 

evidence of his recovery and allows the most effective and economical use 

of personnel,  supplies,  and equipment. 

Progressive patient care,  however,  has several disadvantages: 

a. When p^tionts are transferred frequently, continuity of care 

(both by physicians and nurses) may be interrupted by poor 

communications. 

b. Frequent patient transfers create traffic problems,  especially 

on elevators. 

c. Additional housekeeping is required. 

d. With each patient transfer, departments such as dietary and 

admissions must be notified,  and inadequate communications 

may result in dietary trays,  laboratory and X-ray reports 

being sent to the wrong nursing units. 

7. Wards are being organized into an increasing number of 

speciality areas, such as Ophthalmology, Orthopedics, and Ear, Nose, 



( 

I 
and Throat areas.    This arrangement offers improved patient care since [ 

specialized nurses,  physicians,  and equipment are immediately available. 

However,  although specialty areas provide mo^e expert care,  they have I 

several disadvantages: 

a. Staff and faculty require extensive specialty training and I 

ongoing education.    Nurses,  moreover,  must also be trained 

to perform the specialty services usually provided by ancillary } 

departments such as the Inhalation Therapy Department, 

since these departments rarely operate at night, on weekends, J 

or on holidays.    With the current high rate of personnel 

turnover,  such educational programs become costly and are a ) 

physical and psychological drain on the teaching personnel. 

b. During emergencies,  staffing many specialty units is a major 

problem since personnel cannot be readily reassigned. 

c. Because nursing care is focused on a specific medical problem, 

other patient complaints may not receive proper attention. 

Nurses must make a concerted effort to maintain their 

perspective on the total patient and to ensure continuity of 

care as the patient is moved from one unit to another. 

d. Specialty units are often difficult to administer, since their 

Interfacings are complex and the various departments often 

tend to be somewhat chauvinistic. 

e. The technical jargon endemic to each specialty department 

increases Its isolation from other departments. 

f. Often no backup equipment Is provided for the elaborate 

systems built Into specialty areas.    Consequently, equipment 

breakdown may be disastrous. 
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8. The concept of considering the total patient, that is,  his 

psychology as well as his pathology,  has existed in nursing for some time 

and is now being incorporated into medical school curricula.    In line with 

this concept of patient-centered rather than disease-centered nursing,  nurses 

now obtain information about social history,   living habits,  and psychological 

status.     Moreover,   since drug therapy allows many patients with psychiatric 

pathologies to be cared for in general hospitals,  nurses arc being exposed 

more often to mental problems and    are assisting in group therapy, particularly 

in day and night care centers.     In view of this expanded role,  nurses must 

have extensive training in the psychosocial aspects of patient care.    Nursing 

team conferences are currently evaluating the effectiveness of such psychosocial 

care in terms of the patient response. 

9. In considering the patient's total well-being, nurses are 

extending their roles to include educating patients in the areas of mental 

health,   rehabilitation,,  and preventive medicine.    They do pre- and post- 

operative teaching of patients in intensive care units, post-anesthesia recovery 

rooms,  coronary care units,  hemodialysis units, and hyperbaric oxygen 

chambers.    Moreover,  since many non-psychiatric patients develop unique 

psychological problems during hospitallzation, nurses are needed to discuss 

such things as body image (important after surgery or traumas), the stress 

of hospitallzation or illness, and dependency. 

In planning patient rehabilitation, nurses must stress the patient's 

abilities,  help him cope with his environment, and aid him in restructuring 

his activities and goals to accommodate his disability.    For dealing with long 

term rehabilitation, both nursing staff and faculty should be trained in 

speech therapy, transfer techniques, prosthetics, psychological support,  and 

utilization of community resources.    Above all, they must develop healthy 

attitudes toward disabilities, which are not necessarily handicaps. 

Out-patient clinics offer an excellent opportunity for nurses to do 

preventive and remedial health teaching while patients and their relatives 
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wait for appointments.     For this purpose audio-visual aids should be provided 

in the waiting rooms or teaching areas. 

Although patient education is essential to mental health and 

rehabilitation programs,   little patient teaching is being done because: 

a. Nursing programs provide little or no formal preparation for 

teaching. 

b. With the current understaffing,  nurses usually have time to 

accomplish only the absolute essentials of care. 

c. Facilities for teaching patients are generally inadequate. 

d. Many patients are hospitalized only during the acute phase 

of their illness and are unable to benefit from teaching. 

Military personnel,  however,  are expected to resume active duty 

upon discharge from the hospital and so remain hospitalized during their 

convalescence.    These patients would greatly benefit from an organized 

education program. 

10. Research has shown a better mother-child relationship develops 

when a newborn infant is placed in his mother's room as soon as the mother 

is able to assume responsibility for his care.    Such "rooming-in" has also 

proved beneficial for small children, who do not undergo the trauma 01 separ- 

ation, with its many ramifications, if provision is made for the mother to stay 

with the child.    Rooming-in entails structural changes in hospitals and 

means orienting the nursing staff to a new system.    In pediatrics, many 

nurse» are resistant,  for they must then cope not only with the child but also 

with the mother. 

11. To determine staffing requirements for nursing units, three 

techniques are available: 

a. Ratio of nursing personnel to various types of patients* 

b. TJme standards based on the amount of nursing time needed 

by various classes of patient care. 
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c.    Time standards based not only on the unount of nursing 

time needed by various types of patients but on mnsin^ 

personnel oategoriei as weil. 

These methods are listed in the order of their usige but Inversely  in the 

order of their validity. 

In the first method, the ratios generally express the total 

number of nursing personnel required by the average number of patients. 

Usually these ratios arc stated in the nursim; care hours needed by the 

average patient: for example,   the Hospital Nursing Service Manual of the 

American Hospital  Association and National  League of Nursing   Education culls 

for 3.5 hours a day of bedside nursing for surgical patients.     Different hours 

arc estimated for medical,  pediatric,   orthopedic,   and obstetric patients. 

Children's hospital of Akron has computerized such a system;  in ten 

minutes the computer calculates,   readjusts,  and prints out assignments for 

each eight hour shift.    These ratios may be determined by work sampling 

or by dividing the total average staff hours by the average patient census. 

The second staffing technique is a sophisticated version of the above 

staffing procedure and is based on detailed nursing activity time standards, 

such as those developed by the Veterans Administration,  the Commission 

for Administrative Service in Hospitals in Los Angeles,   and tho Community 

Service Foundation in Ann Arbor,   Michigan.    These systems are based on 

patient classifications and are modeled after the procedures developed by 

R.  J.  Connor of Johns Hopkins University. 

The nurse staffing procedure developed by Westinghousc is an 

example of the third technique,  which considers not only the number and 

type of patients but also nursing personnel categor^s.     This method makes 

it possible to obtain a more realistic staffing of nursing units.     Personnel 

categories include; 

Head Nurse • Aide 
Team Leader ' Orderly 
Registered Nurse • Ward Manager 
Licensed Practical Nurse • Clerk 
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this linal rcpmi. 
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L2<     In designing musing units,  tlu- trrn«! is towuni usinK all 

privuti- or .U'ini-privali'  roomi whiih offer KIVUUT ni-slliility,   spoi-tl patient 

ri'fovory,   and iiilmi' tlu- possildlity of rmss inlVrtlon.    Such an trrUgMBMl 

will  InrtTTiUCl hospital  uciupani-v  rates,   sinn-,   il miossarv,  patients of botli 

scxi'S,   various a^i-s,   and diverse pnthologtt CM l»e miXfld in a single nursing 

unit.     Thesr idvantagoi more than compensate lor the opcratini* and i-on- 

stmction costs which are slightly  higher than for the traditional laruv ward 

design. 

Other trends in nursing ward design are: 

To design multipurpose sound-proof rooms to obtain maximum 
utilization of personnel. 

To group facilities frequency used by patients or personnel to 
reduce travel time and improve traffic control of patients and 
personnel. 

To capitalize on the therapeutic values of bold color schemes i 
and appropriate music. 

