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FOREWORD

This report documents the experiences of a general community hospital
during the implementation and demonstration of a comprehensive hospital in-
formation system over a 4-year period. El Camino Hospital, working closely
with the system vendor (Technicon Medical Information Systems Corporation) and
the National Center for Health Services Research (NCHSR), not dnly achieved
new heights in the utilization of such systems, but provided the environment
for performing the most comprehensive evaluation of this type of technology to
date. Although Battelle Columbus Laboratories had the responsibility for
conducting the bulk of this evaluation under a separate contract with NCHSR,
El Camino Hospital performed an extensive cost impact study of the system as
documented in this report. The methodologies used in this study were inde-
pendently reviewed and validated by NCHSR comnsultants. A follow-up cost study
by Battelle currently is in progress. ~

0f equal importance are the sections of this report relating to the -~
actual system implementation and how the staff was trained and motivated to
use this revolutionary approach to hospital information communication and
processing. The literally thousands of changes made to the system during the
. course of this demonstration, changes which evolved a system usable by all of
the hospital persconnel including physicians, are a direct result of the
dedication and imagination of the El Camino Hospital staff.

The cooperative spirit which prevailed during the course of this demon-
stration and evaluation should serve as a model for future projects invelving
.complex and costly technology. As Senator Alan Cranston stated in the
Congressional Record (Vol. 121, No. 113, July 17, 1975), this project is

"...a good example of how private hospitals,
private physicians, and private industry can
contribute importantly to advancing our
ability to provide health care efficiently

at the lowest possible cost for all who
require it. "It also illustrates the useful
role of the Federal Government in support-

ing an objective and independent demonstra-
tion and evaluation for use by other hospitals
considering such technology."

National Center for Health Services
Research

Health Resources Administration

Department of Health, Education, and
Welfare

" [ preceding page blank
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1. INTRODUCTION

Background

In 1965, E1 Camino Hospital (ECH), a 464-bed general acute care facility
in Mountain View, California, began a collaboration with a nearby aerospace
firm, Lockheed Missiles and Space Company, to determine the potential of
applying information science and technology to the solution of some of the
acute problems facing the health care field. Initial examination revealed a
health care delivery system plagued with a growing mountain of paper work,
rising labor costs, and under-utilization of professional nursing skills.

Studies of major information-handling operations at El Camino Hospital
and at other hospitals were conducted by Lockheed to determine the feasibil-
ity, design characteristics, and potential benefits of a computerized infor-
mation-handling system. Based on the data gathered, in 1966 Lockheed embarked
upon a prototype design of a total hospital information system which would be
called "MIS" (Medical Information System). E1 Camino Hospital agreed to serve
as the pilot hospital for demonstration and evaluation of this promising
innovation.

Early design concentrated on the development of a hospital Business

" Office System (BOS), and by 1967 ECH had implemented a system encompassing
. Patient Billing/Accounts Receivable, Payroll, General Ledger, and Accounts

Payable. The next step was to perfect, operate, and finally implement the
clinical elements of a total hospital information system. Through the active
participation of hospital staff in the evolution of design needs, clinical

i fﬂeiements of the system began to reach fruition as requirements were drawn up

.. by system development specialists. During 1968, to give hospital staff
“direct interaction with the system, on-line display and printer terminals were
, \@,installed in the Doctors' Lounge and at one nursing station. By 1969, as

system development expanded, more terminals were installed in Admissions,
Laboratory, Radiology, EKG, Pharmacy, Food Service, and at an additional
nursing station. During this period (1969-1970}, a MIS Operations Committee
composed of hospital and medical staff functioned as an advisory panel to
provide guidelines for developments, while pilot parallel operations were
carried out at each of these stationms.

Beginning in 1970, members of the El Camino staff worked in conjunction
with representatives from nine other San Francisco Bay Area hospitals to
determine applicability in other hospitals and to offer suggestions for the
final system configuration. By mid-year, many of these suggestions had been
incorporated, and during April-June 1970, four physicians and the nursing
personnel on one nursing station (a medical unit) were trained for actual
prototype operation. :

Beginning in August of 1970 and continuing for one month, the four phy- -
sicians entered all orders for their patients' stay, and the nursing staff
operated each of the nursing portions of MIS (except the nursing notes) in
parallel with manual operation. At the same time, system performance was
reviewed and evaluated by the MIS Operations Committee. This examination
indicated that the design concepts appeared to be sound and that prototype,
operations functioned satisfactorily. '
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In April of 1970, Lockheed submitted a fixed-price proposal for the full
installation of MIS, thus initiating an extensive evaluation conducted by a
45-man evaluation team including the management engineering staff and members
of the hospital and physician staff. More than 18 man-months of effort were
devoted to this task with major emphasis placed upon prediction of the poten-
tial cost benefits associated with system use, the hospital system performance
characteristics, and system capabilities. The evaluators concluded that a
computerized hospital information system was conceptually and economically
feasible.

Following this evaluation of the Lockheed system, the hospital undertook
an extensive evaluation of other vendors offering similar hospital information
systems., Comparative analyses were performed by the hospital's management
engineering staff and included investigation of the following elements for
each system (where such data were provided by the vendor): (1) system philos-
ophy, (2) installations and progress, (3) input/output devices and hardware
configuration, (4) departments and functions covered, (5) system outputs, and
(6) cost per patient day. It was determined that the Lockheed MIS service
offered. the most comprehensive and potentially cost-effective hospital infor-
mation system available.

In the spring of 1971, El Camino Hospitdl and Lockheed entered into an
agreement to install MIS in the hospital. The agreement specified that imple~ ;
mentation costs would be borne by the vendor, and furthermore, because of the
developmental nature of the system, that payments by the hospital for service
would be made only as cost benefits were actually realized.

During the same period in the spring of 1971, Lockheed Missiles and Space:
Company entered into negotiation with the Technicon Corporation, a manufac-

turer of automated laboratory instruments located in Tarrytown, New York, for -i™

the acquisition by Technicon of the Lockheed-designed system, On May 28,
1971, Technicon concluded a purchase agreement with Lockheed for the Medical'
Information System, and for the skills of all project personnel who joined the
new Technicon subsidiary---Technicon Medical Information Systems Corporation.
This event effected no material change to the vendor-hospital contract.

Late in 1970, the Natiomal Center for Health Services Research and Devel-
opment issued a request for proposal for a comprehensive, in-depth study of a
real-time total hospital information system. Such a study, which had never
been done before, would require new methodolegy and would entail the evalua-
tion of a comprehensive working system, that is, a system which would be in
full-time use by the hospital as the major nonoral communication tool and
which would comprehend all the major functional elements of the modern hospi-
tal. Such a system would have not only the capability for handling patient
care data, but also would provide hospital management information.

In 1971, the MIS project gained national recognition when in competition’
with the most promising similar projects in the United States it was awarded a
l-year $373,000 contract by the National Center for Health Services Research
and Development to undertake this system demonstration and evaluation. The
original contract was subsequently extended both in amount to $1,211,000 and
in duration to December 1974. :
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To date, total investment in the development of the MIS system is esti-
mated by the vendor to be roughly 20 million dollars. In addition to HEW
reimbursed out-of-pocket costs for the demonstration, the hospital has con-
tributed significant nonreimbursed effort.

Project Objectives

The general project objectives are spelled out in the following quotatlon
from the initial contract documéntation, "Description and Scope of Work.'

A,

This contract seeks to demonstrate the feasibility and bene-
fits of a hospital communications system that has the capa-
bility of both hospital management and patient care manage-
ment. Tt is our intention to use for this demonstration a
hospital information system (HIS) that is either already
fully installed or ready to be installed. It is not our in-
tention to support major hardware or software development work.
It is recognized that since the advent of computer data pro-
cessing technology, a number of academic as well as commercial
organizations have developed and in some instances marketed
hospital information systems. Generally, these systems were
developed without full participation of potential user groups,
and consequently have fallen short of the mark in meeting

all the needs of hespitals in performing office management,
medical records maintenance, and patient care management.
While this contract is basically a demonstration and.evalua-
tion effort, it is understood that for the foregoing reasons

_certain developmental changes and innovations may have to be

introduced into the system in the course of this project.

Specifically, in performance of this contract the contractor .
shall: _

1. Provide a completely installed hospital information
system. This HIS must be used in routine service and
designed to handle the following functions: patient
records, bed census lists, drug files, employee records,
purchase order forms, and medical records. It should
also provide a means for ordering medications, nursing
services, and all other routine and special patient
services, and must controi access to the various records
and ordering routines to prevent unauthorized use.
Operating stations for the system should be located at
nursing stations and other controlled access locations
within the hospital. Specifically, the contractor must
provide a system with hardware and software already
developed that will service as many of the areas listed
below as possible but at least items 1 through 5:

©
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(1) Nursing Station
(2) Admitting Office
(3) Business COffice
(4) Automated Service

Clinical Laboratory
Pharmacy ‘
Physicians' Oxrders
Nurses' Notes

o oM

(5) Current Patient Medical Records '
(6) Outpatient Records
{(7) Epidemiology
(8) Chronic Disease Records
(8) Research Functions
(10) .Automated History
{(11) Continuing Education
(12) Patient Management

a. Diagnosis
b. Optimum Therapy
c. Planning

(13) Statistical Services
(14) Consulting Services

a. Emergency Information
b, Library
¢. Referral

(15) Patient Monitoring

{16) Emergency Services

(17) Program Planning and Budget
(18) Community Integration

Hospital staff must be prepared to utilize this systeém
as their sole method of operating; a parallel, manual
system should not be maintained,

Assure the full installation and operation of the system
within six (6) months of the date of contract. This
assurance must be supported by letters of commitment from
subcontractors, confirmed delivery schedules, etc.

