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VOLUNTEER MEDICAL ENGINEERS CAN AID PHYSICIANS AND
HOSPITALS IN TELEMETRY PURCHASES AND TESTS

K. R. JACKMAN
‘ACTION’and ‘SCORE’ Volunteer
Biomedical Engineering Consultant
San Diego and La Jolla, California.

Summary.    Inasmuch as this ‘ITC/USA/’74’ paper may be on a unique subject in the
medical field, an attempt will be made to cover, with references and bibliography,
sufficient background to identify some serious hospital and medical problems, with
possible technical solutions. Most of these solutions involve the use of trained and
experienced Medical (or Clinical) Engineers and Biomedical Equipment Technicians
(BMET) in hospitals, clinics, and equipment servicing laboratories. The use of volunteer
‘Med. Engrs’, as a public-service of the ACTION groups in each city, will be proposed to
solve the local hospital needs for technical performance specifications in purchasing ‘vital’
medical instruments, such as the ‘ECG’ telemetry systems common to local hospitals.
Even greater need for low-cost medical-care exists in many ‘developing’ countries, such as
India. The writer makes a plea, using Med. Engrs. methods developed and successfully
used in Los Angeles in the last three-years, to bring graduate (medically-oriented and
trained) engineers, seeking employment into hospitals in their own towns. A ‘pilot’
program will be reviewed, using ‘ACTION’ professional volunteers in San Diego
hospitals, to set an example for ‘Med.Engrs’ retrained in Madras, India, to enter their local
hospitals, and thereby select techniques for use in other Indian cities.

A ‘1970 Editorial’ Plea For ‘Retired’ Volunteers In Clinics

It is a coincidence that ‘ITC/’74’ should ask for this discussion,-- since four-years ago
‘IFT’ requested this writer to permit republication of a ‘Guest Editorial’ “Biomedical
Engineering in the ‘70’s’ This was published in the Feb/Mar. issue of the 1971-‘Telemetry
Journal’. This ‘Editorial’ said in part--- “What will accelerate the flow of technical
knowledge and test equipment from the aerospace industry through the medical profession
to the patient? First, communication between surgeon and engineer so that problems are
discussed in simple medical terms and a solution proposed in non-technical language. “---”
A fourth practical suggestion might advance biomedical engineering technology very
rapidly. I know of many trained engineers, like myself, who have retired from the
aerospace industry, after a lifetime of valuable training, who could contribute their spare
time and experience ‘gratis’ to doctors, surgeons, and hospitals in their vicinity. “---” What
better use of one’s retired leisure is there than to make a contribution to reduce human



suffering and health-care costs, and incidentally to stay young and enthusiastic as a result
of such volunteered efforts?”----.

This challenge was thrown to industry and to technical societies, like IFT, AIAA, IES,
IEEE, and others, over four-years ago! What has happened in the cooperation between
technology and medical science in the interim? This paper will attempt to show some areas
of progress and also will suggest innovative methods of using ‘Medical Engineers’,
‘BMETs’, and retired ‘ACTION’ professionals in local hospitals, clinics and service
laboratories.

Should We Be Concerned About Our Medical Care?   Hospitals in the United States
find themselves in the difficult and uncomfortable position of needing technologically
advanced clinical equipment to practice modern medicine, yet lacking adequate technical
support services for this equipment. “Medical technology has run ahead of the logistics
system needed to support and sustain this technology”, according to Dr. Malcolm
Ridgeway, PhD, Executive Director, Biomedical Engineering program, of the Hospital
Council of Southern California, now organizing a grant expenditure of over $650,000. in a
‘shared-service’ program.

“After a lengthy period of nation-wide discussions in 1973 through special symposia,
committees and special task forces, a concensus has been reached that the nature and level
of the engineering support available to the staff of the average hospital is far from
optimum,”- according to Michael J. Eberhard, Director, Planning and Development,
Hospital Council of Southern California. In fact, this growing awareness and concern of
the relationship between ‘vital’ medical equipment safety and such equipment maintenance
is reflected, in these United States, in recent changes in the ‘Manual For Hospitals’
published by the ‘Joint Commission on Accreditation of Hospitals’. These revisions draw
attention to the importance of adequate vital medical equipment maintenance and
competent engineering guidance.

Possible Solutions Of Some Medical Problems in So. Calif.   The Los Angeles County
medical/technical communications will be tackled in a three-year effort in biomedical
engineering ‘Shared-services’, launched in February of this year in Southern California,
through a W. K. Kellogg Foundation grant, the first of its kind in the Western United
States. This formal announcement of the ‘Hospital Council of So. Calif.’, through the
February 1974 issue of the ‘Hospital Forum’, in a serious attempt to establish better ties
with medical instrument manufacturers is encouraging. The efforts for more complete
factory training, detailed testing of prototype medical equipment required for ‘life-support;
itemized ‘spare-parts’ inventory and maintenance,-- only underlines the tragic condition of
medical instruments in many of the Amerigan hospitals. This writer has emphasized the
serious nature of this problem of patient care and costs in hospitals, in many articles and



lectures over the past five-years, and presently is volunteering his technical services in the
San Diego County area, in the volunteer-agencies of ‘ACTION’ and ‘SCORE’. It is from
these pools of retired professional men, where each man has a lifetime of training and
experience in specific industries and wishes to contribute several hours or days each week
in neighborhood projects, that this writer plans to select a nucleus of medically-oriented
engineers and business men to review, study, and become personally-involved in local
clinics and hospitals. The trained man-power is here, waiting to be hospital-oriented in the
problem areas, and available ‘FREE’.