ADVANCED TECHNOLOGY 

The changes expected in ward management by 1980 will be further 

refinements of methods or concepts already in use.    Basically we will sec 

additional changes in the nurse's role. 

• Nursing specialists will increase in number and will occupy 
line positions as a matter of course. 

* In an attempt to meet increasing care demands,  aides and 
technicians will also proliferate. 

The concept of ward management will become more common, 
as specialization forces the nurse's administrative and patient 
care duties to separate. 

Pre-packaged, unit^^ medications will reduce nursing time 
spent in administering urugs. 

:}-34S 



*    SophistUatocl oloctmnlO sensors and NOOldbm drvici's which 
m<»nltn • vital patit'nt sUün.^ will lie adopted or a lAtftr scalo 
and compitU'rs may ovm I»* ust-d to Intorprrt data rcportcf! 
by tho monitors.    The nurse's role will alte" In dlreet 
prouorMon to the availaliillty and implemenUUon of such 
devices. 
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APPENDIX A 

CATALOGUE OF FILMS AND FILMSTRIPS SUITABLE  FOR IN-SERVICE 
TRAINING OF HOSPITAL CORPSMEN 

This catalogue documents the availability of numerous films and 

filmstrips suitable for use in a media based in-service training program 

for hospital corpsmen.    Films and filmstrips have been selected which 

are readily accessible to the Armed Forces and have been found useful 

by recognized reviewing groups including the American Medical Association, 

the National Medical Audio-Visual Center, and the Armed Forces Institute 

of Pathology. 

Basic tasks which hospital corpsmen are expected to perform have 

been derived from existing job descriptions and job training standards. 

Appropriate training films and filmstrips are listed beside each task. 

Each listing includes the following information: the title of the film 

or filmstrip, an abbreviated physical description, year of release, 

author, sponsor, producer, and distributor (including an order number, if 

any), and a brier description of its content. 

Bibliographic sources of information contained in the catalogue include 

the following: 

1. U. S. Government Films: A Catalog of Motion Pictures 
and Filmstrips for Sale by the National Audio-Visual 
Center. Washington: National Archives and Records 
Service, General Services Administration,  1969. 

2. Film Reference Guide for Medicine and Allied Sciences. 
Atlanta: National Medical Audiovisual Center,  1968. 

3. The Armed Forces Institute of Pathology Catalog of Audio- 
Visual Educational Aids. Washington: Departments of the 
Army and the Air Force,  1967. Includes lantern and micro- 
scope slide sets as well as films. 

4. Medical and Surgical Motion Pictures: A Catalog of Selected 
Films. Chicago: American Medical Association,  1969. 
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Function: Patient Care 

Knowledge/Skills:   Basic Nursing 
Techniques 

A V Training Aids 

1. General medical terminology 

2. Interpersonal relationships 

3. Psychological aspects of 
illness 

4. Take nfid record 

a. temperature 

b. pulse 

c. respiration 

d. blood pressure 

Vital Signs.  Part 1: Cardinal Symptoms 
(21 min., sd., B&W, 16 mm.    Order 
No.   MN 8211-A, $37.00,  USN).    Explains 
temperature, pulse, respiration, and 
blood pressure by means of live action, 
animation, art work, and sound effects; 
tells how these vital signs present a 
picture of the condition of the body. 

Vital Signs.  Part 2:    Taking Temperature, 
Pulse, and Respiration (20 min., sd., 
B&W, 16 mm.    Order No.  MN 8211b, 
$35.25, USN). Demonstrates, in live 
action, the techniques of taking temperature 
(oral, rectal, axillary), pulse, and respiration 
of patients with a variety of conditions. 
Shows equipment needed and includes 
sanitary procedures and charting. 

Vital Signs.  Part 3: Taking Blood Pressure 
(11 min., sd., B&W, 16 mm.    Order No. 
MN 8211-C, $19.25, USN).    Explains and 
demonstrates the principles of taking 
systolic and diastolic pressures and the 
procedures followed with patients. Uses 
sound effects to show the significant 
changes in pulse tone. 

The Vital Signs and Their Interrelation: 
Body Temperature, Pulse. Respiration, 
Blood Pressure (32 min., sd., B&W, 16 
mm,    Order No. OE 406, $55.25, USOE). 
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I 
Function: 

Knowledge/Skills: 

I 
I 
I 

. 

Patient Care 

Basic Nursing 
Techniques 

A V Training Aids 

5. Prepare patient for and 
assist with physical exam 

6. Comfort and personal hygiene 

a.    make bed 

Describes the physiology of the 
respiratory,  heat rvgulatorv,  and 
circulatory systems and (heir inter- 
relationships; shows how to ascertain 
and record the vital signs - temperature, 
pulse,  respiration,  and blood pressure. 

Blood Pressure Readings (2ü min., 
optical sound,  B&W,   Ifi mm,   PHS 
#MIS-690),    Demonstration sequences 
from which measurements of blood 
pressure can be taken in a similar 
manner to the clinical measurement of 
blood pressure with the sphygmomano- 
meter and stethoscope.    Each scene 
shows the mercury being lowered in a 
manometer and the sound track pre- 
sents the accompanying blood pressure 
sounds.    A teaching film for persons 
who observe and record blood pressure 
readings. 

Basic Care of Patients-Part 1-Cleaning 
the Patient's Unit and Making an Un- 
occupied Bed (15 min.,  sd.,  B&W,  16 
mm, Order No.  TF 8-2471, $27.00, 
USA).    Stripping bed of soiled linen - 
cleaning bed, chair, and bed-side 
cabinet - making bed with clean linen - 
final straightening of the unit. 

Basic Care of Patients-Part ni-Making 
an Occupied Bed (17 min.,  sd.,  B&W, 
16 mm,    Order No.  TF 8-2473, $30.50, 
USA).    Positioning the patient - sequence 
and technique for removing foundation 
linen, draw sheets,  top sheets,  and 
pillow cases - replacing them with 
clean counterparts. 
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KuiH'lioii: Uaüeni Carv 

Knuwletlgo/Skills:     IVtsit.- Nursing 
A \    | ruining Aids 

I 
I 

Making the iH'cupieii Ik-d (15 min., 
sd.,  B&W,  It. mm» tntkr N«.  MN ■ 
HStlT-c,  $27.00,  USN>.     UnrmnstraUJS f 
the prot'tHiur« to l>e followed iiml the 
supplii'S and equipment needed to ur- » 
r;inKe a i)ed unit in the hospital room 
or ward while the Infd is occupied by 
a patient. t 
Making a Keeovery Bed (10 min.,  sd., 
B&'.V,   U mm, Urder No.   MKH570-b, 
$17.50,  ISNi.     Demonstrates the procedure 
to be followed and the equipment and 
supplies needed to arrange a bed unit in 
the hospital ward or room to ensure a 
uafe, warm, comfortable bed for the 
patient returning from surgery. 

Making an Unoccupied Bed (14 min., 
sd., B&W.  16 mm. Order No.  MN 
8576-a    $25.50,  USN).     Demonstrates 
the procedures to be followed and the 
equipment and supplies needed to ar- 
range a bed unit In a hospital ward or 
room. 

b.    give bath Basic Care of the Patlent-The Bed Bath 
(22 min.,  sd.,  B&W, 16 mm,  1964, 
Order No.  TF 8-3387, $38.50.  USAU 
Value of bed bath for patient; equipment 
and preparation for bath; steps in giving 
the bath; and after bath care. 

Bed Bath (29 mln., optical sound, B&W, 
16 mm,  1965,  Iowa - Univ. of #U-6372). 
A professional nurse demonstrates a 
systematic procedure for administering 
a complete bed bath to a nonambulatory 
patient.    The importance of observation 
and evaluation of the patients physical 
capacity and status,  mental capacity and 
status, and skin condition is emphasized. 

c.    give back rub The Bed Bath (19 min., sd.,  B&W,  16 mm, 
order No.  MN 8567-d, $33.75, USNi. 
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Kuncticm: Pattent Care 

Knowledge/Skills:   Basic Nursing 
Techniques 

A V Training Aids 

<t.    give oral hygiene 

e. 

f. 

administer bedpan 
and urinal 

maintain good posture 
and body alignment 

g* assist with patient 
exercise 

Shows the supplies ami equipmeni needed, 
dcmonstnitcs tht« order of the lath,  and 
the correet techniques to follow in Kiving 
the patient a baek rub. 