With the approval of the NCHSRD Project Officer, a sub-
contract shall be let within thirty (30) days to an in-
dependent third party to contribute roughly three pro-
fessional man-years to assist the contractor in perform-
ing a thorough on-site evaluation of selected medical,
technological, organizational, and sociological factors
related to the introduction of the hospital information
system. In particular, the following hypotheses should
be tested:



The computer-based hospital information system:

a. induces significant changes in the procedures
and organization of hospital management and
patient care; ,

b, is acceptable to staff;

c, increases efficiency, where efficiency is
defined as cost per unit of output or the
utilization of resources;

" d. increases productivity, where productivity
is defined as the number of patients pro-
cessed per unit of time or the improvement
in quality of the outcome; and

e, is cost effective,

Project Organization and Responsibilities

Pursuant to the contractual requirement specifying assistance by an in-

. dependent third party in the evaluation of the system, the subcontractor team
< of Battelle Columbus Laboratories, Columbus, Chio and KMB Health Systems, Palo
Alto, California, was selected to conduct three of the four agreed-upon evalu-
ation perspectives. They would be respomnsible for ‘evaluating the impact of
the system from medical, technical, and organizational standpoints, Following
the initial evaluation phase and preparation by Battelle of an interim project
report, continued evaluation activities in the medical, technical, and organi-
Zational areas were conducted solely by Battelle. A separate report issued by
Battelle documents final findings in these areas.?

‘ Responsibility for evaluation of the economic impact of the system re-
‘mained with the hospital. To organize and direct this endeavor, the services
of a consultant, Donald D. Norwood, associated with the Infor-Med Corporation,
Palc Alte, California, a consulting firm specializing in health care informa-
tion system activities, were acquired by the hospital. John E. Gall, Jr.,

Director of the Management Engineering Department at E1 Camino Hospital,
served as Project Director,

The following Management Engineering Department staff members served as
the primary hospital implementation team: Margo Cook, R.N. (Nursing); John
Fleming (Nursing Cost Benefit Realization); and Rlchard Rydell and Charles
Olsen (Ancillary and Support areas).

Scope of Report

This report documents El Camino Hospital's experience in demonstrating
and evaluating a total hospital information system over the 3~-year pericd of
the contract awarded by the National Center for Health Services Research
covering the time period July 1971 to December 1974. Part of the subsequent
year was spent analyzing the cost and acceptance data collected during the
course of the contract preparatory to writing the final report. Consequently,
the date of this report is December 1975,



Hospital Description

El Camino Hespital is a 464-bed, 52-bassinet, nonprofit, tax-supported
(district), short-term, general community hospital serving patients under the
care of their own personal physicians. Opened in 1961, the hospital primarily
serves the suburban communities of Mountain View, Sunnyvale, Los Altos, Los
Altos Hills, and Cupertino, California and certain, unincorporated areas adja-
cent to these cities,

The client population is relatively young [1973 patient age distribution:
under 14 (12%), 14-64 (69%), 65 and over (19%)], of middle and upper-middle
income level. Nineteen percent of the patients qualify for Medicare or Medi-
Cal.

Patient days for 1974 totaled 123,089; there were 25,287 admissions in-

" cluding newborns in the same period. The average occupancy rate for 1974 was
66.3 percent (excluding newborns), and the average length of patient stay was
4.9 days for adults and children. For the year ending June 30, 1974, hospital
expenses totaled $18,000,000.

-Approximately 340 physicians practice almost exclusively at El Camino
Hospital, and an additional 173 enjoy courtesy medical staff membership. All
of the 19 specialties recognized by the American Medical Association, plus
many subspecialties, are represented on the medical staff. Interns or resi-
dents are not normally employed at ECH.

In 1974, total hospital staffing averaged 990 full-time equivalents ;
(FTE's), or 2.13 FTE's per bed. The nursing department represents the largest.

segment of employees with 409 FTE's. Of these, approximately 384 are involved: .-

in providing direct patient care. Sixty percent of the patient care was pro-
vided by registered nurses. ‘

Included in the present services of the hospital are acute cardiac and
intensive care, psychiatric facilities, kidney dialysis, and the latest in-
patient and outpatient ancillary services. Diagnostic, surgical, and nursing
facilities also are available for open-heart surgery patients. Area physi-
cians also call upon the hospital for such diagnostic procedures as heart
catheterization, electromyographic analyses of nerve function, blood gases,
radioactive isotope studies of various body organs, and radiation therapy.

Although the hospital is not associated with a medical school, it does
participate in several teaching programs for training of RN's, LVN's, radiol-
ogy technicians, inhalation therapists, and medical technologists. ‘



REFERENCES

Article I, Special Provisions, Contract No. HSM 110-71-128, June 23,
1971, Department of Health, Education, and Welfare, Public Health Ser-
vice, Health Services and Mental Health Administration, National Center
for Health Services Research and Development.

Barrett, J. P., Barnum, R. A., Gordon, B, B,, & Pesut, R. N. Evaluation
of the Implementation of a Medical Information System in a General Com-
munity Hospital. Final Report, December 19, 1975, Battelle Columbus
Laboratories, Contract HSM 110-73-331, Department of Health, Education,
and Welfare, Health Resources Administration, National Center for Health
Services Research. NTIS Publication No, 248340,



“

I
#
¥
I
/
i
<

T

e R A YA 2 T Y a\um\ N
Yy



| . ]
‘7 Preceding pags [mﬂam;@ 9

2. CONCLUSIONS AND RECOMMENDATIONS

This report presents the results of the demonstration and evaluation of
the Technicon Medical Information System (MIS) at E1l Camino Hospital. The
Technicon MIS is a dynamic, interactive computer information system which
substantially automates all clinical and administrative information handling.
MIS interfaces with the nurse, physician, clinical laboratory, pharmacy,
radiology, and other medical services. MIS also interfaces with the admin-
istrative functions of the hospital, such as adm1351ons, business office, and
medical records.

The hospital performed studies related to the economics of the Technicon
System, in terms of both quantified cost savings and the means used to realize
these savings. This report also documents the history of MIS implementation,
discusses patient care benefits and user acceptance, and describes a planned
extension of MIS on patient ‘care quality assurance.

The Battelle Columbus Laboratories evaluated the system from medical,
.technical, and organizational standpoints1 concurrent with the hospital's
‘economic evaluation. The independent verification of the cost effectiveness
of MIS is the subject of a current study by Battelle for HEW scheduled for

completion early in 1977. That study will contain Battelle's conclusions
regarding cost effectiveness of the system. NCHSR consultants including
Battelle have, however, reviewed and validated the cost-effectiveness meth-
. -0odology used by El Camino Hospital in this report.

This section presents El Camino Hospital's major conclusions and recom-
- mendations to HEW based on the findings of this demonstration and evaluation.

Conclusions

(1) Nursing Acceptance. Nursing acceptance of MIS, always high,
continued to improve with time and experience until July 1974,
. when 92 percent of the nurses favored the system. Nurses
‘perceived MIS as benefiting them in many ways, including a
major reduction in clerical tasks, greater availability of
patient data, improved legibility, and improved patient care
planning (see Section 4).

(2). Ancillary Department Acceptance. Admitting, Pharmacy, Radiol-
ogy, Laboratory, and other affected departments generally have
shown good acceptance of MIS. This approval is due primarily
to improved timeliness, completeness, accuracy, and availabil-

! ’ ity of information, and to reductionms in clerical work (see
Section 4).
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Physician Acceptance. Physicians have increasingly accepted
MIS until by August 1974, 61 percent of physicians who ex-
pressed a positive or negative opinion voted to retain and
extend the system. Actual acceptance is even higher, since
physicians who are major users of the hospital generally are
also major users of the system (see Section 4).

Cost Effectiveness. The Technicon System has proven to be
cost effective at El Camino Hospital; that is, cost savings
substantially exceed the system's cost. The net cost savings
after paying for the system's cost are conservatively esti-
mated to range from $3 to $5 per patient day. These favor-
able savings continue to increase with time (see Section 5).

Cost Savings. Labor savings account for about 95 percent of
the MIS cost savings, and nursing labor constitutes most of
the labor savings. Major cost containment also has been
demonstrated, both in terms of El Camino Hospital's cost
trends after the installation of MIS compared to the pre-MIS
petied, and in terms of comparisons to similar hospitals in
the surrounding area during the post- 1nstallat10n period
(see Section 5).

Analytical Methods. The foregoing favorable cost-effective-
ness conclusions are supported by three independent analyt-—
ical approaches. These approaches have been reviewed and
validated by HEW consultants (see Section 5).

Other Benefits. MIS provides a number of significant benefits
which have additional economic consequences (e.g., reduced
errors, improved timeliness, and enhanced avajlability of
medical information). Because these benefits are difficult to
quantify, they are excluded here. Hence, the favorable economic
conclusions are believed to be substantlally understated

(see Section 5 and the Battelle Report ).

Economic Benefits Realization. El Camino Hospital was success-
ful in translating time saved by MIS in nursing and ancillary
departments into staff reductions and/or staff increase avoid-
ance, and hence into reduced costs. The hospital's. Management
Engineering organization was instrumental in facilitating the
economic benefits realization (see Section 6).

Catalyst for Change. In addition to the cost savings and cost
containment described above, the introduction of MIS acted as a
change agent, or catalyst, to effect improvements that theoreti-
cally could have been, but in practice probably would not have
been implemented without MIS (see Sectiom 6).