This paper will review some of the observations made by the author with references from
his recent papers (Fig.1),on vital medical instrumentation needs in Southern California.
This is done with the hope that such communications will encourage more biomedical
activities in the hospitals in this country, and in some of the ‘developing nations’, such as
this author’s country of birth--India. In this nation, and in others less-developed in medical
technology and instrumentation, several common problems exist:- (1) obvious safety
hazards arise from inadequate medical equipment support; (2) the medical and nursing
staffs receive inadequate training in the operation of new instruments and devices; (3)
members of the medical and administrative staffs, who unfortunately are largely
responsible for selecting and purchasing the ‘vital’ instruments for ‘OR’, ‘ICU’, ‘CCU’,
and even the pathology laboratory, struggle with unfamiliar performance specifications; (4)
hospital personnel (including physicians and surgeons) many times select and purchase
medical equipment on emotional, rather than on rational factors; and (5) the new
instruments and devices are ‘out-of-service’ too frequently and for unreasonably long
periods of time.

What Are Some of the ‘Vital’ Medical Instrument Problems?    “The Hospital
Forum”, a management journal for hospitals in the Western United States, in their
February 1974 issue, lists some of the common medical equipment weaknessness in
hospitals:

(1)  Some hospitals have no choice but to purchase duplicate medical equipment to insure
adequate backup in the event of equipment failure,
(2)  After-sales ‘Service’ on medical instruments from manufacturers and suppliers is often
poor, inconvenient, or unreasonably expensive,
(3)  Local ‘Service’ contractors and consultants tend to be expensive, difficult to locate,
and sometimes of marginal competence and experience,
(4)  Medical equipment is often poorly designed for clinic or hospital environments, often
is difficult to operate, and is always cumbersome (if not impossible) to interconnectwith
equipment from other manufacturers,
(5) Selecting and purchasing medical instruments is needlessly complicated and ‘full-of-
traps’ for all but those with the equivalent of an engineering degree,



(6) Training in the use and care of ‘vital’ medical equipment is either unavailable,
fragmented, unrelated to hospital clinical problems, or of marginal quality.

Should readers, with specific telemeter interests, wonder why this author is apparently
deviateing from the subject of this ‘ITC/USA/’74’ conference, to talk about medical
equipment in general, it should be noted that the above-mentioned instruments could just
as well be monitoring equipment for telemetering ‘ECG’ vital signals to a remote nursing
station.

Medical equipment manufacturers, when questioned on the inadequacy of their product,
for one or more of the above reasons, voiced a set of legitimate complaints of their own,--
which hospital purchasing agents and medical staffs should consider, evaluate, and
possibly correct:-

(1)  There is poor appreciation by the medical customer of the costs involved in ‘custom-
tailoring’ equipment to individual surgeon’s requirements, Preventing cost reductions by
using ‘shelf-type’ instruments, .

(2)  high costs and poor relationships result from ‘unnecessary’ complaints and service-
calls caused by the hospital staff’s failure to read , understand, or follow the written
instructions.

It is therefore inevitable that medical science will advance rapidly, and that the increased
sophistication in the medical ‘arts’ and technology will introduce new and more
complicated clinical instruments and related health devices, in which the safe, efficient,
and economical operation requires new patterns of support.

But does this support exist in this year 1974? And how may ‘retired’ engineers, scientists,
lawyers, and men with knowledge of business practices and ‘purchasing’ help the staffs in
local hospitals?

Possible Solutions of Medical Instrument ’Bottle-necks’ in Purchasing and Test.   In
three-years, the Hospital Education Foundation of the Hospital Council of Southern
California, as a result of the W. K. Kellogg Foundation grant of over 650,000. dollars, has
promises of answering some of the hospital problem-areas, and reduce patient-care costs.

However, the spiralling costs of medical equipment procurement, calibration, maintenance,
and repair must start to be reduced today, or at least in 1974. One point of immediate need
appears to exist in the medical instrument procurement area, at least in most of the local
hospitals visited. The Purchasing Agents and Chief Engineers of some of these gov’t
operated and commercial institutions have requested aid from local aerospace companies,



through this writer and experienced purchasing groups, for methods of assuring better
electronic medical instruments during procurement, and throughout their life-span. A plan
has been formulated in San Diego County, using the access of ‘SCORE’ and ‘ACTION’
agencies to retired but active professional men, to place one such technical volunteer in
each local hospital requesting instrument procurement aid. The prospects of tapping the
expertise of many men for medical counselling, several days each week, are encouraging
and exciting, at no cost to the hospitals. There should be just as ,many ‘volunteer’ jobs
available in local hospitals, clinics, and in equipment ‘Service’ laboratories for these
professional experts, with a life-time of education and experience, as there have been for
‘Pink Ladies’, ‘Candy-Stripers’, and ‘Red Cross’ volunteers. The professional men, from
‘ACTION’, need only to be asked to serve, organized into a Hospital Task Force, and
exposed to the medico/technical problems, with full hospital-management cooperation, to
show a sizeable cost reduction in 1974. Here is an untapped source of free labor,
expertise, and proven workers suggested by this author in the 1970 ‘Guest Editorial’ for
AIAA and IFT previously mentioned.

Lessions learned in Purchasing Aerospace Vital Instruments.   Some suggested
avenues of approach in the initial purchase of vital, life-preserving medical equipment have
been reviewed by this writer with local hospital purchasing agents with encouraging
results. A rough-draft of this paper was reviewed by concerned personnel in several local
hospitals and with medical instrument agents, specific to their immediate needs, and it
appears that ‘ACTION’- volunteers, using the following simple guide-lines, can fill a real
need in local agencies.

Several basic suggestions, many very simple and obvious, were recently printed in the
December 1973 issue of the AAMI “Clinical Engineering Newsletter” on the application
of technology to hospital patient-care. Highlights of this article “Seven Basic Tips For
Buying Medical Equipment”, will be reviewed for those without access to the AAMI-
document, and with the purchase of a ‘telemetry system’. such as available in ‘ECG’
patient-monitoring in many hospitals, used as an example.

(1)  Don’t necessarily buy the cheapest equipment/system.