Basic Care of I'atUnts-Part IV-l»hvsieal 
Comforts (11 min., sd.,  B&W,   1«; mm. 
Order No.   TF H-2474,  §19.25,   USA). 
Mouth care of conscious and unconscious 
patients - changing position of patient 
in bed - use of helpful apt,.ianecs. 

Oral Hygiene for Hospitalized Patients 
(15 min.,  sd., c,   1U mm,   mp) VA, 
1957. 

Balance in Action (14 min., sd.,  B&W, 
16 mm Ml»,  1956,  Valifilm Productions, 
Inc.  in cooperation with Mt.  Zion 
Hospitil, San Francisco, and the Industrial 
Indemnity Insurance Co.,  USA). 
Denionstrates the importance of the 
application of good body mechanics to 
nursing assignments.    Designed 
specifically as a supplement to hospital- 
in-service training, this film uses non- 
technical language to emphasize 
principles involved.    Of particular 
importance to those whose activities 
impose unusual strain upon back muscles 
and lower spine. 

Techniques for Maintenance of Hange of 
Motion (19 min., sd.,  c, H mm 
(tape),  FS,  Plymouth State Home and 
Training School,  USA).     Demonstrates 
various passive exercises which can 
be used to aid the patient in maintaining 
joint mobility.    Explains that the exercises 
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Function: Patfcmi Care 

KM(wtod|B/Hülts:   Basic Nursing A V Trainin»' Aict» 

are also used in helping the mentally 
retarded or physically handicapped to 
know what their limbs are doing, 
although they are applicable for any 
patient confined to prolonged bed rest. 

7. Measure and record intake 
ami output 

8. Ward records,  admission 
and disposition of patients 

a. admit patient and 
process records 

b. orient new patient to 
hospital rules and 
surroundings 

c. maintain patient 
records during 
hospitalization 

d. process leaves and 
passes,  interward 
transfers and dis- 
charge of patient 

9. Principles of public health 

a.    use medical aseptic 
techniques in 

(1> performing general 
housekeeping 
functions 

(2) using personal pro- 
tective measures 

(3) cleac mg and dis- 
infecting patient 
areas 

Nursing Care - Ward Admission Procedure 
(20 mln., optical sound, B&W,  It» mm% 

1«J«(J,  Navy »MN-10220-A).  This film 
depicts the duties of the hospital corpsman 
relative to the admission of the ambulatory 
patient and his cooperation with the nursing 
staff to make the patient feel at ease in 
his new surroundings. Shows the hospital 
corpsmarfs responsibility in the admission 
of the seriously ill patient who is brought 
directly to the ward and the team work 
involved between the corpsman and the 
nurse to alleviate the patient % worry and 
to make him comfortable. 

Basic Care of I'ationls.  Part VH: Sterile 
Technique (13 mln., sd.,  IG mm,    MP, 
BfcW, USA, 1957).    Demonstrates the 
practice of sterile technique, emphasizing 
the Importance of 3 rules - use only 
sterile equipment, keep equipment sterile 
while in use, and keep the area sterile. 
Shows sterilization of equipment by means 
of moist heat, dry heat, and chemicals, 
with particular emphasis on autoclaving, 
boiling, baking, and flaming methods. 
Depicts the proper use of sterile forceps 

i 
I 
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Function.* 

Knowledge/Skills: 

I 

I 
: 

b. 

Patient Care 

Basic Nursing 
Techniques 

A V Training Aids 

(4) disposing of 
contaminated 
materials 

(5) collecting laboratory 
specimens 

(6) investigating outbreaks 
of hospital sepsis 

use surgical aseptic 
techniques in 

(1) application of 
dressings 

and towels in handling slerik' equjpment, 
and explains the cleansing and protection 
of the area being treated. 

Chain of Asepsis (20 min.,  sd.,  M-W, 
16 mm,  MP,  1944,   ISN,   Produced by 
DeFrenes &• Co.).   Kmphasizcs the 
importance of sterile linens,  pre- 
operativc preparation of the patient, 
scrub technique, preparation of the 
operating room, and maintenance of 
the chain of asepsis. 

Disinfection of Clinical Thermometers, 
Part 1: Oral Thermometers ((i7 fr,  sd., 
c,  35 mm (disc Is 12 in 33 1/3 pm 
10 min) FS,  1952,  USPHS).    Demonstrates 
procedures to be followed in cleaning 
and disinfecting oral thermometers. 

Handwaahing in Patient Care (15 min., 
sd., c.,  16 mm,  MP,  1961,  USPHS). 
Demonstrates the importance of the 
conscientious practice of hand washing 
in order to avoid transmission of 
pathogens. 

Control of Infection in Surgical Dressing, 
Part m-Dressing Technique for l^trge 
Wounds,  Particularly Burns (28 min., 
optical sound, color,  16 mm,  1949, 
Imperial Chemical ' M 20).    This part of 
the film demonstrates a unit at the 
Birmingham Accident Hospital designed 
specially to overcome airborne infection. 
Shots of models and actual layout show 
how the unit is ventilated and air treated 
before entering the unit.    The efficacy 
of the air treatment and other precautions 
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Function: l'aiient Care 

Knowledge/Skills:   Basic Nursing 
Techniques 

A V Training Aids 

(2) applying heat 
and cold 

is demonstrated by means of the slit 
sampler, by which it is possible to 
estimate the bacterial purity of the air. 
Air samples taken in the unit are com- 
pared with those taken in other parts 
of the hospital.    The film then demon- 
strates the technique of a dressing. 
The functions of each member of the 
team and the handling of the patient 
are elearly demonstrated.    The film 
is concluded with some of the results. 
Recent scientific advances have made 
parts of this film somewhat out-of- 
date. 

Control of Infection In Surgical 
Dressings, Part 11,  Dressing Technique 
(or Small Wounds (1H mln., optical 
sound, color, 16 mm,  1949, Imperial 
Chemical #M 19).    A diagram demon- 
strates the sources of self-and cross- 
Infoctlons.    This part deals with the 
treatment of relatively small wounds 
where the risk of airborne Infection 
Is not very great, the emphasis being 
placed on the risk of contact infections 
which can be prevented by a good aseptic 
dressing technlc.    This Is first demon- 
strated by showing the technlc for one 
nurse in a factory surgery, followed 
by the technlc adopted for a team of 
nurses In a hospital outpatient 
department.    Recent scientific advances 
have made parts of this film somewhat 
out-of-date. 

Therapeutic Uses of Heat and Cold. 
Part 1:   Administering Hot Applications 
(21 mln., sd., BftW, 16 mm.    Order 
No. OE 408, $37.00,  USOE).    Body 
reactions to heat; use of heat In the 
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Function: Patient Care 

Knowledge/Skills;  Basic Nursing 
Techniques 

A V Training Aids 

(3) assisting the 
nurse and 
physician with 
sterile procedures 

(4) sterilization of 
equipment and 
supplies 

10.   Diets 

a.   basic nutrition and diet 
therapy 

alleviation of pain; how to apply hot 
water Ijottles, electric pads, chemical 
pads,  and paraffin bath; use hot soak, 
compresses, infra-red lamp, and 
shortwave diathermy. 

Therapeutic Uses of Heat and Cold. 
Part 11:   Administering Cold Appli- 
cations (22 min., sd., B&W, 16 mm. 
Order No. OE 409, $38.50,  USOE). 
Body responses to cold; therapeutic 
uses of cold; how to administer 
contrast baths and ice bags; apply ice 
packs as anesthesia; and use refrigera- 
ting blankets and cold chamber. 