Future Extensions. The hospital administration and the medical
and nursing staffs recognize the future potential of MIS for
further improvements in patient care and resource management
{see Section 7).
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Recommendations

In view of El1 Camino Hospital's highly successful experience with MIS,
certain recommendations seem warranted.

(1) Differentiating Between Cost Lowering and Cost Raising Technology.
In view of the general belief that sophisticated technology has
contributed importantly to hospital cost inflation, care should
be taken to clearly separate proven cost lowering techmology such
as MIS from cost raising technology in establishing governmental
planning guidelines, reimbursement criteria, incentive programs,
contrels, and so forth.

(2) Achieving Cost Effectiveness. Hospitals considering the in-
stallation of a comprehensive medical information system with
the expectation of achieving cost effectiveness should be pre-
pared to commit the necessary level of administrative and staff
support, including that of an adequate and competent Management
Engineering organization.

{3) Considerations In Selecting a Medical Information System. In-
stitutions intending to install a2 medical information system
should seriously consider a system that is comprehensive, inte-
grated, fully developed and tested, and user accepted. Such
an approach avoids the high cost of development, the trauma
associated with a drawn-out implementation period, and the high -
risk of failure.

i°7 (4) Attitude Toward Medical Information Systems. As the principal
beneficiary of hospital cost savings, Government should facili-
tate and encourage the installation of medical information sys-
tems which are designed for direct professional use, are compre-
hensive in scope, and for which cost benefits have been proven.
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3. MIS IMPLEMENTATION, VALIDATION, AND EXTENSION

Introduction

Before embarking on the subject of this section, an editorial note to the
reader is in order, In setting down the history of the MIS implementation and
demonstration experience at ECH, the authors initially sought to identify and
distinguish three distinct phases of the project:

(1) Implementation-~--getting the systém physically installed and oper-
ating, albeit perhaps not to the originally specified or intended performance
levels. ’

(2) Validation---perfecting the operational, but imperfect system to
arrive at a system configuration and performance levels which were satisfac-
tory to hospital staff and persomnnel.

(3) System Extension---modifying and further developing the system to
extend the capabilities of the system beyond the original design intentions.

One of the reasons for attempting to categorize activities in this manner
was to emphasize that the El Camino implementation experience did not repre-
sent a typical implementation experlence of a fully developed and tested:
system. Rather this section describes the birth pains of serving as the first
installation for a developmental system, that is, one which had never been
tested under operational conditions or operated successfully for some period
of time.

Although the authors generally were able to separate activities and
development work that represented 'system extensions,” it proved impossible to
classify many activities as representing either implementation or wvalidation,
since the process of implementing and perfecting the system was an iterative
one which extended over a period of three years. To illustrate this process,
a satisfactory Emergency Room (E.R.) subsystem configuration was mnot realized
until January 1974, more than two years after initial implementation began.
When the original E.R. subsystem proved to be unacceptable, certain temporary
measures were implemented to improve upon the most egregious deficiencies, and
studies were begun to develop an improved subsystem, Because of the original
nature of the work, such studies might better be classified as research rather
than implementation or validation actlvities. Programming analysis, program-
ming, testing, and implementation of the redesigned module followed. Further
minor modifications typically were needed subsequently to refine the improved
subsystem, In contrast, the statusing function was satisfactorily developed
and made operational during the first months of implementation. Such a devel-
opmental sequence, as depicted in the preceding illustration, was typical of
many improvements which were necessary to attain an acceptable system config-
uration. ‘ -
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Preparation for Implementation

Once it had been determined that the Technicon Medical Information Sys-
tem* would be implemented at ECH, many organizational preparations were set in
motion. The pre-implementation tasks began in May of 1971 and continued until
implementation actually began in January of 1972. It was of the utmost impor-
tance that new lines of communication between Technicon, ECH Management Engi-
neering, Administration, and the various departments be put into effect and
remain open and viable. Thus, a committee structure was developed, and various
functions were outlined.

An Executive Committee, consisting of key administrative executives from
ECH and Technicon, was established to oversee implementation and operation,
make policy decisions, and review contract changes as well as system change
requests. ’

An Implementation Team consisting of members of the Management Englneer—
ing Department was established to coordinate installation and operation
throughout the hospital, integrating various departmental and nursing unit
needs into a cohesive whole. This team would also keep administration and all
departments abreast of the implementation progress,

Department Task Groups consisting of a representative from each depart-
ment, one member of the hospital Management Engineering Department, and one
Technicen MIS representative would relay departmental needs and operational
methods and progress to the Implementation Team and the vendor.

The MIS Physicians' Committee, consisting of an active member from each
Medical Staff department, would represent thé physician’s point of view. A
member of the Implementation Team was a part of this group.

The MIS Nursing Committee, consisting of representatives from various
specialties and all levels of nursing, would represent the needs in their
areas. The nurse from the Implementation Team was a part of this group.

Once the organizational plans had been laid, the pre-implementation
training program began. By dividing the computer into partitions as Technicon
planned to do later for two or more hospitals, a practice hospital was devel-
oped which simulated real hospital operation for teaching purpoeses. Technicon
prepared various user's guides and practical workbooks. One of the cafete-
ria's private dining rooms was temporarily converted into a training site with
seven video matrix terminals (VMT's) and several printers installed in the
area. o .

The training progr;ms for nurses, physicians, and ancillary departments
were designed around the user's specific needs and proceeded simultaneously,
but separately. These programs were developed jointly by Technicon and ECH,
with actual instruction conducted by Technicon.

el

A description of the Technicon Medical Information System (MIS) is contained
in Appendix A.

R




15

Nursing, because of sheer numbers and, more importantly, because of the
centrality of this department in the hospital communications network, claimed
the most attention. Formal, pre-implementation classes were conducted over a
6-week period from August 1 through September 11, 1971. Classes consisted of
. about seven registered nurses attending five l-hour sessions over a 2-week
period. The orientation covered the physical mechanics of MIS, actual metheds
of use (e.g., charting, care planning, and discharging), projected role
changes, and benefits to be derived.

Physician training began in the fall of 1971 in sequential fashion, that
is, physician specialties were trained in conjunction with the planned imple-
mentation of corresponding nursing stations. It was determined that one 2-
hour session would be sufficient for a physician to become oriented to MIS.
The average class size was originally planned to be five physicians, but in
fact much physician training was individualized. Orientation included an
overview, methods of writing orders, retrieving data, and the use of computer
documents, with special emphasis placed on the concept of physicians' personal
order sets.

L. Radiology, Pharmacy, Inhalation Therapy, Pulmonary Function, and Medical
W:Records were oriented initially to MIS on a group basis within their own de-

" partments, with the actual departmental users trained individually according

. toi.their needs. Additional pre-implementation activity in the Pharmacy in-
.cluded preparation for conversion to a unit-dose medication system. This

 activity included packaging of medications not conveniently available in unit-

dose form.

"7 The Clinical Laboratory was treated differently and trained on a group

 flbas1s first, then in three separate but related subgroups. The three areas

..covered were maintenance of laboratory processing tables; statusing; and
.clerical functions including collection, work sheet requesting, routing, test
result entry, and billing procedures. Supportive written guides alsoc were
provided, In Admitting, formal training sessions were augmented by intensive
practice sessions the week prior to actual MIS implementation.

Along with organizational and training preparation came the realization
that psychological preparation for the installation of this relatively un-
familiar computer system in the hospital environment also represented a
genuine need. Minimization of alienation and fear was 2 major concern. A key
factor in generating anxiety was the difficulty hospital staff had divorcing
themselves from present operations so as to understand the new system. In
attempting to deal with this anxiety, the implementation team was constantly
called upon to project for the staff the characteristics and qualities of the
new system.

Equipment implementation proceeded in stages beginning with the instal-
lation of the 7-terminal training site and the establishment of implementation .
.priorities for equipment installation. The number and sites for the video
matrix terminals and printers were established based on factors including
information volume and user concentrations. Actual installation of the hard-
ware took place over the summer and fall of 1971.
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Once actual installation of hardware was completed, various live evalu-
ations were conducted to assure that the number of terminals was adequate,
that response times were acceptable, and that the system possessed sufficient
capacity to handle peak loads. One such test, a system saturation test of two
and one-half hours duration, was designed to determine system performance
under heavy use. Conditions imposed on the system were a full patient load
(extrapolated four years hence), a complete range of activities and specialty
information processing. capabilities, hospital-wide routing of reports, and a
peak hour traffic load. The full complement of printers and terminals was
operated during the test by hospital staff. Satisfactory response times were
observed over the two and one-half hour test span, although some minor hard-
ware problems were encountered.

Another test was a ''clock-driven'' test to determine, if all time-triggered
printouts would print at the proper time in the right place. 1In October and
November of 1971, simulations were run in the Laboratory, Radiology, and other
ancillary departments with sample data. These tests were run both as a proof
of the system and as an extra training experience. The results of these simu-
lations were basically good with the exception of the Laboratory. In this
department, the fact that the system had not yet been completed caused the
personnel to develop incorrect concepts of what the system would do and nega-
tive attitudes toward the hypothesized configurationm.

Technicon also conducted an analysis of disk file storage requirements to -

determine if the allocated space would be adequate. In addition, an audit was =

accomplished that tested the operation of the interface between the Medical
Information System and the Business Office System, insuring that all charges
were accurately and automatically accounted for in all departments.