(It may be the most expensive to operate.) Consider what it will cost to purchase the item,
operate it, and maintain or repair it. Assign a cost to ‘down-time’ for repair, as well as to
actual direct repair cost, if possible. If the telemeter transmitter used in sending a patient’s
‘ECG’ by radio waves to a remote-monitoring center at a nursing station fails to function,
or is out-of-calibration, the results may be serious. The display of the ‘ECG’ waveform or
heart-rate, to detect and analyze cardiac arrhythmias ( or defective patterns) and display an
alarm or inoperative condition, will result in a false ‘vital’ sign, with possible injury to,or
death of a patient.



(2)  Approach the first production unit with caution.

Someone has to buy the first unit, but it doesn’t have to be you! There may be a lack of
field tests, or inadequate ‘clinical exposure’, that actually may make this first or second
unit less desirable than a later model. In some cases, it has taken 6 to 12-months to obtain
reliable units, in going from the prototype stages (after the first 5 or 10 hand-assembled
units) to fullscale production, where runs of 25 or 50-units come off the line. This attitude
to ‘wait, watch others, and carefully review results’ is specially valuable in clinic or
hospital purchases of expensive medical installations.

‘Informed caution’ is very desirable in acquiring a telemetry system to be used with patient
‘ECG’ monitoring equipment. Unless the cardiology section of the hospital knowingly
wishes to be a part of the ‘Tlm’ research and develoment of a prototype instrument, during
clinical evaluation,--with probable long intervals of repair and dissembly, possible redesign
and reinstallation, and loss of time in equipment-use, it is probably safer, and much less
costly and nerve-wracking, to wait for the 5th or 10th production unit, and gain the full-
knowledge of the ‘ECG’ Tlm experiences with earlier models in other hospitals.

(3) Seek the opinions of other instrument users.

Doctors and surgeons frequently seek opinions from their colleagues in critical medical
situations. Do the same with the ‘ECG’ telemeter system you purchase. Start out by
knowing what your detailed technical requirements are for your specific ‘CCU’, with
inputs from all of the operating staff. Establish a performance specification, with a well-
defined acceptance-test outline.

Try to have the ‘Purchase Order’ reflect the ‘ECG’-Tlm needs as outlined by the
responsible cardiologist and by the hospital chief engineer (or medical/clinical engineer, if
one is available.) Then, ask for the opinion of other hospitals, doctors, or medical
engineers who use equipment that most nearly meets this specification. Find out what their
operating experience has been. Has their equipment lived up to the manufacturer’s
promises and to the hospital’s requirements? Visit an institution where a similar
‘EGG/Tlm’ monitoring system is in operation, ask questions on how it functions, and
whether it maintains its calibration, or is self-calibrating.

Upon a decision of the make, model number, and with firm instrument specifications in-
hand, place the equipment out for multiple-bid. Now is the time to let it be known to all
bidders, that you would welcome the loan of a similar ‘ECG/Tlm’ system for 2 to 4 weeks,
in your hospital, so that you can get your own practical experience. You may also wish to
consider having the system evaluated by an outside concern. There are several reliable
firms who provide this type of evaluation service.



(4)  Check equipment upon delivery.

It is reported that upwards of 40% of vital instruments are defective upon arrival, and
require the services of a company technician to correct the malfunction. The failure to
operate, upon arrival and unpacking, may have been due to inadequate packing techniques,
thus presenting the instrument to excessive shock or vibration from the shipping
environments. In some instances, inoperation upon arrival may be due to the lack of
adequate quality control (QC) during manufacture, or inadequate final tests just prior to
packing.

Be careful to notify the manufacturer’s representative of damage and inoperation, and have
the instrument repaired and calibrated, to specifications, prior to hospital use and contract
settlement. It may take months to obtain satisfactory repairs, if you have paid the bill.
However, as the ‘AAMI’-“Clinical Engineering Newsletter” cautions, if the salesman has
not received his commission and the bill remains unpaid, you can be assurred that you will
receive an operating ‘ECG’/Tlm monitor and auxiliary system in satisfactory condition
much faster.

(5)  Require a performance and safety check as a condition of sale. 

This should be clearly stated in the specification. Be sure the ‘ECG’ telemetry system
works for the responsible nurses. Do not establish that the instrument or system is unsafe
or inadequate after the equipment is installed and about to be used. Whether the problem is
large or small, request the seller to rectify it prior to acceptance.

Final checks to the specifications should be made in the cardiology section where it will be
used on patients, to determine if any electrical interferance exists that will negate or add
background ‘noise’ to the oscilloscopic records. This may be done by hospital nurses, in
training for the equipment use, or through the use of a third-party, impartial service.

(6)  Service Training.   One of the biggest problems in obtaining the proper expected
results from ‘vital’ equipment, like patient-‘ECG’/Tlm control, is adequate training of the
nursing and technician staff using the system. It is reported that 80-90% of equipment
malfunctions are ‘cockpit-errors’,-that is that they are caused by operator ignorance or
error. This is particularly important in areas where this ‘ECG’/Tlm system must be
operated by many people, on several shifts. This training, provided by the manufacturer’s
representatives, should cover all shifts, and should encompass several days time to be able
to reasonably cover all of the personnel working full-and part-time in the hospital. With
instruments used in the determination of ‘vital signs’, such as the ‘ECG’/Tlm installation
used as our example, the contract should cover the provision of ‘refresher-training’
instruction after the system has been for a short time. This second review will insure that



the operators will understand the various aspects of its operation much better, and permit
questions. Such training also must include equipment maintenance people.

(7)  Insist on self-service manuals, with clear circuit and block diagrams.

The purchase specifications of all ‘vital’ medical equipment should specify a duplicate set
of operating and maintenance manuals, delivered with the equipment. Withhold final-
payment until satisfactory documentation has been delivered and checked by trial-runs.

(8)  If you can’t maintain the instrument, don’t purchase it. 

Remember, this new-type of electronic medical equipment is complicated, and will not
operate forever without a certain amount of maintenance. This is unquestionably true with
delicate and calibrated ‘ECG’/Tlm systems. A regular scheduled preventive maintenance
(PM) program should be contemplated before the equipment is purchased, and a regular
‘PM’ schedule should be implemented when it is received.