Basic Care of Patients-Part VTI- 
Sterile Technique (13 min., sd.,  PAiWt 

16 mm. Order No. TF 8-2477, 
$23.75,  USA).    Sterilizing equipment 
with moist heat, dry heat, and 
chemicals - 

Handling sterile equipment - Care of 
equipment when not in use - Keeping 
area being treated sterile. 

Feeding the Patient (15 mi^, sd., 
B&W, 16 mm manual MP, 1955, 
USOE with fiie cooperation of USPHS, 
produced by Willard Pictures». 
Describes factors which affect appetite 
and digestion; preparation of the 
environment and the patient for the 
meal; proper balance of food and 
arrangement of the tray; individualized 
feeding care; and factors to be con- 
sidered in after-care of the patient. 
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Function: .'aiienl Care 

Knowledge/Skills:  Basic Nursing 
Techniques 

b.    serve diets and feed 
patient 

11.    Preoperativt care 

a.    make and report 
observaticns 

b.    identify problems 
and needs 

c. perform nursing 
care to meet problems 
and needs 

d. perform administrative 
procedures related to 
preoperative care 

A V Training Aids 

Basic Care ol' Patients - Part V- 
Feeding the Patient (8 min., sd., 
B&W,  Iti mm.    Order No. TF 8- 
2475, $14.25,  USA».    How corpsman 
prepares patient for meals,  serves 
trays, assists seml-help\ess and 
postoperative patients, and feeds 
helpless patients. 

Basic Care of Patients,  Part VlII: 
Preoperative Care ('.> mln., sd., 
B&W,   16 mm,  MP,   1957,  USA). 
Describes the mental and physical 
care given the patient before surgery, 
defining the responsibilities of each 
member of the medical team ■ 
doctor, nurse, corpsman, and 
operating room specialist.    Emphasizes 
the importance of allayir    the patient's 
fears, and points out that the success 
of the surgery may depend on how 
well the patient is prepared for It. 

Preoperative Care (16 mln., sd., 
BI»W, 16 mm. Order No. MN8576f, 
$28,50, USN).    Presents the duties 
and responsibilities of hospital corps- 
men in preparing a patient for surgery 
in the 16- to 24-hour period im- 
mediately preceding the operation. 
Demonstrates the specific procedure 
of checking for completion of lab- 
oratory work; supervision of patient's 
meal; Intake of water and other 
liquids orally; administration of the 
cleansing enema; preparation of the 
skin at the operative site; adminis- 
tration of hypnotic the evening before 
surgery; provision of routine morning 
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Function: Patient Care 

Knowledge/Skills:  Basic Nursing 
Techniques 

A V Training Aids 

12.    Postoperative care 

a.  make and report 
observations 

b.  identify problems 
and needs 

c. perform nursing care 
to meet problems and 
needs 

care on day of surgery; and pro- 
cedures to be accomplished im- 
mediately before pr.tient is taken to 
surgery. 

Basic Care of Patients,   Part IX: 
Postoperative Cart  (12 min.,   sd,, 
B&W,  16 mm MP,   1957,  US/!). 
Describes the special care given the 
patient after surgery, and emphasizes 
that the patient's ultimate recovery 
may be dependent upon the proper 
techniques used by the corpsman 
and other members of the medical 
team during this phase. 

Postoperative Care (14 min., sd., 
B&W, 16 mm, Order No.  MN8576g, 
$25.50, USN).    Describes the duties 
and responsibilities of hospital 
corpsmen in caring for a patient 
immediately after surgery.    Depicts 
in detail the preparation of the bed- 
side area; inspection of operative 
site for bleeding; observation and 
recording of temperature, pulse, 
respiration, and blood pressure; 
assisting the respiration of the 
patient, If necessary, including the 
technique of removal of an artificial 
airway; administration of medications 
for pain; assisting the patient to move 
In bed; assisting the patient to void; 
observation of patient for signs of 
any complication following the surgeiy; 
and general encouragement toward 
recovery. 
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Function: 

Knowledge/Skills: 

Patient Care 

Basic Nursing 
Techniques 

A V Training Aids 

13. Blood and blood substitutes 

a. procedures for obtaining 
and giving blood 

(1) request typing and 
cross-matching 

(2) obtain blood from 
blood bank 

(3) assist with trans- 
fusions 

b. observe and report the 
condition of patient 
receiving blood and 
blood substitutes 

14. Oxygen therapy and 
resuscitation 

a. operate oxygen equip- 
ment 

(1) tent 

(2) mask 

(3) catheter and 
cannula 

b. operate IPPB apparatus 

c. operate oxygen analyzer 

d. operate mechanical suction 
iquipment 

e. operate inhalator 

Oxygen Therapy-Theory and Procedure 
(23 min., sd., color,  16 mm,  MP, 
1962,  USA).    Describes the symptoms 
and effects of hypoxia and the treat- 
ment thereof by oxygen therapy. 
Methods, equipment, and procedures 
employed in the administration of 
oxygen therapy are highlighted. 

Introduction to Prolonged Artificial 
Ventilation (38 min., sd., color, 
16 mm,  MP,  1962,  USA). 
Tsaches the principles of safe pro- 
longed mechanical artificial venti- 
lation, safe tracheotomy care, and 
transportation of the apneic patients. 
Demonstrates the differences between 
intermittent positive pressure venti- 
lation and ventilation with the tank 
respirator.    The techniques shown 
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Function: Patient Care 

Knowledge/Skills:    Basic Nursing 
Techniques 

A V Training Aids 

f. operate respirator 

g, operate resuscitator 

h. insert oral airway 

i. nursing care of patient 
with a tracheotomy 

(1) suction patient 

(2) clean inner cannula 

(3) change dressings 

(4) support medical 
nursing care plan 

include: monitoring of ventilation, the 
use of cuffed and uncuffed tracheotomy 
tubes, a "minimal leak" technique with 
cuffed tubes which permits the patient 
to talk,  humidification of the inhaled 
air, sterile atraumatic tracheotomy 
care, artificial coughing and "sighing", 
change of posture, nursing care and 
transportation. 

Nurse in Emergency Cardiopulmonary 
Resuscitation (15 min., optical sound, 
color, 16 mm, Cinema Pictures, Inc.). 
The film illustrates the nurse's function 
and responsibility in a hospital cardio- 
pulmonary resuscitation from the 
initiation of resuscitation through to the 
transfer of the patient to the care of 
the physician. 

Use of inhalation Therapy Equipment, 
Part I.    Simple Application (29 min., 
optical sound, B&W, 16 mm, 1968, 
##TF 8 3872, USA).    Teaches medical 
technicians the proper procedures and 
associated safety precautions in the 
use of inhalation therapy equipment 
for patients who can breathe without 
assistance.    Requirement for standard 
safety practices in handling compressed 
gases, and for asepsis in handling 
inhalation therapy equipment is under- 
scored.    Steps in preparing and admin- 
istering the following items of inhalation 
therapy equipment are depicted: nasal 
cannula, nasal catheter, oxygen mask, 
oxygen tent, oxygen analyzer, croupette, 
and isolette.    Special procedures for 
administering inhalation therapy equip- 
ment to the patient with a tracheotomy 
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Function: Patient Care 

Knowledge/Skills:    Basic Nursing 
Techniques 

A V Training Aids 

16. Administration of 
medications 

a. give medications 
under the supervision 
of a nurse or physician 

are demonstrated.    Finally, use of 
emergency inhalation equipment in 
ambulances, dispensaries, and dental 
clinics is discussed briefly. 

Use of Inhalation Therapy Equipment, 
Part II, Intermittent Positive Pressure 
Breathing (28 min., optical sound, 
color,  16 mm,  1968, #TF 8-3873, 
USA).    Teaches medical technicians 
the use of inhalation therapy equip- 
ment for intermittent positive pressure 
breathing in the treatment of patients 
who are unable to breathe without 
assistance.    Design and operation of 
the Bennett   Respirator, the Bird 
Respirator, and the Morch Respirator 
are described.    A step-by-step 
demonstration is given to the procedures 
necessary to set up and put each unit 
into operation.    Special safety pre- 
cautions are pointed out. 