Before implementation, copies of all video matrices were distributed to
the respective departments so that they'might check the displays for com-
pleteness and accuracy. Also, all user codes were issued, finalized, and
checked under a control procedure designed to insure confidentiality. Each
user was instructed that his code constituted his signature.

Once it had been determined that the system was capable of performing
under the load of the saturation test and that printouts were being properly
generated and distributed, a nursing unit was selected as the initial on-line
check-out station. During November and December of 1971, 4 West, a 34-bed
medical unit, was operated as the test unit with records on six patients at a
time entered into the system. At this point, insofar as could be determined,
each MIS function had been checked out and verified.

Plans were made to provide support for the nursing staff as the nursing
stations were implemented. During the first week that a nursing unit became
operational on MIS, one Technicon systems representative and one hospital RN
would support regular unit personnel on the day and evening shifts, For the
night shift, this support would be reduced to one hospital RN. For the second
week, one RN would assist on each shift. During the first two weeks of imple-
mentation, Radiology and Laboratory would have day and evening support from
their respective Technicon representatives, while Pharmacy and the Business
Office would have only day support. A Technicon physician representative



17

would be available to assist doctors during heavy usage periods for the first
few weeks of implementation on each unit. All Technicon departmental repre-
sentatives would be on c¢all on a 24-hour basis.

In addition to these provisions, an overall system support structure
would be maintained. This support consisted of a Technicon MIS duty officer,
a Technicon hardware technician, and an on-call ECH Management Engineering
staff member. The duty officer would perform trouble-shooting for user and
technical problems and would provide the liaison between the hospital author-
ities and the computer center regarding all problems and daily operational
changes. The hardware technician would carry out maintenance-and keep both
terminals and printers in continuous operational status.

During pre-implementation, a schedule was developed projecting the se-
quential implementation of the 14 nursing units. The projection meant that
the ancillary departments with the exception of Admitting would run in dual
modes (manual and MIS) until all of the nursing stations were implemented.
Since it was essential for patients to be registered in the computer before
any other activity could be carried out, implementation of Admitting would
.. precede the first nursing station and this department would convert its eatire
';'operatlon in the first week.

) Four to six months were allotted for the implementation task. However,
the implementation period lasted from December 28, 1971 until October 1972,
exceeding the anticipated schedule by 100 percent. This protraction can be
. attributed to the large number of problems encountered. It may be illumi-
:hating,to attempt to categorize these problems into two areas: (1) problems .
+ .for which an immediate solution was necessary for the continuation of system
_operation or for continuation of the implementation program, and (2) system
deficiencies which prevented the system from functioning as well as intended.
These problems alternatively might be labeled '"urgent" and "deferrable,"
respectively.

In addition to the many changes arising through resolution of problems,
further alterations were undertaken to capitalize on potential capabilities of
the system. Because these alterations exceeded the specifications of the
original design configuration, they are termed '"system extensions.'' These
subsystem developments generally can be thought of as belng highly desirable
but not essential.

As discussed in the introduction to this section, although the intent of
the threefold classification scheme was to clarify the implementation experi-
ence for the reader, it is not entirely satisfactory because the boundary
lines between the three phases of the project were often blurred. For exam-
ple, numerous developments classified as physician subsystem extensions were,
in fact, essential to secure physician acceptance and thus constitnted changes
necessary to make the system work in the intended manner.

The imﬁlementatibn plan was designed on the basis that nursing units
would be completely implemented in a sequential fashion and that ancillary
departments would bear the brunt of operating with dual systems (manual and
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MIS) throughout the implementation period. No method of implementation pre-
sented itself that would not require one or more departments to use both sys-
tems throughout implementation. Either the service areas would function in
this way or the nursing units would be so obligated. At the time, it was felt
that a complete conversion of the nursing units' information processing and
patient records would present the least chance for untoward impact upon
patient care delivery. Therefore, it was decided that once the admitting
function was operational, the most likely place to start implementation was
the nursing unit which had shown the most interest, served as the test bed and
pilot unit, and whose esprit de corps seemed ideal for carrying the unit
through the trauma of being number one.

Pre-implementation tasks, both at the hospital and at the vendor's site,
reached completion just before Christmas of 1971, making it possible to con-
vert Admitting during the lull between Christmas and the New Year.

L

System Implementation, Validation, and Extension

At the time that implementation began, MIS was a prototype of a system
that was still in the latter stages of development. This fact was not fully
appreciated until implementation was in process, necessitating many changes, ...,
both large and small, to achieve a fully operational system that performed thegf
required functions and that was acceptable to users.

Admitting Department. In late December of 1971, the Admitting Department
began entering all new patients to the system. Start—up support was present .
for most of the first week. The MIS admitting function was designed to dupli-i
cate the information processing of the Admitting Department as it had operated::
manually. Although the initial configuration did what it was supposed to do, .-
before long it became apparent that improvements in the system could be made.

Initially, admission records were being printed on a real-time basis
in the following departments: Nursing, Business Office, Housekeeping, Mail
Room, and Admitting (for use by Admitting, PBX, and the Reception/Information
Desk). Analysis indicated that Housekeeping, the Mail Room, and the Reception/
Information Desk did not require this information on a real-time basis, but
could use an Alphabetic Patient List generated twice a day in a batch mode.
Paper usage and handling thus were substantially reduced.

Another system change that reduced errors enabled automatic assign-
ment of patiént identification numbers; initially these numbers had to be
typed into the system after selection from a manual log book. An early change
to the Admitting subsystem was to replace the Addressograph method of identi-
fving patient documents with a label method, using a MIS printer with special
label paper. The early conception of this scheme was derived from a disin-
clination to handle patient demographic data twice in the Admitting Department
(the admission form and the Addressograph plate), since with MIS it could be
reduced to a lI-time procedure. Once inaugurated, the multiple flexibilities
of the label system became apparent. Labels could be used not only for docu-
ments, but for specimens as well. Changes in patient I.D, data, if entered in
MIS, required only a light-pen selection to obtain a set of correct labels.
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Direct admission of patients at the Delivery Room and in the Nursery
represented another improvement which eliminated data transferral between de-
partments, since the mother goes directly to the Delivery Room and the baby
directly to the Nursery. This procedure was activated soon after the Delivery
Room and Nursery became MIS-operational.

" During early implementation, because all nursing units had not been
implemented, Admitting temporarily acquired the data handling function with
regard to transfers and discharges. This responsibility represented a large
workload for a small department, and soon the responsibility was transferred
back to nursing by implementing this one function on all of the nursing units.

During implementation, Admitting encountered serious system perfor- .
mance problems, since their heavy work period (1 P.M. to 3:30 P.M.) coincided
with a peak overall hospital usage time; consequently, response time was sub-
stantially degraded. By streamlining the processing and upgrading the main
computer, the system response time was significantly improved and the problem
was eliminated. Later improvements in the admitting function involved (1)

““gtreamlined matrices, which minimized the entry of redundant information; (2)
“wdapability for the Emergency Department to transfer emergency patients to in-
+patient status; and (3) display of "census by type," enabling the chief admit- .
i"ting officer to monitor departmental activity and to make appropriate work
. assignments,

CE A pre-admission feature was developed early in the implementation

ﬁ@phase. Although work on this feature has not been completed, as it exists,

3?pétients can be pre-admitted into MIS and orders can be written prior to their

‘.arrival at the hospital. The orders entered print in the appropriate ancil-

ry department and are filed until .the patient actually arrives..  Pharmacy.

“orders for some scheduled medications cannot be written in the pre-admit mode
and must be entered after admission. At .the time of admission, a summary of
all pre-admit orders prints along with the admitting document at the nursing
station. The plan to complete the pre-admit system (scheduled for 1975) calls
for the ability to hold all orders in the system until actual admission, then
to complete their processing. '

Nursing. In preparation for the changeover of a nursing unit from manual
information processing tc MIS operation, detailed plans had to be made for the
conversion of patient records to insure that accuracy was maintained, that
confusion was minimized, and that no data were lost. Careful interface be-
tween the nursing staff and the Technicon staff was required. The conversion
of the patient chart was planned for the first day, followed by initiation of
operation by unit nursing personnel on the secon@ day.

On the first day, Technicon staff manned the terminals to enter all
current orders on patients housed on the nursing unit. During the second
shift, comparison of the Kardex (manual system orders catalog) with the MIS
Patient Care Plan was initiated to reconcile any discrepancies and to obtain
updated, corrected MIS care plans for the night shift.
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On the third shift, requests for Diet Lists and Unit Work Sheets
were initiated. At this time, Nursing assumed responsibility for verifying
the care plans against the Kardex and maintained these through the end of the
shift. A verification that the patient's record was converted to MIS and
checked by a nurse was included in each chart for historical purposes.

On Tuesday, January 4, 1972 at 7 A.M., actual operation of MIS began
on Nursing Station 4 West. Census was restricted to 20 patients for approxi-
mately two and one-half weeks, a period of change expected to be the most
difficult. Physicians entered orders into MIS while nurses used MIS for all
reporting and ordering. Use of the unit-dose medication system at El Camino
Hospital was phased in with MIS implementation on the nursing units. As a
final check, the entire manual system was maintained for 48 hours in parallel
with MIS operation. On the night shift, the first 24-hour Patient Summaries
were printed out and placed in the patients' charts. At 7 A.M. on January 6,
1972, manual procedures ceased, and the operational status of "stand-alone"
was realized. The only exception was laboratory ordering which was handled by
both the manual and automated systems for approximately two more weeks. At
midnight on January 7, automatic billing of patient charges was initiated on &
West. During this time, the support to the unit consisted of at least omne
Technicon person 24 hours a day as well as an increase in nursing staff by one-:
person on each shift. Management Engineering staff members were available in v
person arcound the clock.