Why Worry Hospital Purchasing Agents with Instrument Problems?

This writer’s experience in clinical exposure to modern hospital instruments, especially
with the advent of the new, exotic types of electronic, pneumatic, and hydraulic equipment
now reaching hospital acute areas, indicates that prime concern rests with the Purchasing
Agent and Chief Engineer. The hospital administration and the medical/ surgical staffs
shed any responsibilities and/or questions regarding ‘vital’ instruments and systems to their
P.A. and C.E., and hearing no feed-back of problems or instrument failures in ‘OR’,
‘ICU’, ‘EE’, or in the Pathology Laboratory naturally assume these acute hospital services
to be quiet and ordered. Such may not be the case, since many Purchasing Agents in local
institutions in which administrators claimed ‘all-to-be-well’ are harrassed by lack of
cooperation from instrument-salesmen, in that their home-offices will not provide service-
manuals, a list of necessary spare-parts, electrical circuit- diagrams, and even sell spare-
parts for their instrument repair. In many cases this lack of communication within the
hospital is due to the fear-of workers for their positions.

These two individuals, the C.E. and the P.A.,and their helpers, have a heavy responsibility
to the hospital and to each affected patient, in procuring the best equipment, with the
longest operating life, easily operated and repaired, and at the lowest cost. They must also
face the future by providing ‘PM’ Plans, either ‘in-house’, from the manufacturer, or
through a local service agency which can provide 24hours/day maintenance service for
7days/week at reasonable cost.



The joint-responsibilities of the C.E. and the P.A. may be summarized as follows:-

(1)  Specifying the instrument or equipment needs.
(2)  Surveying the commercial market to fulfill that need economically.
(3)   Purchasing the needed product to a tight specification.
(4)  Thoroughly test, to Specifification, the purchased item upon delivery, and withhold
payment until errors have been corrected and the item retested.
(5)  Insure satisfactory operation of the equipment to the user, by adequate introduction,
maintenance, calibration, and repair programs.
(6)  Educating the equipment user in maximum performance, by training and Preventive
maintenance(PM) programs.

Specific Proposals To Tighten-Up Hospital Equipment Purchases.

To the best of the author’s knowledge, local hospitals--both commercial and government-
funded ( such as the VA and the Navy hospitals in San Diego)purchase ‘vital’ medical
equipment with far-less performance specifications and designated acceptance tests than
are used in the aerospace industry in buying ‘gyros’ and ‘autopilots’, also necessary in
preserving human lives in aeroplanes.

Too often the Purchasing Agent is requested to write an order, based on the surgeon’s
sketchy outline of needs and the hardware representative’s sales-brochure, and this
product upon arrival is applied too rapidly to acute-patient diagnosis, without adequate
acceptance tests.

It is proposed that:-

(1)  Professionals, such as surgeons and doctors, should not be permitted to interview
equipment salesmen for ‘vital’ medical instrument procurement, without a member of
‘Purchasing’ or ‘Engineering’ being present. Competitors selling similar types of medical
instruments should also be interviewed, and the best equipment determined, on technical
grounds only, leaving out emotional involvement, low price, salesmen’s charisma and
promises, etc. The hospital Chief Engineer’, or his delegated technical alternate, should
review and countersign all ‘Vital’medical equipment Purchase Orders which may affect
facilities, utilities, and safety in the hospital.

(2)  A Purchasing Agent shall not be required to translate or interpret the surgeon’s
medical needs in Vital’ instruments into a Purchase Order without the technical aid
indicated in (1) above.



(3)  Inasmuch as most hospital engineers and technical staffs are usually over-loaded with
critical and urgent technical problems in everyday hospital operation, it is advisable that
the hospital provide trained and experienced technical help to develop and write the
necessary performance specifications for the Purchase Order. This technical aid may be
assigned to Purchasing, Engineering, or may be an outside paid-consultant or ‘ACTION’-
volunteer. Again, as in (1) above, the hospital Chief Engineer shall approve and sign these
technical requirements as being comparable with the hospital’s present facilities and
utilities.

(4)  There shall be no major changes to, or substitute equipment for the outlined and
approved bid equipment made by the seller, after the approval of the Purchase Order,
without notification in writing to, and with the approval by the purchaser.

(5)  The technical aid to Purchasing, in preparing the equipment performance
specifications, with itemized receiving tests and warranties, shall be involved in the
specific hospital medical needs from the initiation of the need, through the acceptance of
bid or bids, and through the acceptance tests upon equipment delivery.

A typical warranty, borrowed from “Standard Commercial Purchase Order Terms and
Conditions” from a local aerospace company, might read as follows:-

11. Warranty: Seller warrants that all articles furnished hereunder will be
merchantable, free from defect in material and workmanship, and will
conform to appliable specifications, drawings or descriptions. If Seller is
responsible for design of the articles according to performance specifications
established by Buyer, Seller warrants that the articles will be fit and sufficient
for the purposes intended by Buyer. Buyer’s approval of designs furnished by
Seller shall not relieve Seller of its obligations under this warranty. The
warranties of Seller, together with its service guarantees, shall run to Buyer
and/or its customers.

It should not be assumed, from the above suggestions for tightened controls in
procurement of ‘vital’ medical equipment in hospitals and clinics, that this is an unknown
area for cost-savings and safety in medical administration. The purchasing problems are
known, but ‘system-engineering’ has not yet been fully-tried. John H. Holmgren, Ass’t
Admin. at St. Joseph’s Hospital and Rehabilitation Center, Wichita, Kan. has been even
more specific in his article -- “If You Ask For Bids, You Must Offer Specifications,” in the
January 1973 issue of “Modern Hospital”. He lists eight basic rules for preparing a
purchase specification taken from Aljian’s “Purchasing Handbook.” These simple and
obvious steps are probably known by most Purchasing Agents and Engineers, but a quick
reference to Holmgren’s article may save time, money and worry.



Better Communications On Medical/Technical Ideas Necessary.