Administration of Drugs (10 min., 
optical sound, B&W,  16 mm, 1957, 
AF #FTA 367). 
Demonstrates procedures for oral, 
rectal, and intravenous administration 
of drugs. 

Ounce of Prevention (27 min., optical 
sound, B&W,  16 mm, 1965, AMA 
#182, Amer. Hosp.  Assoc).    The 
subject matter of this film is the pre- 
vention of errors in medication 
practice.    The tone of the presentation 
is positive and straightforward.    The 
principles of proper medication 
practice are presented without the 
details of a particular hospital routine. 
Five basic considerations for good 
medication practice are individually 
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Function: 

Knowledge /Skills: 

Patient Care 

Basic Nursing 
Techniques 

A V Training aids 

' 

' 

(1) oral 

(2) parenteral 

discussed by a commentator,  and 
clear examples of each are enacted 
in a hospital setting.    The positive 
approach of the film is exemplified 
by these five basic considerations 
which are termed five rights of good 
medication practice — right drug, 
right dose,  right route,  right time, 
and right patient.    This film is 
highly recommended for students of 
nursing who have had some instruction 
in medication practice, as a useful 
tool for the inservice education of 
hospital nursing staff, and for all 
hospital personnel involved with 
medication practice. 

Oral Administration of Medications 
(14 min.,  sd., B&W, 16 mm, Order 
No.  MN 8576j, $25.50, USN).    Pre- 
sents the duties of hospital corpsmen 
in administering medications by mouth 
to patients in wards of naval hospitals. 
Demonstrates in detail the preparation 
of medication and treatment caiis in 
accordance with the orders of medical 
officers; the use of medication and 
treatment board as a convenient 
method for reminding personnel to 
administer medication at correct 
times; the preparation of specific 
doses of various types of oral 
medications; and the procedure to be 
followed when administering the medi- 
cations to patients. 

Techniques of Parenteral Medication 
(25 min., optical sound, color,  16 mm, 
1963, ANA-NLN, Becton Dickinson & 
Co., Inc.).    Fundamentals in the 
administration of subcutaneous. 
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Function: Patient Care 

Knowledge/Skills:    Basic Nursina 
Techniques 

A V Training Aids 

a. intradermal 

b. subcutaneous 

c. intramuscular 

d. immunizations 

intradernuil,   intramuscular and intra- 
venous injections.     Kinphasis on 
principles involved,   simplification and 
standardization of procedures.    A 
teaching film of timely interest to 
nurses,  as increased responsibility 
is being transferred to nursing by the 
medical profession for parenteral 
administration of medicants. 

Needle Injections,   Part 1: Kquipment 
and Medications (15 min.,  sd., B&W, 
16 mm,  MP,  1957,  USN).    Illustrates 
the purposes of needle injections, 
emphasizes the need for sterile 
techniques,  and describes in step-by- 
step detail the preparation of equip- 
ment and of the various forms of 
medication used for injection.    Shows 
cleaning up after the injection, and 
the recording of information on the 
patient's chart.    Includes close-up 
photography. 

Needle Injections,  Part 2:   Intradermal, 
Subcutaneous, and Intramuscular Injection 
Techniques (8 min., sd.,  B&W, 16 mm, 
MP,  1957,  USN).    Defines and demon- 
strates intradermal,  subcutaneous, and 
intramuscular injections, using art work 
and live photography.    Shows each pro- 
cedure by steps, then repeats it as a 
single action for review. 

Technique and Sites for Subcutaneous 
and Intramuscular Injections (31 min., 
sd.,  B&W,  35 mm,   FS,  1954,  USA). 
Illustrates approved medical procedures 
for administering subcutaneous and intra- 
muscular injections,  various types of 
hypodermic equipment and their appli- 
cation, and the necessity of following 
prescribed procedures for the safety 
and health of patients. 
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Function: 

Knowledge/Skills: 

Patient Care 

Basic NurcslM 
Techniques 

A V Training Aids 

(3) sublingual 

(4) rectal 

b.  Intravenous medications 
and fluids 

(1) assist with 
procedures 

(2) observe patient during 
therapy 

Basic Care of Patients-Part VI-The 
Knenia (10 min.,   sd.,   M-W,   M mm, 
Order No.  TF 8-2ITC,  SI7.50,   IfSA). 
I>roper way to administer eleansinK 
enema - Preparation of  «-quipmint and 
solution - Preparation of patient - 
Administering the enema - After-care 
of patient and equipment - observation 
of results. 

Intravenous Administration of Fluids 
(18 min., sd.,  B&W, l(i mm, Order 
No.   MN 857fi-e,  $32.00,   USN). 
Describes the responsibilities of 
hospital corpsmen and demonstrates 
the specific procedures that they must 
follow when preparing a patient and in 
assisting the medical officer to admin- 
ister large doses of fluids to patients 
In naval hospitals. 

Intravenous Fluid Infusion,  Basic Theory 
and Practice (27 min., optical sound, 
color,  16 mm,  1968, Abbott Labs, 
ANA-NLN, LaRue Films,  Inc.). The 
first part of this film is devoted to 
the theory and rationale for fluid 
therapy.    This part of the film explains 
the water content of the human body. 
Electrolytes are defined and related to 
their role in maintaining the body's 
fluid and chemical equilibrium.    The 
delicate balance between acidity and 
alkalinity with various disturbances to 
this equilibrium are illustrated.    The 
necessity for correcting such fluid and 
electrolyte disturbances is stressed. 
The second part of the film shows the 
actual administration of intravenous 
fluids.    The proper handling and 
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Function: 

Knowledge/Skills: 

Patient Care 

Basic Nursing 
Techniques 

A V Training Aids 

———■■——MB— mi»       ——     ■       ■   ■ ■       ■   ■ a »in   m 

assembling of TV administration set 
is followed by a detailed step-In-step 
needle venipuncture using a hospitalized 
patient. 

Needle Injections,   Part K; Intravenous 
Needle-Injection Technique (5 min.,  sd., 
B&W,  IC mm,  MP, 1957,  USN). 
Demonstrates in detail the technique 
of 1-V injection, using art work and 
live photography.    Shows the medical 
officer and corps man working as a 
team, and makes the point that the 
doctor performs the actual insertion 
except when the corpsman is called 
upon to do so in an emergency. 
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Function: Patient Care 

Knowledge/Skills:     Special Nursing 
Techniques 

A V Training Aids 

1. Care of patients with 
maxillo-facial injuries 

2. Care of patients with 
dcrmatologicul disorders 

3. Care of patients with 
cardiovascular, lymphatic 
and blood disorders 

a* perform diagnostic, 
therapeutic^ and special 
nursing procedures 

(1) apical-radial pulse 

(2) electrocardiograph 

Care of the Cardiac Patient (M min., 
sd.,  B&W,   16 mm.  Order No. OE 419, 
$56.75,  USOE).     Nursing care given a 
cardiac patient,  including comfort,  rest, 
sleep, diet, feeding, elimination, cleanli- 
ness, and diversional and occupational 
therapy. 

Introduction to Nursing in a Coronary 
Care Unit (20 min., sd., color, 16 
mm. Order No.  M-1461, $88.00, 
NMAC).    Demonstrates the nurse's 
role in the care of the coronary patient. 
Includes lifcsaving procedures which 
should be used before the doctor arrives 
and explains electronic equipment which 
can determine the type of heart attack 
the patient is having. 

Nursing Care: The Cardiac Patient 
(23 min., sd., color,  16 mm,  MP, 
1966, USN). Illustrates the hospital 
corpsman's part in the care of a patient 
suffering from a myocardial infarction, 
covering such details as frequent taking 
of vital signs, administration of oxygen, 
awareness of eti^cts of anticoagulant 
therapy, bathing, feeding, assistance 
and observation during patient's gradual 
recovery.    Particular attention is given 
to the importance of charting and to the 
corpsman's attitude and manner toward 
the patient. 