Problems encountered during this first 2-week period included
serious deficiencies in the Laboratory subsystem, lack of an order statusing
mechanism for all ancillary departments, numerous problems regarding print-
outs, questions regarding the desirability of the 24-hour patient summary
concept, lack of sufficient scheduling capabilities for medications, defi-
ciencies in the IV ordering system, and problems with the diet lists as well
as equipment problems coincident with power tests or failures. These problem .
areas were identified in addition to the myriad "bugs’ encountered and cor-
rected during this time. It quickly became evident that these problems would
preclude moving ahead as rapidly as had been planned.

" The significance of such problems is best exemplified by the ''sta-
tusing problem." In the manual system, the nurse indicated a particular state
of progress in the execution of an ancillary order by crossing out the order
on the Kardex. This practice indicated to all concerned, for example, that
the specimen had been obtained or the X-ray had been taken, that work had been
initiated, and that although results were not necessarily available, they
.could be expected. In contrast, in MIS there was no way tec indicate the
progress, such as specimen collection. Thus, personnel responsible for
getting the specimen or the X-ray results had no way of knowing when it was
done. Until the problem was resolved, manual adjuncts were necessary to keep
personnel adequately informed. ‘

To achieve resolution of these early implementation problems as
rapidly as possible, daily problem review sessions were held with the head
nurse in attendance. In addition, several group meetings were held with 4
West nursing personnel to answer their questions and to allow them to express
themselves regarding MIS operation. Regular meetings between nursing staff on
the unit being implemented and Technicon and Management Engineering repre-
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sentatives replaced the function of the MIS Nursing Committee in most in-
stances during the period of implementation,
I

With the basic Laboratory subsystem functioning and the advent of a
statusing mechanism, it was decided to implement a surgical unit to see if new
light might be shed on old problems and to uncover problems peculiar to a
surgery unit. In contrast to the two weeks planned, six weeks had been re-
quired for implementation of the first nursing station. Although all problems
associated with operation on the first nursing station had not yet been solved,
it was decided that further delay would be detrimental to the momentum already
generated in preparation for the MIS system conversion. At this time it was
also decided that on-the-job training in the form of one day spent on a MIS-
operational unit would enhance the ability of personnel to visualize the
change. This training was established for each subsequent nursing station
immediately before its implementation.

On February 22, 1972, MIS was implemented on 2 East, a 34-bed sur-
gical unit. Because of concern regarding system performance, similar paralliel
(manual and MIS) operations were planned. The system, however, performed with
a sufficient degree of accuracy, and because of the difficulty in using two
systems simultaneously, 2 East achieved ‘stand-alone status after 24 hours.

“Several additional MIS problems unique to surgical patient care, such as the
inefficiency of the pre-op check list system and the procedurally defective
diet list, were uncovered.

Support for this unit, as well as for subsequent units, included one
‘Technicon representative around the clock for one week, one nurse on each
shift from a MIS-operational unit for two weeks, and Management Engineering
“staff either in the hospital or on call. This pattern of support was repeated.
ﬁ£0r each unit on start-up. Census on 2 East was kept to 20 for about two
‘weeks. Subsequent start-ups weré accomplished without any attempt to control
“ECensus, - h

During the period extending from January through March of 1972,
equipment reliability was a constant source of irritaticn. While scme "downs™
were unavoidable, many were elective, resulting from decisions to halt MIS
briefly to "fix something."” To smooth operations, a policy was established
insuring that no planned downs would be made without hospital concurrence, and
that all "fixes" would be made at the 3 A.M. scheduled down. This policy
allowed for genuine emergency downs and served to reduce user irritation.

Before moving on with impiementation, the 24-hour patient summary
issue was resolved. This document evolved under the assumption that presenta-
tion to the physician and nurse of all relevant patient data from the last 24
hours would be a desirable improvement over the conventional chart layout.
Thus, the physician could, by reviewing one document, quickly assimilate all
important recent patient information. Unfortunately, presentation of data by
24~hour slices made correlation over time and analysis of trends more diffi-
cult. When this facet of patient management was suddenly made more difficult,
the importance of this capability was quickly realized. Consequently, the 24-
hour summary was split into parts: Doctors' Orders, Nursing Records (quanti-
tative measurements and medications}, Nurses® Notes, and Ancillary Results,
which were returned to their traditionally separate chart locations. -
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Another major problem with the concept of one document for 24 hours
invelved the requirement that all of the data be summarized at one time, for
example, at midnight. To include the night shift nursing data for review at
doctors' morning rounds, the optimum time for printing Nursing Records and
Notes was 7:15 A,M. The optimum time for summarizing laboratory data was late
afternoon, when the lab had processed and reported the bulk of its work and
prior to physicians' evening rounds. The summary of doctors' orders still
could be printed at midnight. Reorganizing summary data along more tradi=-
tional lines allowed the generation of the component documents at more ap-
propriate times. It is interesting to note that the format of the Z4-hour
Patient Summary, which was found unacceptable in general use, had been ap-
proved by the MIS Physicians Committee and had been used without complaint by
physicians in the MIS develeopment and testing phases.

Requests from users, particularly physicians, for a MIS replica of
the 7-day medications summary that they found so useful as a part of the old
manual system, led to development of such a document (see Figure 1) and its
extension to a similar printout summarizing the last seven days of laboratory
results, The latter has been further developed and refined as discussed in
this section under Clinical Laboratory. W

Early in April, it again was felt that further delay in the imple-
mentation of subsequent nursing stations might cause a loss in the momentum of
change., Consequently, on April 11, 1972, 6 West, a 32-bed Gynecology unit,
was implemented. The changeover progressed with little difficulty. Much of
the credit should be attributed to the fact that many doctors developed and .
used personal order sets which allowed physicians to rapidly write orders for
"typical' cases. On the previous units implemented, internists had not devel-: "
oped any personal order sets and only a few surgeons had availed themselves of
this feature. The use of personal order sets from the beginning on 6 West
freed nurses from having to spend time assisting doctors in entering their
orders and allowed more time for nurses to cope with their own learning process.

The relative facility of start-up on 6 West prompted an ambitious
implementation on May 2, 1972 of several closely related units---Maternity,
Nursery, Labor and Delivery, and 2 North {(a 12-bed short-term Gynecology
unit). These four areas were implemented together because they shared pa-
tients and staff. Reaping the benefits of previous training and- use of MIS on
6 West, the physicians made the adjustment from the manual system to MIS much
more easily than had been the case in other units., Implementing this large an
area all at once had several drawbacks. The first was the inability to either
predict or control the maternity census, and unfortunately, census was un-
usually high during the period of implementation. Another problem involved
the amount of support required, and although support was more than needed for
one unit, it was insufficient for the total area. Thus, no area received the
attention it should have. Lastly, a problem arose in the Nursery, where the
use of patient care plans (so helpful in the care of adults) actually added
paper work in the case of newborns. This result occurred because newborns
generally are healthy rather than sick. Changes to care plans for the Nursery
resolved this problem.
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From a positive standpoint, this combined effort eliminated the
frustration of using a dual system (manual and MIS) for OB-GYN physicians.
Continuing this line of reasoning, Pediatrics was the mnext unit selected for
implementation because pediatricians were already using the system in the:
Nursery.

System problems and difficulty in scheduling on-the-job training due
to high census delayed implementation of the Pediatrics and Teenage Unit until
May 30, 1972. The census remained high, complicating start-up. Furthermore,
the question of whether the system should contain nursing notes was then
becoming crucial. The problem of nursing notes involved two principal fac-
tors. From the vendor's point of view, the volume of notes entered far ex-
ceeded expectations and led to a system capacity overload with a resultant
slow-down in response times. From the nurses' point of view, the notes were
now legible in a new format. Now for the first time they could see the tradi-
tional nursing note problems, such as redundancy, inclusion of particular data
for "legal' purposes only, and/or vague, general terminology. The nurses
began asking what they could do to change this situation. At the same time,
nursing station personnel were being plagued by VMT queuing that seemed to
occur at peak charting times.

Because the status of computerized nursing notes was unclear, pedi-
atric nurses were reluctant to accept this part of the system. Before con-
tinuing implementation, a decision was reached: (1) to implement no addi-
tional units with computerized nursing notes; (2) to allow the only medical
unit implemented and Pediatries to return to manual nurses' notes; (3) to
establish a special committee in nursing to study the entire problem, recom-
mend a solution, and/or develop a new methodology (a nursing consultant was
hired to assist in this project), and (4) to continue using computerized
nursing note procedures on the other units which had been implemented. The
fourth policy was adopted in the belief that use of the computer medium would
help stimulate new ideas and methodology regarding charting.

A 34-bed psychiatric unit, 1 South, was implemented on June 7, 1972.
It had been decided not to involve the staff of this unit in on=-the-job train-
ing and observation on another unit because it was thought that the signifi-
cant operational differences of this unit would obviate any benefits. Ex-
perience proved this decision to be poor judgment. The value of on-the-job
training was nct to see how one's own unit would function, but how a unit
could function. Also, the concept of extreme flexibility to meet patient
needs under which this unit operated made it difficult for the staff to
identify existing‘structure and modify it appropriately so as to use MIS
effectively. Additional problems arose because the implementation of this
unit followed so closely upon that of Pediatrics; thus neither unit received
adequate support. The frustration level of implementation trauma thus was
extended on bonth units,

By this time, a fairly clear picture of the implementation process
could be defined. Every unit experienced an emotional response to MIS im-
plementation, which lasted apprcximately one month. It was necessary for
nursing personnel to relearn all methods of infermation processing. They were
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required, during initial implementation, to think through each action instead
of automatically performing it, resulting in mental strain, which surfaced in
the form of exhaustion, anger, and frustration., Such reactions were most
apparent during the second and thirxd weeks of implementation, the first-week
tension being modified by interest in the new system, the fourth-week tension
abating due to increased familiarity with the system.