Since this paper may be the only presentation involving the technology of telemetry as
applied to the medical field to be given at the Los Angeles ‘ITC/USA/74’ conference, and
since the majority of telemetering engineers and readers of this paper are undoubtedly
unfamiliar with this new science of ‘Biomedical Engineering’, this writer wishes to
reference various pertinent subjects from some of his 1973 publications in Fig1, on the
many problems in medical/technical communications.

Several recent articles within the Dast two-years have had an immediate impact on this
writer, and on many medical men. These source materials, which should interest physician
and scientist alike, are listed in this text for emphasis:-

(1) “What’s a Clinical Engineer?”- JAHA “Hospitals”, of February 1, 1973.

(2)  “When Will a Biomedical Engineer Join Your ‘OR’ Team?” Medical Surgical
Review” of April-May, 1972

(3) The Role of the Bio-engineer.” -by P. Kantrowitz and Dr. P. Y. Ertel, MD., -
“Instrumentation Technology”, of July 1973.

(4)  “Consumerism and the Makers of Medical Electronics Collide,” - “Electronics
Design” of March 1, 1973.

(5) “Maintenance of Biomedical Equipment, “ - JAHA, Hospitals,” - of June 1, 1971.

(6) “Defects in Medical Electronics Draw Heavy Fire from Hospitals”,-“Electronic Design
of October 28, 1971.

(7) “Equipment Maintenance: How to Tell Whether You Need an In-house Staff, an
Outside Contractor, or Both”, -by Roger H. Drue, in Modern Hospital”, of December
1973.

(8)  “What to Do When the Equipment Warranty Runs Out,” by Michael O. Brinkman, in
“Modern Hospital”, December 1973.

Two challenging articles (7 & 8 above) were written about instrument control in the
Memorial Hospital Medical Ctr, Long Beach, Calif. The actual experiences and clinical
exposure of ‘vital’ medical instruments and auxiliary equipment in the Long Beach
Memorial Hospital is clearly described by Roger Drue, Ass’t Admin., and by Michael
Brinkman, Consultant (Wisc) Their solutions of their instrument problems, starting with



tightly-controlled procurement specifications,  progressed in calibration in hospital-use, to
long-range plans for ‘PM’ on all essential instruments. Here is a ‘model’ hospital exposure
and remedies to widespread instrument inaccuracies and failure which Southern California
hospitals and physicians can follow with interest, since the results apparently reduce
patient-costs, with a marked increase in safety and control.

The above-mentioned articles, together with many appearing monthly in medical and trade
literature, confirm this writer’s firm belief, supported by five-years of observation and
training in the clinical needs, problems and priorities in Southern California hospitals and
medical agencies, that the ‘Medical or Clinical Engineer’, with the support of trained and
certified ‘Biomedical Equipment Technicians’ (BMET’s) will meet the electrical,
mechanical, and metrology needs in the United States medical profession for years to
come, and will export this medical/technical knowledge and expertise to some of the
undeveloped nations like India and Bangladesh.

Maintenance of Biomedical Instruments and Equipment

Less than one-year ago the Veterans Administration established a nationwide biomedical
engineering program that has primary responsibility for technical support, direction, and
training at the 168 Veteran’s hospitals in the U.S. and Puerto Rico. This program provides
professional engineering assistance to physicians, surgeons, nurses, and all other personnel
providing direct patient-care.

This article on “Biomedical Engineering In V.A. Hospitals” can be found in the May-June,
1973 issue or the then-new ‘AAMI’ “Clinical Engineering Newsletter.” The ‘Association
For The Advancement Of Medical Instrumentation’ (AAMI) went on to say--“ The VA
Hospital program consists of three major elements, according to David A. Simmons, Chief,
Biomedical Engineering, Veterans Administration, Washington, D.C. First,--engineering
support at each general medical and surgical hospital will consist of an experienced
graduate engineer, preferably with an M.S. degree in biomedical or medical engineering,
or with special training in this area. Assisting this ‘Medical Engineer’ will be certified
‘BMETs’ and medical equipment repairmen (MER ). The number of BMETs and MERs
depend on hospital size. In larger hospitals, there may be additional engineers. Smaller
hospitals may be served by an engineer from a larger nearby station.”

Second, preventive maintenance (PM), a major element of the VA program, may be
described by the following tasks developed by the Biomedical Engineer and implemented
by the BMETs and the MERs.

(l)  Develop guidelines for ‘PM’programs;



(2)  Educate hospital engineering personnel and assist in the establishment of ‘PM’
programs;
(3)  Prepare and issue ‘PM’ procedures for each category of clinical and research
instrumentation;
(4)  Establish calibration frequency guidelines based on field performance;
(5)  Develop and implement a field failure reporting system; and
(6)  perform continuous hospital audits to assure continued operation of the system.

The third element of the new VA program is education and training, comprised of a
complete range of training programs in the following areas; -

(1)  A BMET training program under the direction of Dr. James O. Wear, Chief, Central
Research Instrument Program ;
(2)  VA hospital internship and biomedical engineering development programs in
conjunction with university programs at the undergraduate and graduate level. Full-time
engineering training programs are to be utilized when an engineer enters the VA system;
(3)  Seminars in several areas of clinical specialization, such as the electrical safety
seminars currently being presented to medical, engineering, nursing and supply personnel;
(4)  Instrumentation seminars presented by manufacturers.

It is interesting to note that the man chosen to direct the BMET training program is the
same Dr. James O. Wear of the VA Central Research Instrument Facility, Little Rock,
Arkansas, who, in the June 1, 1971 issue of JAHA-“Hospitals”, teamed-up with Jerry
Wilkinson to present a fine a fine paper-- “Maintenance of Biomedical Equipment”. In
1970 a questionaire was sent to 104 hospitals in Arkansas to determine the types of
biomedical equipment available in the hospitals, the sources of maintenance services, the
types of maintenance records and costs, the education, experience and salary of
maintenance personnel, the availability of qualified personnel, and the extent of ‘PM’
programs.