4.    Care of patients with 
orthopedic disorders 
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Function: Patient Care 

Knowledge/Skills:      Special  Nursing 
Techniques 

A V Training Aids 

a. perform diagnoätic, 
therapeutic, and special 
nursing procedures 

(1) apply and remove 
plaster casts 

(2) apply traction 
devices 

(3) apply orthopedic 
appliances including 
crutches 

5.    Care of patients with urological 
disorders 

a. perform or assist with 
diagnostic, therapeutic 
and special nursing 
procedures 

(1) catheterization 

(2) Irrigation 

(3) operate drainage 
equipment 

(4) cystoscopy 

Catheterization Technique (18 min., 
sd.,  c.(  16 mm, MP,  1961,  USA), 
Describes the anatomy and physiology 
of the urinary tract, and outlines 
clinical indications for catheterization 
of the urinary bladder.    Shows the 
equipment requirod, sterile pre- 
cautions to be followed, and the 
technique for catheterlzlng a male 
patient using the standard red rubber 
catheter; illustrates the use of the 
Foley catheter for continuous drainage 
of the bladder. 

Use of the Condom Appliance for the 
Incontinent Patient (8-1/2 mln., sd., 
color,  16 mm. Order No.  M-1335, 
$29.25, NMAC).    Presents in detail 
the assembly and application of the 
condom appliance, which provides a 
means whereby the incontinent male 
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Function: 

K nowlcdgc/Skills: 

Patient Care 

Special Nursing 
Techniques 

A V Training Aids 

6.    Care of patient with gastro- 
intestinal disorders 

a. perform or assist with 
diagnostic, therapeutic* 
and special nursing 
procedures 

(1) gastric suction 

(2) enemas 

(3) gastric analysis 

(4) sigmoidoscopy 

(5) radlographic studies 

patient can be kept dry without the 
use of an indwelling catheter. 

Nursing Care of Urinary Drainage 
(13 min., sd., color, l(i mm, 19()9, 
Davis and Geck «CS-104Ü). The film 
discusses the reason for care in 
urinary catheter drainage and demon- 
strates a good technique for use with 
both male and female patients. 

Basic Care of Patients.    Part Vl: 
The Enema (10 min., sd., B&W, 
16 mm,  MP,  1957,  USA).    Explains 
that the enema treatment is given on 
the doctor's orders and should be 
performed with care and precision. 
Demonstrates the procedure to 
follow in administering the cleansing 
enema. 

Enemas (20 min., sd., B&W,  16 mm, 
MP,  1944,  Produced by Chicago Film 
Lab, USN).    Discusses two main types 
of enemas,  retention and evacuant; 
demonstrates the procedure for giving 
them and the after care of the patient 
and equipment. 
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Function: Patient Car« 

Knowledgf/Skills:     Special Nuraing 
Techniques 

A V Training Aids 

7.     Care of patients with 
neurological disorders 

a.  perform or assist with 
diagnostic,  therapeutic, 
and special nursing 
procedures 

(1) turning frames 

<2) lumbar punctures 

8. Care of patients with 
metabolic disorders 

a. test urine 

Use of Turning Frames (35 min.,  sd., 
B&W,   U mm,   IMP,   19m,  USA). 
Teaches nursing personnel the clinical 
requirement for and proper use of 
turning frames.    Physiological reasons 
for the use of turning frames for 
patients with spinal cord injuries or 
other conditions requiring immobilization 
are stressed, namely the prevention of 
decubitus ulcers,  respiratory compli- 
cations, and kidney complications. 
Improvisation and use of turning frames 
in the field are illustrated.    Features 
and use of the standard Stryker,  Foster 
and Circo-Electric frames in military 
hospitals are depicted in turn.  Through- 
out, emphasis Id placed on the imiaortancc 
of proper positioning and care of the 
patient on the frames; and correct turn- 
ing procedures. 

Lumbar Puncture (13 min.,  sd.,  B&W, 
16 mm, Order No.  MN 1511-n, $23.75, 
USN).    Shows how to prepare a patient 
for a lumbar puncture; indicates the 
position of the patient; describes the 
operation; and by animation demonstrates 
what happens when the injection is made. 

Nursing Care:    The Diabetic Patient 
(29 min., sd., color,  16 mm,  MP, 
1966,  USN).    Explains the sugar-insulin 
imbalance which is diabetes mellltus. 
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Function: Patient Care 

Knowledge/Skills:   Special Nursing 
Techniques 

A V Training Aids 

9.    Care or patients with 
EENT disorders 

a. perform and assist 
with special nursing 
procedures 

(1) Irrigations 

(2) compresses 

(3) instillations 

(4) dressings 

Illustrates,  for the hospital corpsman, 
five points in the care of the diabetic 
patient:   testing of urine, administering 
of insulin, proper diet» regulated 
physical activity and proper persosial 
hygiene.     Particular attention is given 
to accuracy in tesiing urine, adminis- 
tering insulin and to helping the patient 
learn self-care. 

Ear,  Nose and Throat Treatments 
(15 min.,  sd., B&W, 1« fnm, Order 
No.   MN 857C-1,  $27.00,  USm. 
Explains the duties and responsihilities 
of hospital corpsmen in providing 
certain simple treatments for the ear» 
nose an* throat as ordered by medical 
officers, for patients in wards of naval 
hospitals.    Depicts in detail the follow- 
ing treatments: instillation of ear drops; 
irrigation of the ear; instillation of nose 
drops; application of I nasal spray; 
application of a throat spray; amd ir- 
rigation of the throat. 

Surgical Nursing Care of the Eye 
Patient.    (22 min., optical sound, 
color, 16 mm, 190f Davis and Geek 
#ECS-765).    The eye nurse is a* 
important part of the eye surglcil 
team.    She must have certain aWlities 
innate in any surgical nurse, but 
specialized in this field.    She must 
have a thorough knowledge of the 
anatomy and physiology of the eye — 
must know eye instruments and their 
special care — and must be familiar 
with the technic of the operation. In 
maay hospitals without residents she 
acts as the first assistant to the 
ophthalmic surgeon. 
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Function: Patient Care 

Knowledge/Skills:      Special Nursing 
Techniques 

A V   Training Aids 

10. Care of pediatric patients 

11. Care of geriatric patients 

12. Care of patients with mental 
disorders 

a. apply restraining devices 

Year 5 for Living-Changing Concepts in 
Care for the Aging (27 min.,   sd.,   B&W, 
16 mm, Sandoz Pharmaceuticals l#QEH- 
1).  The number of patients over ü5 re- 
quiring effective and long lasting manage- 
ment of their health problems is increas- 
ing daily.     This film describes and 
explains a series of varied but inter ■ 
related concepts which are essential for 
both understanding and dealing with the 
problems of the aging patient.    The 
film centers upon the essential planning 
and teamwork effort that the family 
physician and his colleagues in the para- 
medical professions must provide in 
order to deal with the progressive 
infirmities of old people.    The nursing 
home is no longer considered a dead 
end for the elderly but rather a goal 
directed therapeutic facility where many 
of its patients are treated and re- 
habilitated for return to their families 
and communities.    The basic role that 
all types of paramedical personnel 
exercise in the running of a successful 
and modern nursing home is presented. 

Psychiatric Nursing: The Nurse-Patient 
Relationship (34 min.,  sd.,  B&W,  16 
mm,  MP,  1958,  Smith Kline and French 
Labs and ANA-NLN Film Svc,  USA). 
Discusses principles in psychiatric 
nursing, emphasizing the importance of 
the therapeutic nurse-patient relationship 
in the care and treatment of the mentally 
ill.    Describes the importance of the 
nurse's acceptance of patient behavior, 
and explains that the nurse, as a person, 
can help a mentally ill patient bridge 
the gap from her own world to reality. 
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Function: 

Knowledge/Skills: 

Patient Care 

Special Nursing 
Techniques 

A V Training Aids 

** 

13. Care of patients with 
infectious and parasitic 
disorders 

A Positive Approach to the Psychiatric 
Patient (30 min.,  sd.,  B&W,  16 mm, 
$52.00).    Shows the treatment in 
Veterans Administration hospitals for 
psychiatric patients who have emerged 
from acute episodes of mental illness 
but who are not yet well enough to 
leave the hospital.    Uses a hospital 
ward unit as the local setting,  and 
stresses the roles of the nurse,  aide, 
and physician. 