Another emotional phenomenon seen, though certainly to a much lessetr
degree, was fear---anxiety that the nurse would not be able to learn the new
system. This emotional reaction was dealt with, when encountered, by supply-
ing additional support during the initial learning and use stages,

The 5-bed Artificial Kidney Unit (AKU) began using MIS when an in-
patient from a medical unit, whose medical record was on the system, began
dialysis treatments. The implementation proceeded incrementally, closely tied
to the implementation of the Outpatient Department. The AKU, which serves
both inpatients and outpatients, had difficulty maximizing MIS potential. A
typical AKU patient is treated as an outpatient with one or more inpatient
episodes. This change in patient status causes problems in the computer rules
for handling their medical records., These problems are being worked on but
still exist.

Absence of support persounnel held up further implementation until
June 27, 1972, when 5 East, a 42-bed Orthopedic unit, commenced implementa-

tion. By this time, entry of nursing notes had been limited on certain

nursing stations. No serious problems were experienced and remaining medical
and surgical units were implemented with a minimum of problems., MIS operation

was initiated on July 11 for 2 West, a 34-bed Surgical unit; on August 15 for
6. Fast, a 34-bed Isclation and Medical/Surgical unit; and on August 29 for 3
West, a 34-bed Medical unit. :

‘ During September of 1972, the critical care areas were implemented
w1th1n days of one another to take advantage of their close interaction and
yet to avoid the drain on support personnel that was experienced in the pre-
vious simultaneous implementation in Obstetrics. This approach, while more
successful than the Maternity effort, still reflected problems associated with
inadequate support.

Simultaneous with the implementation of the last unit, the long-
standing problem of patient transfer disappeared. Previously, when a patient
was transferred from a MIS unit to a non-MIS unit or vice versa, extreme care
had to be taken to insure that the interface between MIS and the manual method
was complete. The number of patient transfers at ECH was not extremely high;
thus, the problem, though time-consuming, was tolerable.

Initially, the paper output at the nursing staticon was perceived by
nurses to be excessive, MIS does, in fact, create a somewhat larger volume of
paper on the unit. However, many MIS documents are temporary and are dis-
carded after use. It is felt that the nurses' initial perceptions were exag-
gerated because organized methods had not been developed to deal with the
paper-handling problem. As definite paper-handling procedures were imple-
mented and responsibilities for these activities were assigned, complaints
regarding paper volume diminished.
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Once implementation had been completed, the major change projected
for nursing was the development of a new nursing notes methodology. This
project was begun in 1974 and continued into 1975. The only other major
problem still to be resolved involved IV ordering, tracking, and charting.
Although MIS allows such ordering and charting, technical consideratioms
present severe problems for associating IV crders with accompanying medi-
cations. This difficulty has proven to be one of those apparently simple
problems that turned out to have no easy solution. In 1974, a solution was
reached, which is planned for implementation in early 1975. Nursing, however,
was affected by most of the changes developed for other departments. Many of
these served to further streamline the nursing portion of MIS., Three other
factors were to be of constant concern to nursing: system reliability,
methods and procedure changes to maximize the benefits derived through the use
of MIS, and again, training. System reliability, because of its general
nature, will be described at the end of this section, Methods and procedure
changes are directly related to benefits realization and will be discussed in
Section 6.

The training program developed for nursing during pre-implementation
and continued through implementation set the pattern for new employee training
over the next several years. This format included five hours of classes X
during the first week of orientation, with subsequent learning through on-the-.
job practice. Most nurses become proficient using MIS within a menth to six
weeks, Class hours have slowly been increased to eight hours as the entire
system has grown in complexity.

. Since implementation, two additional training needs have been iden-
tified. The first is the need to periodically retrain personnel on seldom

used, but essential features of MIS. A second area requiring ongoing trainingf

concerns the continuing changes and improvements made to the system. Commu-

nication of simple, straightforward changes is handled satisfactorily through n

a weekly "change list" produced by Technicon and distributed to users, or by
announcements appearing on the first video display users encounter at the VMT,
For a complex change, the method of training representatives from each nursing
unit, who in turn train the unit's staff on their shift, has been fairly
successful.

Vocabulary has been another factor of concern in training. MIS has
made it necessary to make very explicit and specific certain procedures that
were undefined and taken for granted previously. For example, several new
states of processing for doctors' orders have been introduced. Before MIS,
only two states were defined: written and discontinued., With the advent of
MIS, four states have emerged: written, discontinued and/or complete, held,
and deleted. Each of these states had to be defined and the definitions
transmitted clearly to all users. Success in this area of training has had a
direct bearing on the accuracy of using MIS.

The project which began in an attempt to design'a new charting ‘
methodology using the system, developed into a more comprehensive project
which was entitled the Nursing Care Planning Subsystem. The Nurse Care Plan-
ning Committee, established in 1972 to study the problems of nursing notes,
felt that the problems were much more comprehensive than just nurses' notes.
They recommended establishment of a comprehensive, integrated system for

b3
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processing nursing care data. This system would include (1) a nursing care
planning system; (2) a charting system designed to report the outcome of
patient status as a result of nursing care given; and (3) a capability for
feedback, which would enable nursing care audit, This system was to be -
developed in a manual mode, then transferred to the computer.

The first step in the development was to create a Nursing Care
Planning method. The system, described by Mayers in A Systematic Approach to
the Nursing Care Plan,' was adopted by the nurses at ECH. This method in-
volves the identification of patient problems, expected outcomes (or problem
resolutions), and nursing orders to accomplish the outcomes. Problems may be
usual or expected for a given diagnosis, or unusual or unique to a given
patient. In the process of learning the care planning method, the staff
nurses developed Standard Care Plans. These were care plans created around
diagnosis or condition, containing usual problems, expected outcomes, and
appropriate nursing orders. The first volume (of a planned 3-volume set),
containing 90 standard care plans for medical and surgical units, has been
pub]:ished2 and is available at 2 cost of $20.00 from the publisher, K. P.
Medical Systems, 713 Loma Verde Avenue, Palo Alto, California 94303. At the
date of this report, more than 4,300 copies had been sold. Two additiomal
volumes, covering care plans for maternal and child care and critical care
-ynits, will be forthcoming.

. Integration of the manual standard care plans and the computerized
care planning aspects of MIS presented a barrier to making operational this
comprehensive nurse care planning method. It necessitated that an excessive
amount of data, referenced in the standard care planning manuals, be keyed
manually into the VMT's for merger with the existing computer-produced care
plans. Thus, the next step was to incorporate the Standard Care Plans into
the computer and simultaneously to develop a program for flexibly creating
.1nd1v1dual nur51ng care plans for any patient., This objective was accom-

B llshed for one unit (Orthopedics) on a pilot basis. 1t proved to be an
effective way to perform care planning; however, the pilot experience revealed
deficiencies in methodology which since have been corrected. ECH presently is
planning further evaluation on the Orthopedics unit and subsequent expansion
to the entire nursing department.

A second area of concern to the Nurse Care Planning Committee in-
volved nursing notes. In the revised system, nursing notes would reflect the
patient's status with regard to the expected outcomes and would only be
written to indicate problems or progress toward goals (exception reporting).
This system also has been implemented, at first manually and now on the com-
puter in half of the nursing units. The remaining nursing units will be
implemented on the computer in late 1975 and early 1976.

These two important steps have led to the development of an audit
program, which was inaugurated during the latter part of 1974, This audit
program compares the documentation of care planning and patient progress, as
reflected by the patient care plan and the nursing notes, respectively, with
actual patient prcblems, needs, and progress as evaluated through an interview
with the patient by a nursing care auditor. This system currently is operated
manually on a limited basis, and hopefully, will be expanded on a computer-
assisted basis.
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An additional by-product of the work on standard care plans involved
the realization that care plans could be the source of data to augment the
nurses staffing program that was operational at the hospital. The program
consists of (1) Workload Forecasting---a prediction of future patient load (by
unit); (2) Scheduling---assignment of work days by employee to meet forecast
needs; (3) Recruitment--—--acquisition of staff and continuous identification
and documentation of special staff skills; (4) Near-Term Allocation---adjust-
ment in staffing patterns necessary because of variance between actual and
forecast workload, unscheduled employee absence, and temporary special skill
needs; and (5) Management Reporting and Control--—operational data summaries
to provide Nursing Administration with meaningful staffing control information.

It became obvious that the care plans could contain all of the data
necessary to indicate the level of nursing care required. If this could be
quantified, the computer then could calculate staffing requirement data on a
shift-by-shift basis and provide these data on which to base allocation of
personnel just prior to the oncoming shift. With the assistance of a consul-
tant, a method for quantifying these data has been devised. It will be tested
as soon as the Orthopedics unit is using the care planning system, including
the modification. These extensions of the computer-assisted care plan,
nursing audit, and staffing are discussed in more detail in Section 7 - Future
Extensions. ‘ :

Surgery. The surgery area was implemented incrementally as the surgical - |
nursing stations were implemented, thus becoming involved with MIS in February . @ .

of 1972 and not completely converted to MIS until September of 1972, There
were problems in two areas. The MIS Operating Room (0.R.) subsystem was

developed while the 0.R. supervisor was on a leave of absence and thus without ..,

her involvement. As a result, certain items had been excluded. For example,
Recovery Room charting was inadequate enough to require the development of a
new reporting methodology by drawing upon more of the previously designed
capabilities of the Nursing subsystem. A second and continuing problem re-
lated to the computer-generated Operating Room check list. As designed, its
use was highly inefficient and required multiple handling of data. Due to the
extensive programming necessary to make this a truly useful document and
because of the relative ease of using the 0ld manual document, improvement of
this feature has been deferred as a system extension for future development.