The results of this 1970 Arkansas survey appear to parallel those in Southern California h
hospitals today. The author’s concluded:-

(1)  As more sophisticated medical equipment becomes available to small Arkansas
hospitals (51 to 100 beds), the problem of maintenance of biomedical equipment becomes
critical because they do not have the qualified personnel necessary to maintain it.
(2)  Only the large hospitals ( of 500 beds and over) have a need for full-time technicians,
who are qualified by education and experience to perform maintenance tasks.
(3)  The salary level in the small Arkansas hospitals does not attract properly trained or
experienced ‘BMETs’.



(4)  There is a serious lack of manpower to maintain the biomedical equipment that is
available. Some qualified technicians are available in Arkansas, but most hospitals do not
employ them. There do not appear to be any graduate engineers available who can
supervise and provide backup for these technicians.
(5)  Hospitals in Arkansas lack records on their maintenance costs ( as do some health
agencies in Los Angeles and San Diego Counties.)

One solution might have been for the Arkansas hospitals to form a cooperative
maintenance, on a state-wide or a regional basis ( as is proposed in the W. K. Kellogg-
funded program in the ‘Hospital Councilof Southern California’ mentioned above.) In this
manner, the hospitals could hire an experienced ‘Medical Engineer’ and sufficient
technicians (BMETs) to perform instrument and equipment maintenance tasks. This
Arkansas medical experience of Dr. Wear will undoubtedly color his training of ‘BMETs’
for the VA hospitals, at Little Rock, Arkansas.

Consumer-Testing Groups Vs. In-Hospital Medical Engineers.

Shortly after this writer retired from the aerospace industry, after over forty-years of test-
laboratory management activity in one company, and with several years as a technical
volunteer helping hospitals and medical clinics in Los Angeles and San Diego Counties, it
was obvious that the medical profession needs many of the time-& cost-saving technical
shortcuts developed in producing airplanes, missiles, and satellites over the last twenty-
years. But, how can physicians, surgeons, and medical institutions be made aware of these
cost-savers?

Many articles were written and distributed through monthly publications and in
professional meetings. Two of the many releases by this writer in the last three-years
(Fig.1) will be briefly reviewed for this audience, since the papers are pertinent to this
discussion and to the ‘ITC/USA/’74' technical conference assignment on “Medical
Sciences- Instrumentation for Developing Countries”.

In 1971, the writer was asked to contribute to the Computer Committee, ‘The Jerusalem
Conference On Information Technology’(JCIT), on August 18, 1971, in Jerusalem, Israel.
The subject of this J.C.I.T. was --“Computer Impact On Developing Countries”, The
invited Panel was asked to discuss the subject “Computer-Aided Medical Screening For
Developing Countries.” In this writer’s 36-page report to the Panel,–“Teams Of-Medical
Engineers And Physicians Will Aid Develuing Countries,” (now out-of print.), the
‘Introduction’ included–“ Other members on this panel are much more conversant with
‘computer hardware’ and its application to ‘medical screening’; in radiology, economy of
the administrative aspects of medical multi-phasic testing, and in biomedical
instrumentation on a world health basis. This author, after several years of close proximity



with doctors, hospitals, scientists and ‘unemployed engineers’ in Southern California,
believes that an important ‘Software’ contribution to the considerations of the ‘JCIT’ panel
might be neglected, if the possible teamwork and better communication between the
‘technical professionals’, now available from the distressed aerospace community, and the
‘medical professionals’ are not seriously discussed.”

Drawing again on the above 1971 paper, and using the ‘ECG/Telemetered Monitor’ in the
same terms as the ‘medical computer’ mentioned,-“ But for the computer,(or ‘ECG/Tlm’),
especially today’s third-generation developments now being applied to medicine and
hospitals, the limits are not so obvious. ‘Used in ignorance or stupidity.’, warns Dr Wm.
M Siebert in his “M.I.T.--New Technology And New ‘Medical Education”.–‘asked a
foolish question, it does not collapse, it goes merrily on to answer a fool according to his
folly. And the questioner, being a fool, will go on to act on the reply.’ Dr. Siebert has hit
upon a very vital truth that faces our hospitals in the ‘ORs’, ‘ICUs’, or ‘CCUs’ everyday,
–How much can the surgeon believe his ‘vital’ medical instruments? When were they last
cleaned, repaired, and recalibrated?

The subject of the pros-and-cons relative to ‘consumer-test groups , has been well covered
in the March 1, 1973 issue of “Electronic Design”,--“Consumerism And The Makers Of
Medical Electronics Collide.”  The Emergency Care Research Institute’ in Philadelphia,
Pa. is one such private technical group, who has taken on the formidable task of policing
the medical electronic industry. Calling itself a sort of ‘Consumers Union’ of medical
electronics, this small Institute is busily engaged in testing medical electronic instruments
and issuing monthly reports to clients. According to the 1973 ‘ED’, about 1200 hospitals
subscribe to its services-- at $265/year, including 655% of all U.S. hospitals with more
than 200 beds, or about 50% of the medical electronics market.

It is possible that a well-trained team of a ‘Medical Engineer’ and assisting ‘BMETs’ in a
given large hospital can do an equivalent task of maintaining safe, accurate equipment.
Certain it is that the presence of an experienced ‘M.E.’ on the medical operating ‘team’ in
a hospital, will stimulate new medico/technical breakthroughs. But, what can a ‘ME’do?

‘Medical Engineer’ -- Selection, Training, and Control.