Nurses Day with the Mentally III 
(22 min.,  sd.,  color,  16 mm,   1954, 
PCR # PCR 2042K).  Shows typical 
activities of a student nurse in a 
modern psychiatric hospital.    Re- 
assuring and supporting roles explained 
and demonstrated.    Nursing care in 
connection with the shock therapies 
illustrated.    Nurses part in a lobotomy 
operation is shown.    Examples of the 
didactic training of nurses are given. 
The film includes many spontaneous 
examples of the behavior of the 
mentally ill. 

Isolation Technic (24 min.,  sd.,  B&W, 
16 mm,  MP,  1960, produced by Willard 
Pictures, USN).    Demonstrates how to 
perform medical aseptic techniques when 
caring for a patient with a communicable 
disease.    Shows how to set up an 
isolation unit, how to organize the work, 
v/hen to wash the hands, how to remove 
anc4 clean items used in the unit.    Con- 
cludes with a short summary of basic 
principles to be observed when caring 
for a patient in isolation. 
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Function: Patient Care 

Knowledge/Skills]     Special Nursing 
Techniques 

A V Training Aids 

14.  Cure of burned patients Management of Burns.     Part 1: 
Supportive Care (18 min.,  sd.,  c., 
Ki mm,   MP,   1058,   USA).     Explains 
the diagnosis,  care and treatment of 
patients suffering from burn injuries. 
Describes how to make an accurate 
appraisal of injury,  how to administer 
sedation and how to establish the 
venous life line; gives requirements 
for tracheotomy and for maintaining 
the patient's urinary output; demon- 
strates planned fluid therapy and the 
use of hematocrit to determine 
relative amounts of plasma and 
corpuscles in blood. 

Management of Bums.  Part 2: Local 
Care (15 min., sd., c.,  16 mm,  MP, 
1958, USA).  Describes procedures 
followed in the dressing and operating 
rooms, including cleansing the wound, 
debridement of the skin, occlusive 
dressing treatment,  air treatment 
and skin grafting.    Emphasizes the 
importance of preventing contamination 
of the wound. 

Management of Burns.  Part 3: Skin 
Grafting (21 min., sd., c.,  16 mm, 
MP,  1959,  USA).    Depicts the operative 
care given to burn patients undergoing 
skin grafting of limbs, hands and body 
areas.    Illustrates and explains various 
techniques and methods of grafting, 
including removal of devitalized tissue, 
preparation of granulated area for 
grafting, selection and preparation of 
donor site,  removal of skin from donor 
site, grafting on recipient area and 
dressing the wound. 
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Function: 

Knowledge /Skills: 

Patient Care 

Special Nursing 
Techniques 

A V Training Aids 

Management of Burns,  Part 4: Re- 
habilitation (9 min.,  sd.,  c.,   IG mm, 
MP,   1959,  USA).    Describes the re- 
habilitation care given to bum patients 
to obtain maximum usage of damaged 
areas and prevent contracture:  optimum 
nutrition,  hydrotherapy,  infra-red light 
and ultra-violet light treatment, 
massage, active and passive exercise, 
functional retraining and occupational 
therapy. 

Early Management of the Severely 
Burned Patient (30 min.,  sd.,  c., 
16 mm,  MP,  1956, American 
Cyanamid Co.  Surgical Products Div., 
USA).    Presents the important steps 
in managing the severely burned 
patient.    Discusses the prevention of 
infection and the treatment of shock, 
demonstrates the technique of the 
initial treatment of the burned surface 
and the application of occlusive, 
absorptive dressings and shows interim 
care to the time of the first grafting. 
Professional use only. 

Early Intensive Therapy-Burned Hands 
(15 min,, sd., c,  16 mm,  MP,  1966, 
USA).    Depicts the treatment and early 
intensive therapy of patients with burned 
hands as performed at the Brooke Army 
Medical Center,  Fort Sam Houston, 
Texas.    Shows how first,  second, and 
third degree bums are handled to gain 
maximum degree of function in the 
shortest possible time.    Salient teach- 
ing points cover: diagnosis of depth of 
bum,  surgical excision of burned skin, 
skin grafting, and dynamic therapy. 
Therapy phase,  splinting, exercise 
hydrotherapy, and functional therapy 
are shown. 
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Function: Patient Care 

Knowledge/Skills:    Special Nursing- 
Techniques 

A V Training Aids 

15.  Care of obstetrical and 
newborn patients 

a.  assist physician with 
deliveries 

b. prenatal and postnatal 
care of mother 

Maternity Care: Labor and Delivery 
(38 min.,  sd.,  c.,  16 mm,  MP,  1964, 
USN).    Depicts events occurring during 
labor and delivery to help the pregnant 
woman understand how she can contribute 
to her own comfort and her baby's safety. 
The film is designed to minimize and 
possibly eliminate the apprehension 
normally experienced by primiparas. 
Art work is used to differentiate false 
from true labor, explains what happens 
to the cervix and uterus during labor, 
and describes the usual signs which 
portend the start of labor. 

Emergency Childbirth.  (21 min., sd., 
c., 16 mm,  MP,  1961, USN).  This 
film is designed to prepare corps men 
psychologically and technically to render 
necessary assistance in the emergency 
delivery of a baby.    It presents the 
indications when delivery is too 
imminent to risk transportation to a 
hospital, the detailed procedures to 
follow, cautions to be observed in the 
actual delivery, and the care of mother 
and baby immediately following delivery. 

Postnatal Care.    (12 min., sd., B&W, 
16 mm,  MP,  1952,  Medical Films - 
later name Medical Arts Productions, 
USA),    Shows a mother in the hospital 
room doing exercises, caring for baby, 
nursing, etc.    Discusses father's 
relation to new situation and portrays 
joy to be found in the new family 
pattern.    Diagrams show how mother's 
body returns to normal. 
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Function: Patient Care 

Knowledge/Skills:    Special Nursing 
Techniques 

c. nursing care of infant 

d. operate incubators 

16. Care of patients with 
gynecological disorders 

a.    perform or assist with 
diagnostic, therapeutic 
and special nursing 
procedures 

(1) vaginal examinations 

(2) Ripanicolaou smear 

(3) vaginal irrigation 

17, Care of patients with 
pulmonary disorders 

a.    perform or assist with 
diagnostic, therapeutic, 
and special nursing 
procedures 

A V Training Aids 

Prenatal Care.    (23 min.,  sd.,  B&W, 
16 mm,   MP,   1952,   Medical Films - 
later name Medical Arts Production, 
USA).    Through the prenatal care of 
three pregnant women, this film tells 
the need of medical examination and 
care, discusses correct diet, presents 
exercises for daily use,  shows proper 
clothing, etc. 

Chronic Obstructive Pulmonary 
Disease: Breathing Patterns (5 min., 
sd.,  color,  16 mm, Order No.  M- 
1569, $18.00, NMAC). Shows patterns 
of breathing and how to teach them to 
a patient with chronic obstructive 
pulmonary disease. 