Clinical Laboratory. As indicated under Nursing, it was immediately
recognized, with the implementation of the first nursing station, that the
Laboratory subsystem had serious problems. These problems were largely at-
tributed to the following causes: (1) the laboratory portion of MIS was the
last to be designed and thus had the least review and testing; (2) the design
concept was unrealistic in some areas such as laboratory work organization;
(3) the analysis of scheduling laboratory orders had yielded false conclusions
because it focused upon paper work and did not include workload organization;
and (4) the Laboratory subsystem is very complex, both internally and in its
interface with the ordering system.

Laboratory personnel, in attempting to use the system, faced many
problems as a result of these insufficiencies. Initially, they had no means
of quickly identifying the 'status" of a specimen, and because both Laboratory
and Nursing collect specimens, this source of confusion was a serious problem
that required early resolution (see also page 2Q).
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The concept of scheduling, under which the Laboratory subsystem was
designed, involved a situation in which doctors put schedules on only 20 to 30
percent of the tests and the Laboratory scheduled the rest, In fact, most
tests were implicitly scheduled, based on receipt of the requisition by the
Laboratory. . For example, before the implementation of MIS, requisitions for
tests to be done "tomorrow' were held on the nursing unit until 6 A.M. on the
morning they were to be performed (an informal means of scheduling). MIS made
no provision for this kind of control. As a result, requisitions came into
the Laboratory in a random fashion and laboratory personnel had no knowledge
of when the test was to be performed. Thus, use of the phone between the
nursing stations and the Laboratory increased greatly in an effort to resolve
these questions. The solution to this problem (i.e., provision for adequate
scheduling via MILS) had secondary negative ramifications. Before the imple-
mentation of MIS, the doctors did not document the large majority of schedules
for their laboratory tests. With the advent of MIS and if they used the VMT
for order entry, the system demanded schedules for certain tests. This re-
quirement to learn and use specific lab test schedules heightened negative
responses to MIS. Over time, this requirement has ceased to be a problem and
has, in fact, become a benefit as the incidence of inappropriately scheduled
laboratory tests has decreased.

A Laboratory personnel also had problems with the design concept of
~“"pbatching." Batching involves.listing multiple patients and their associated
© stests on one document. This concept was extremely beneficial when used in
. “¢onnection with documents for collecting specimens from the nursing units, as
the system sorts and arranges the data by nursing unit and bed sequence. When
applied to laboratory work sheets, however, the concept proved confusing and
~potentially dangerous because the system had not been designed to identify
“specimens so that they could be correlated with work sheets. Thus, individual
-computer-generated work sheets, comparable to those used under the manual
System, were a necessary development (again very soon after implementaticn).

The initial design concept requiring each laboratory technician to
enter his or her own results proved to be impractical and time-consuming, due
to the unworkable concept of batch processing of work sheets. The short-term
solution involved use of data entry clerks (four by the time implementation
was complete}. Thus, instead of eliminating transcriptions (a basic MIS
design criterion), initial Laboratory subsystem inadequacies forced the tem-
porary addition of transcription activity. Furthermore, the entry of test
results was cumbersome. Streamlining this procedure by making access more
rapid and by matching data entry format to the laboratory work sheets in-
creased user acceptance and reduced the overtime caused by MIS. It is ex-
pected that the additional clerical work required for result entry can be
reduced, due in part te an automated interface between MIS and blood analysis
equipment (SMA 18 and Goulter-5) and the use of mark-sense card input for most
other test result documentation.

In addition to Laboratory subsystem design problems, the peak time
for laboratory data entry coincided with the hospital data processing peak
(1 P.M. to 3:30 P.M.); consequently, the Laboratory was affected by the re-
sulting general degradation in system response time. Entry of results was
further complicated because there was no provision made for autcmatically
printing specimen collection time with results. Originally, the system used
the order time, unless an overtride was introduced. The specimen collection
time was provided ultimately through the statusing system.

-
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Although a number of corrections needed to make the Laboratory sub-
system usable were instigated early, it was evident that major design changes
were necessary. These changes proceeded along two different paths. One path
involved the creation of an automatic interface between automated laboratory
blood analysis equipment and MIS. A corollary development involved creation
of a mark-sense card interface for manually recorded test results. The.
second path involved revision of the basic Laboratory subsystem programming to
create a subsystem that could handle all of the speclmen, date, and time
identification requirements expeditiously.

The first automatic interface was accomplished with the SMA 18 in
July of 1974. . Currently, serclogy, urinalysis, and white blood counts have
been converted to mark-sense cards, which then are read by an optical mark
reader, Further work is in progress to develop interfaces with other equip-
ment such as the Coulter-S counter. In October of 1974, new programming was
completed and implemented. These accomplishments have-substantially stream-
lined procedures and introduced new flexibilities into the Laboratory sub-
system.

Until recently, personnel found using MIS a burden, and for a 1ong

time were hesitant to trust the system, This attitude can be ascribed to both~ ™/

system deficiencies as described above (the resolution of which was both -
difficult and time-consuming) and te the fear that MIS was less safe than the
manual system had been. Over time, this fear has dissipated as MIS has proven
reliable, and trust has increased as problems have been resolved.

Radiology. The Radiology Department was implemented incrementally as
nursing stations began using MIS. This department suffered some of the same
general system deficiencies that the Clinical Laboratory did. One of these
deficiencies was the absence of a statusing system. The initial solution,
although it met the needs of other departments, was inefficient in Radiology .’
since it required seven light-pen selections to status each order. Improve-
ments were required to make statusing possible in three steps per order.
Another initial problem shared with the Laboratory was an inadéquate sched-
uling system. Here, too, the scheduling matrices were not explicit enough to
meet the needs of the physicians and Radiology, and required further develop-
ment during the first two months' of implementation.

The Radiology secretaries, who entered the results of Radiology
examinations into the system, encountered an immediate problem with the key-
boards associated with the terminals. The keyboards varied from their stan-
dard IBM Selectric typewriters in layout and, more significantly, were not as
"fast'" due to their particular mechanical-electrical design. A workload
backlog soon developed in the department. Technicon developed a new keyboard
which was superior to both the IBM Selectric and previous VMT keyboards,
enabling productivity to increase by a factor of more than two.

A further adverse impact on reporting time was created by the false’
expectation that radiclogists would use '"normal" statements to describe radi-
ology findings. These statements had been stored in MIS for simple light-pen
selection in order to eliminate the need for keying repetitive statements into
the terminal. The predetermined statements, however, did not conform closely
enough to the styles of the individual radiclogists and, therefore, were not
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used by them. Consequently, personalized '"normal" statements were developed
by each radiologist for storage in MIS; their use has reached a level of about
30 percent of all results reported.

Formats, both of working documents in the Radioclogy Department and
of results for the patient's chart, needed reworking in order to make the
significant data stand out from subordinate identifying data such as file
numbers. It also was necessary to separate the printing of radiology results
from other ancillary results for separate filing in the chart. ’

As problems were resolved, the flexibility of MIS in handling typed
data actually reduced the secretaries' workload. It was discovered that after
transcription and before final radiologist verification, most reports needed
only minor spelling and -punctuation corrections. These corrections could be
made on the video screen, eliminating the need to retype the entire report.

In the meantime, a 'preliminary" radiology report could be made available
through the VMT as soon as it was keyed into the system. These "preliminary"
reports were available for viewing by the patient’'s physician and on the

’ nur51ng floors 11 hours earlier than under pre-MIS conditionms.

The Radiology Department currently is facing a problem caused by the
hgrowth of patient files. The MIS system seems to offer the potential for a
solutlon, but because of cost and time constraints, there has been no effort
so far to explore avenues for solving this problem.

wer

, Pharmacy. A unit-dose medication program, consisting of a once-a-day
3exchange cassettes-cart system, was implemented concurrently with MIS for each
nursing unit. It was decided that implementing MIS and unit dose simultane- '’
jusly would necessitate only one change to the process of the medication
sidelivery system and thus would be less traumatic than two major changes. A
“unit dose program had not been implemented previous to MIS implementation
because of the cost and time factors involved in maintenance of manual records
for a unit dose system. Although this change to the medication delivery
system involved revision of one of the most firmly established systems in
nursing, it was accomplished with a minimum of problems. This accomplishment
may, in part, be attributable to the positive impact of the shortened turn-
around time for medication orders, due both to the speed at which the order
reaches the Pharmacy via MIS and the ease of sending the nursing unit an
initial supply of medications that are unit packaged.