This writer has published extensively on the use of well-trained ‘M.E.s’ and ‘BMETs’ in
Southern California hospitals, as noted in Fig.1, so-only excerpts will be repeated here.
The 1971 Israel paper, mentioned above, goes into sufficient detail to effectively use the
technical men in hospitals. However, since copies of the Israel J.C.I.T. Conference, on this
medical Panel, are no longer available, many facts relative to ‘M.E.s’ were presented at
the 19th Annual Technical Meeting of the ‘Institute of Environmental Sciences’, at the
Disneyland Hotel, Aneheim, California, on April 3, 1973. This 14-page paper--“Criteria



For The Engineer In The Medical Environment” is published in the I.E.S. “1973
Proceeings”. This writer covered this subject under such headings as:-

(1)  Definitions --‘Medical Engineer’ and his uses.
(2)  First use of unemployed ‘professionals’ in So. Calif. medical services.
(3)  Challenges for future ‘Medical Engineers’.
(4)  The ‘Medical Engineer’ and his Medical Instruments.
(5)  The ‘Medical Engineer’ and his Computer.
(6)  Cautions for ‘Medical Engineers’.
(7)  The ‘Medical Engineer’ Must Anticipate and Supply the Surgeon’s Needs.
(8)  Where does the ‘Medical Engineer’ Go from Here?
(9)  The ‘Medical Engineer Must Be Sensitive to Patient Safety.
(10)  Use of Intensive Training for ‘Medical Engineer.’
(11)  Educational Objectives of the ‘TUP-ME’ Program. (ME)
(12)  ‘Medical Engineer’-Trainee Selection Objectives.
(13)  Results of the 1972 ‘Medical Engineer’ Training Program.(TUP-ME)
(14)  Conclusions Derived from 1972 ‘TUP-ME’ Engineer Training.
(15)  Improved Communications Between ‘Medical Engineer’ and Doctors.
(16)  Long-Term Benefits of ‘Medical Engineers’ in the Health Industry.

And 56 references and bibliography,

Should the reader be interested in the So. Calif. experiences in training and using ‘Medical
Engineers’, it is suggested that the above I.E.S. “1973 Proceedings” be procured from the
I.E.S., 940 East Northwest Highway, Mt. Prospect, Ill.60056

The purpose of the 1972 Technology Utilization Project ‘TUPME’, reported above, which
started April 10th and ended Dec. 31, 1972, was to prepare professional engineers and
scientists unemployed from the aerospace and defence industries in Los Angeles County
for careers in the health sector of society. This unique program was designed to reorient
and employ former aerospace professionals in the medical engineering field by The
National Society of Professional Engineers (Washington, D. C.) and the Los Angeles
Valley College, Van Nuys, Calif. It is in response to technical needs associated with
preserving and/or improving the quality of technology in the medical industry through the
use of skilled and mature engineers and scientists.

This ‘TUP-ME’ Program, throughout which this writer served as ‘biomedical consultant’
to the program director and to ‘N.S.P.’, Washington. D.C.,consisted of:-

(1)  The development of an academic curriculum and facility to provide the necessary
adaptive training;



(2)  The selection of appropriate technicial professionals to participate in the transition; (16
‘prime’ candidates were chosen from the initial response of 2000 
(3)  The undertaking of an 8-week adaptive course at Los Angeles Valley College, Van
Nuys, Calif. ( Intensive lectures and instrument laboratory sessions covered 8hrs. per day
and 5 1/2 days/week.)
(4)  The commitment for and placement in permanent jobs of the course graduates. (As of
Nov. 30th the 16 participants successfully completed the adaptive training, and were
gainfully employed, after over 90 potential employers had been contacted, over 690
resumes distributed, and over 210 personal interviews had taken place.)

So it may be concluded, that this unique ‘TUP-ME’ program given in 8 intensive weeks of
training for the first time in Southern California, (or in the U.S.A.), offered an otherwise
unavailable opportunity to break down the major barrier(medical terminology) between the
hard-sciences engineer and the medical profession. Some added statistics may be of
interest:-

(1)  Most of the 16 ‘Medical Engineers’ were over 35 years of age, with an average age of
42.7 years. Six men were over 46years, with two men over 51years, and therefore
commercially unemployable in their former occupations.
(2)  The average years of prior work experience in industry was 17 years, with three men
with over 21 years experience.
(3)  The reemployed graduate ‘M.E.s’ went 67% into medical, 6% back into aerospace,
and the remaining 27% into other occupations, made possible by their biomedical training.
(4)  Although the graduate- ‘ME’ salaries were advised to be $12,000.-14,000./year to
start, to gain acceptance among hospital personnel, still, upon placement, four MEs got
between $16,000.-20,000., and one man started at $21,000.

At the time that the 16 MEs of the ‘TUP-ME’ program were reemployed, the medical
industry was facing a financial bind, yet it was being required to provide better quality and
safer health-delivery services. There was an expressed desire to ultimately add such man-
power to payrolls, and an expressed fear that such ‘Medical Engineers’ might not be
available in similar programs when the financial restraints are resolved.

A 39-page report on the ‘Medical Engineering Program of the Technology Utilization
Project’, (Contract #11-2-0525-000.) was sent by the National Society of Professional
Engineers, in December 1972, to the U.S. Department of Labor, Washington, DC. A copy
of this report may be procured from the N.S.P.E.,2029 ‘K’ Street Northwest, Washington,
D.C., 20006.

The above complete information on training, and clinical placement of this new breed of
‘Medical Engineers/has been presented at the ‘International Foundation For Telemetering’



to advise its membership of the many opportunities that do now, and will increasingly
exist, for telemetry technology in medicine and in hospitals. if telemetering engineers and
members of ‘SA’ will use ‘Medical Engineers’ and ‘BMETs’ to introduce their technology
and ideas into the medical profession.

How Can The ‘Medical Engineer’ Help Developing Countries?

Several years ago this writer made the acquaintance of a scientist in St Louis, Mo. This
Indian-national was then much interested in Biomedical Engineering, and in the benefits it
might bring to India. Several years later, a letter was received from this same scientist,
from the Indian Institute of Technolgy in Madras, India. But now he is the Associate
Professor of Biomedical Engineering and Applied Mechanics at  I.I.T. The letter was an
invitation for this writer to revisit the land of his birth, over a half-century since leaving
India as a boy, and contribute some of the American biomedical engineering expertise to
the I.I.T. in Madras. Such plans are being considered, possibly in the Fall of 1975, to
support as a Technical Volunteer, through the International Executive Service Corps,
Peace Corps (through a short, technical assignment) or one of the U.S.A. agencies.