Chronic Obstructive Pulmonary 
Disease: Diaphragmatic Breathing 
(6-3/4 min.,  sd.,  color,  16 mm. 
Order No.  M-1571,  $24.50,  NMAC). 
Shows method for correcting faulty 
breathing patterns of the patient with 
chronic obstructive pulmonary disease 
with the ultimate goal of restoring 
normal use of the diaphragm. 
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Function: Patient Care 

Knowledge/Skills:    Special Nursing 
Techniques 

A V Training Aids 

(1) sputum collection 

(2) gastric washings 

(3) closed chest drainage 

(4) thoracentesis 

(5) postural drainage 

18.    Care of very seriously ill 
patients 

Chronic Obstructive Pulmonary 
Disease: Intermittent Positive Pressure 
Breathing (G min.,  sd.,  color,  16 mm, 
Order No.   M-1570,  $21.25,  NMAC). 
Explains how to teach a patient with 
chronic obstructive pulmonary disease 
to use a mechanical respirator as an 
adjunct to the total respiratory re- 
habilitation program. 

Chronic Obstructive Pulmonary 
Disease: The Use of Oxygen in 
Physical Therapy Management. 
(5-3/4 min.,  sd.,  color,  16 mm, 
Order No.  M-1572, $21.51, NMAC). 
Shows how various machines, de- 
pending on the particular need, are 
used to supply oxygen to the patient 
with chronic obstructive pulmonary 
disease. 

Thoracentesis (20 min.,  sd,, 
16 mm,  MP,  1963, USA). 

c. 

Intensive Care in Critical Illness, 
(29 min.,  sd,, c,  16 mm,  1968). 
The film outlines the scope and 
development of intensive care, and 
illustrates the specific methods used 
in the assessment and treatment of 
critically ill patients. 

Intensive Care (18 min., sd., color, 
16 mm,   Order No.  M-693, $61.75, 
NMAC).    Explains establishment and 
operation of an intensive patient care 
ward in the hospital.    Gives a detailed 
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Function: 

Knowledge /Skill s: 

Patient Care 

Special Nursing 
Techniques 

19.    Care of patients with chronic 
diseases 

A V Training Aids 

description of the intensive care room 
and its relation to progressive patient 
care.    Covers the flexibility of the 
units,  the skilled staff which operates 
the unit,  and some of the administrative 
policies. 

Nursing Management of the Patient 
with Cancer.    (29 min.,  sd.,  c., 
16 mm,  1966,  Amer.  Cancer Society 
#3759).    Three essential factors of 
life - breathing, nourishment, and 
elimination - are considered in 
relation to the patient being treated 
for cancer of the larynx, colon, or 
urinary bladder.    Notation is made 
at the beginning of the film that 
principles of nursing care are 
universal and that techniques may 
vary.   However, techniques are 
developed and receive the major 
emphasis in the film.    Diagrams of 
normal and altered anatomy, and 
then, demonstrations in actual patient 
situations are used to illustrate nursing 
care involved in each of the factors. 
This film is recommended for showing 
to nurses, nursing students, practical 
nurses, and occupational therapists. 

Chronic Bronchitis and Pulmonary 
Emphysema.    The Application of 
Physical Medicine and Rehabilitation: 
Part 1.    (29 min.,  sd.,  c.,  16 mm, 
MP,  1965,  USPHS in cooperation with 
the Institute of Physical Medicine and 
Rehabilitation, NYU, USA).    Reviews 
the physiology and pathology of chronic 
bronchitis and pulmonary emphysema. 
Describes and demonstrates equipment 
and diagnostic techniques used in the 
management of the patient. 
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Function: Patient Care 

Knowledge/Skills:    Special Nursing 
Techniques 

A V Training Aids 

20.    Prepare patient for aero- 
medical evacuation 

a. patient care 

b. prepare medical records, 
supplies, and equipment 
for air evacuation 

Chronic Bronchitis and Pulmonary 
Emphysema.    The Application of 
Physical Medicine and Rehabilitation: 
Part 1L    (24 min.,  sd.,  c.,  Hi mm, 
MP,  1964,  USPHS in cooperation with 
the Institute of Physical Medicine and 
Rehabilitation,  NYU Medical Center, 
USA).    Gives results fvom a study 
concerning treatment and rehabilitation 
of patients with chronic bronchitis and 
emphysema.    Discusses postural 
drainage, breathing exercises,  and 
usual clinical methods which can 
increase patient's tolerance to daily 
activities and permit him to return 
to vocational pursuits. 

Aeromedical Evacuation System (25 
min.,  sd., c,  16 mm,  MP,  1962, 
USAF).    Portrays mission of Aero- 
medical Evacuation System.    Depicts 
care used in preparing patients for 
air evacuation and outlines procedures 
for reporting them to military 
regulating agency.    Points out admin- 
istrative steps and professional re- 
quirements necessary to process 
patients and care for them in flight. 
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APPENDIX B 

■ 

ON-GOING PHYSIOLOGIC MONITORING APPLICATIONS 

The following table illustrates the on-going developments of practical 

monitoring systems.   The examples are not listed in order of importance or 

functional performance. 

Surgery and Anesthesia 

EKG Monitors 
Blood Pressure Monitor 
Blood Gas Monitor 
Respiratory and Anesthesia Gas Analyzers 
Temperature Monitor 
EEC Monitor 
Pain Threshold Monitor 
Blood Loss Monitor 

Cardiac Laboratory 

EKG Monitors 
Blood Pressure Monitor 
Cardiac Output Monitor 
Blood Gas Monitor 
Oxygen Uptake Monitor 
Respiratory Exchange Ratio Monitor 

Pulmonary Laboratory 

Blood Gas Monitor 
Respiratory Gas Monitor 
Respiratory Flow Rate and Volume Monitor 
Airway Resistance Monitor 
Lung and Thoracic Compliance Analyzer 

Coronary Care 

EKG Analyzer (Arrhythmia Monitor) 
Blood Pressure Monitor 
Blood Gas Monitor 
Cardiac Output Monitor 

B-l 
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Intensivf Care 

Arrhythmia Monitor j 
Blood Prcs3"ire Monitor and Pulse Analy/.er 
Blood Gas Monitor 
Hespiratory Gas  Monitor 1 
Temperature Monitor * 
Blood Volume Monitor 
Cardiac Output Monitor i 
Hespiratory Flow Rate and Volume 
Aii-way  Resistance Monitor 
Lung and Thoracic Compliance Monitor 
Respiratory Rate Monitor 
Blood Electrolyte Monitor 
Urine Flow Rate 
Work of Breathing Monitor 
Oxygen Uptake Monitor 
Respiratory Exchange Ratio Monitor 

' 
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APPENDIX C 

TERMS AND DmxiTlONS 
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1. BLHCfl 

2. CAI 

:{.  CCTV 

4. COM 

5. CONUS 

(5.    C PU 

7. CRT 

8. CSSD 

9. DAIRS 

10. DDD 

11. DNA 

12. DNA 

13. DOS 

14. ECG 

15. EKG 

16. HEW 

17. HVAC 

18. ID 

19. I/O 

20. ICU 

21. IV 

22. LSI 

23. MBM 

24. MISP 

25. OB-GYN 

26. OCR 

27. OS 

28. R&D 

Base Level Health Care System 

Computer Assisted [ostructfon 

Closed Circuit   Television 

Computer Outplll MicrofUm 

Continental United States 

Central Processing Unit 

Cathode Kay Tubes 

Central Sterile Supply Department 

Dial Access Information Retrieval Systems 

Direct Distance Dial 

Desoxyri bonucleic acid 

Diversilied Numeric Applications 

Disc Operating System 

Electrocardiogram 

Electrocardiogram 

Health, Education, and Wellare 

Heating, Ventilation, and Air Conditioning 

Identification 

Input/Output 

Intensive Care Unit 

Intravenous 

Large Scale Integration 

McKee - Berger - Mansueto 

Medical Information System Processor 

Obstetrics-Gynecology 

Optical Character Readers 

Operating System 

Research and Development 
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TERMS AND DEFINITIONB (cont'd). 

j'.t.   REAC'i Ht-al-'i'iine Electroaio Accetii Communi- 
rations lor Mospitals 

MK RTKL Ro^tTS. Taliatcrro, Kostritsky, and l-atnlj 

ai. BOA Stau- of the Art 

X2. THIS Total 'tospital Inlormation System 

SS. VA Veteran'■ Admlniitratlon 
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