But what can an American ‘Medical Engineer’, or ‘Biomedical Engineering Consultant’ do
in Madras, India in a 4-6 month period? What goals can be reached in such a short time? Is
this long trip, at considerable cost and family uprooting worthwhile? The author thinks that
much can be accomplished in only 4-6months, and for the following reasons:-

(1)  Early in 1972, the Biomedical Engineering Department, at the I.I.T., Madras, India,
was deep into Bioengineering instrumentation and control groups research, development,
and production programs. This Institute had, in 1972, the first and only active and full-
fledged Bioengineering program in India.
(2)  It has been determined by contacts with the Indian Consul-General, in San Francisco,
Calif., that underemployment of engineers and scientists in India is common, with frequent
trips to the U.S.A. and Europe for added education.
(3)  There appears to be little penetration by engineers and technology into local hospitals
and clinics, as ‘Medical Engineers’ or even as experienced ‘BMETs’ for sales or repair
purposes.
(4)  Judging by available medical trade-literature from India, one would be led to surmise
that the quality, advanced medical technology, and ‘PM’ of ‘Vital’ medical instruments in
the average Indian hospital may not come up to the standards currently being considered in
the U.S.A.1 and many not yet approved for use in our most advanced hospitals.



Tentative Proposal For Use Of .Medical Engineers’In India.

The hospitals in India, and in other developing countries, have one thing in common with
medical institutions in the U.S; the urgent need for trained and experienced personnel, and
more specifically, the use of professional, men volunteers with their expertise gained feom
their life-long dedication to a chosen career. Such experts are in every large city:- be it Los
Angeles; Madras, India; Karachi, Pakistan; Dacca, Bangladesh; and the writer’s home
town-- La Jolla, California. In each of these cities, as in every city on this earth, there
exists a group of men, retired at the magic age of  65years, with a lifetime of valuable
training and experience in their specialty, desiring ‘to be kept busy, in their neighborhoods,
for a few hours or days per week, as ‘volunteers’--just to serve their fellow-man. Why not
use this otherwise wasted manpower, in the local hospital, as ‘Technical Volunteers’ to
cut-down the spiralling cost of medical care and incidentally, to prolong the active life and
interestsw of the donor?

It is with the logic of the previous paragraph in mind, that the author sincerely believes that
major cities in the medically-deprived and under-developed nations, such as Madras, India,
can help their own economy, and their retired men, by calling for the voluntary aid of their
‘idle-professionals’ in their local hospitals and clinics.

Some leadership, of a temporary nature, may be needed to start this program of ‘Technical
Volunteers’,  from professional men in the neighborhoods, whether it be La Jolla, Calif. or
Madras. India. Using this Indian city as an example, the writer will try to present an
outline of what can be accomplished in 4-6 months, using an experienced biomedical
engineer ‘Volunteer’ from the U.S.A.

Volunteer ‘Medical Engineers’ Can Start Medico/Technical Talks.

Communications between the Engineer/Scientist, on the technical side, with the
Physician/Surgeon/Hospital Administrator, on the medical side, is necessary to build good
‘Public-Relations’ and mutual trust in this new ‘Medico/Technical Program in Madras. 
India. Surely there are some large hospitals with 500-800 beds) in the vicinity of the
‘Indian Institute Of Technology’, where the developing technical and bio-engineering
skills at I.I.T. may be used to solve technical and system-engineering problems within
these hospitals.

Assuming such problem areas in some Madras hospital exists, and that a desire also exists
on the part of both that group and the local I.I.T. administration to initiate closer ties and
communications, the time is then ripe to bring in an American Volunteer, by a specific
request to the American IESC or Peace Corps (Short-term) for a planning program. Once a
suitable ‘U.S.Volunteer’ has been chosen, and target dates of the Indian Visit determined,



much program-planning can be done by letter. Experiences developed in the Southern
California ‘Medical Engineer’ and hospital programs would be made available to the
Madras groups, without fees, as would also the services of the ‘U.S.Volunteer’ during the
planning phases in America.

This writer concludes with the hope that the ‘Medical Engineer’ of the future will be able
to setup demonstration areas in this country, and in ‘developing countries’ (such as
Madras, India.), where the value of better medico/technical interface can be proven
effective. A plea is also made, belatedly, for the community hospitals to welcome the
‘Technical Volunteer’.

Figure 1.
Recent Bibliography On ‘Medical Engineers’ and ‘Vital’ Services.

(All articles written by this author)

(1)  The Medical Engineer In San Diego Hospitals, May 4, 1973(5)
(2)  Preventive Maintenance Of Medical Equipment, May10, 1973(4)
(3)  Vital Needs In San Diego County Hospitals - This Year. June 15, ‘73
(4)  Breakfast-Conference Minutes, La Jolla, Calif., on subject Vital Needs In San Diego
County Hospitals-This Year. June 15, ‘73.
(5) Economy In Servicing of Vital Hospital Medical Equipment. 

a. Presented at Breakfast-Meeting, San Diego Community Health Action Group,
S.D.Ch. of Comm.-Oct-10, 1973.
b. Presented to Calif. Hospital Engineers Ass.-Jan.8,1974
c. Presented to Federal Purchasing Agents Ass’n of San Diego,-- February 13, 1974.
(Each paper-- 11pages)

(6)  The Future of Bio-En4ineering In Our Daily Lives. Presented at the ‘IES’Annual
Meeting, Anaheim,Ca.-APr.23, ‘69.
(7)  Criteria For The Engineer In The Medical Environment.(14p) Presented at the ‘IES’
Annual Meeting, Anaheim, Ca. -Apr. 3, 1973
(8)  Teams Of Medical Engineers And Physicians Will Aid Developing Countries.- at
J.C.I.T., Jerrusalem, Israel, -Aig/ 18,  1971.