The implementation of the Pharmacy subsystem of MIS was relatively
smooth, but problems did exist. Scheduling of drugs presented problems
attributable to lack of user proficiency initially and lack of adequate
scheduling options. Although options in the Pharmacy subsystem were extensive
in contrast to the Laboratory subsystem which contained very limited sched-
uling options, there was further need to extend the pharmacy options so that
drug schedules could be selected to meet patient needs rather than computer
constraints. Because of the extent of the initial scheduling system, addi-
tions were relatively easy to accomplish, and by the end of 1972, the medi-
cation scheduling system allowed all of the optiocons that users had indicated
as being desirable.
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Pharmacy was affected by a change in MIS that allowed the modifica-
tion of drug schedule times without changing the drug order. Initially,
Pharmacy received a copy of the change in the scheduled times. But, since
distinguishing a change from an original order was difficult, Pharmacy was
never certain whether to send the medication to the nursing unit or not. This
confusion is an example of the problem caused by providing too much data. In
this case, the data had no significance for Pharmacy and the problem was
resolved by suppressing the printing of the schedule:change in Pharmacy.

The most outstanding problem for the Pharmacy involved IV medica-
tions scheduled for addition to an IV solution. IV solutions are not classi-
fied as medications; additives are. Because of system architecture, the
technical problem of combining the medication and IV sclution order into a
single order was extremely difficult to solve, This problem was not resolved
until early 1975. '

In 1973, it was recognized that patient allergy information residing
in MIS could be routed to the pharmacist along with the patient's drug orders,
thus allowing the pharmacist (who is most familiar with individual drug chem- _
istry) to intercept potential allergic reactions. Currently, allergy informa- .
- tion supplied and entered by doctors and nurses automatically prints in the i
Pharmacy, along with any drug order. This feature results in the interception’ '
- of an average of one potential problem per day. R

As part of the effort to motivate physicians to utilize the VMT
interface more extensively, a set of drug information displays was developed,
providing usual dose, route, expected side effects, and contraindications for
a number of drugs. The value of such displays is difficult to evaluate ob-
jectively as there presently is no means of recording their use.

An ‘area of the Pharmacy subsystem that, since the inception of MIS,
has triggered interest in further development is the proposed creation of an
active drug interaction system. Although the benefits of this application
appeared obvious, a number of questions surfaced upon close scrutiny. Did an
appropriate data base exist which would provide practical benefit to the
typical private practitioner? How should such a data base best be utilized?
Also, due to the relatively undeveloped state of the art with regard to drug
interaction programs, selection of a clearly superior data base has not yet
been possible,

Currently, developmental activity along this line has been deferred,
pending answers to these questions. However, analysis of the applicability of
a data base, developed by Dr. Stanley Cohen of the Stanford University Medical
Scheol, will be conducted in 1975, Dr. Cohen's drug interaction programs will
be run against the El Camino Hospital patient data base and potential inter-
actions will be identified. The significance of these findings then will be
evaluated, If the results of the pilot study prove promising, an on-line link
with the drug interaction programs at Stanford will be established such that
notification of potential drug interaction problems can be sent to E1 Camino
Hospital in a real-time fashion.
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Medical Records. Difficulties in upgrading clerical procedures to keep
pace with the introduction of new methods of hospital-wide information pro-
cessing occurred during implementation in Medical Records. Difficulties began
when the first nursing unit implemented discharged patients. These diffi-

- culties were attributable both to insufficient preparation as well as to the
nature and function of the department. The pre-implementation training
gession covered only what MIS would do and neglected to prepare the staff for
the changed physical appearance of the chart. The training did not address
itself to the responsibility of the Medical Records Department for insuring
the accuracy and.completeness of the chart, or the procedural changes that the
new chart format would necessitate in that department. Scrutiny of the MIS
chart, which emulated that of the manual chart, resulted in more work because
MIS charts presented new levels of detail. The old chart scrutiny metheds
were retained until numercus problems were resolved and the system proved to
be reliable, It was necessary later to revise these methods to accommodate
the new chart format.

MIS was designed to solve the obvious chart problems of illegibility
and missing documents, Unfortunately, the small problems, which had always
existed, became more evident because they were illuminated by the complete and
ﬁ&etailed charts now available. For example, under the manual system it was
difficult to determine whether the chart contained all of the orders that a
physician had written. Under MIS, to eliminate any omissions, each order that
a physician enters is automatically given a sequential number (easing the bur-
den on Medical Records), while insuring that all ancillary departments had
‘reported corresponding results.

e Finally, many problems stemmed from the attempt to put a ''mew chart"
‘format into an '"old chart" processing system. Ultimately, it was necessary to
develop and-learn completely new work patterns to handle the MIS chart. This

combination of inadequacies in preparing for the new system and initjal frus-

trations.in its use fostered a strong negative atmosphere in Medical Records,

which was slow to dissipate,

A combination of the inadequacy of training, the need to scrutinize
the charts, and the volume of problems uncovered soon resulted in a large
backlog of work. This backlog was compounded by the fact that initially the
physicians had to go to Medical Records to sign the orders for the last 24
hours of a patient's hospital stay. This requirement meant that 100 percent
of the charts had to be held for physicians' signatures before they could be
filed, The increased workload required Medical Records to increase its staff
by as much as four and one-half full-time equivalents. As the problems were
resolved, the added staff was reassigned to other tasks, including handling of
the increased number of admissions.

The two other.problems that seriously affected Medical Records
involved lack of user proficiency in other departments and the physical simi-
larity of all MIS documents. For example, if a new user at the nursing unit
entered patient data incorrectly and neglected to revise it or was unaware of
its existence, the error would print and be included in the patient's chart,
Medical Records was forced to cope with these errors from other departments
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until they were corrected and until users became more proficient. Because the
Medical Records staff lacked a broad understanding of system function, opera-

tion, and the problems of data entry throughout the hospital, it was difficult
for them to comprehend the continuance of these errors. However, as the sys-

tem was perfected in all departments, errors decreased and in Medical Records

confidence in the system's performance increased.

Many chart problems were solved as nurses and clerks learned to
distinguish permanent documents from work sheets and were careful not to throw
away the permanent documents. As Medical Records became familiar with the
various printouts, they ceased to appear similar and were easier tc cate-
gorize., Specific changes were made to printout formats so that a single
. glance was sufficient to distinguish permanent from temporary chart documents.
Medical Records profited greatly from these changes,

The volume of paper that Medical Records had to contend with was
overwhelming at first. The initial attempt to ease the load was to provide
this department with a '"burster" (a device for automatically separating per-
forated computer-printed pages). Subsequent efforts were directed at elimi-
nating all redundant documents and developing a test results summary, which
consolidated test results. Consolidation facilitated checking for omissions
while reducing the amount of paper in the chart (an important factor for
storage).

The development of the computer code signature for orders quickly
reduced the backlog of charts needing physician signatures, and the recent
development of using the computer code signature for discharge summaries has
eliminated much of the backlog of incomplete charts waiting for discharge
summary signatures. ’

Much of the negative attitude and the many problems which arose in
this department could have been avoided had it been possible to provide:ade-
quate Management Engineering support to the department through the implementa-
tion period. Over time, however, the department has adjusted well, a sense of
trust in MIS has developed, and the accuracy and completeness of charts has
reached a level impossible with a manual system. '

Central Service. Central Service was converted to MIS usage relatively
smoothly. This department began MIS operation concurrent with the first
nursing unit. The early elimination of admit notices for Housekeeping and the
Mail Room, which were deemed inefficient and which were being printed in
Central Service, greatly reduced the amount of paper handling there.

Probably the most significant problem involved the organization of
Central Service items by category on the ordering matrices. Items were diffi-
cult to find in the display chain, and rather than search for an item, the
nurse often would key it in. Since it is not possible to code free text
entries with a charge, these keyed-in items have tc be charged manually by
Central Service., 1In November of 1972, new matrices designed to facilitate
locating items became available, Items were cross-—-indexed alphabetically and
by category. A special display also was created consisting of commonly order-
ed items,




The original printed requisition supplied Central Service with only
the patient's room number and not the ordering location. Thus, if an item
were ordered by the Recovery Room, the item would be sent to the patient's
nursing station. Although this problem was quickly rectified, it is repre-
sentative of the subtleties of hospital operation which may be easily over-
looked, particularly if the system designer is not intimately familiar with
the area in question.

One needed improvement, still‘outstanding, is the capability to
print all nonreturnable items for one patient on one requisition. This
development would reduce the paper handling in Central Service as well as
facilitate simultaneous delivery of all items. While technically easy to do,
it would require recoding of every matrix. Recoding is a time-consuming
process requiring 100 percent accuracy and so, at present, this improvement
has received a low priority.

Food Service. As with other departments, Food Service began using MIS
when the first nursing unit was implemented. As originally designed, the Food
Service subsystem printed deoctors' diet orders and a diet list for each
nursing unit in the Dietary Department. Also printed were all admit, transfer,

+and discharge notices. These notices were later discontinued and the data in-
“corporated into the Diet List. The initial configuration did not take into
vconsideration the fact that nurses often modify doctors' orders, making them
more specific (e.g., "diet as tolerated'). Also, more than one diet order can
exist at one time. For example, a patient's diet orders could read "regular
diet" and "NPO post-midnight." Someone must determine which order applies to
‘the meal in question. Because of these two factors, the diet lists were often
“confusing to the Dietary Department. To resolve the problem, the diet list
currently is printed on the nursing unit, checked by a nurse, annotated if
necessary, and then sent to Dietary.

Design requirements for a more satisfactory diet list have been
developed. However, the vendor has been reluctant to expend effort in this
area since it appears to function as is. As the Food Service subsystem '
exists, it violates system design philosophy which emphasizes direct data
transmission from data source to user without intervention by third parties.
When this intervention comes from another department (in this case Nursing),
the user department (Food Service) becomes dependent on the intermediary
(Nursing) for data that affect the entire operation of the user department.

Qutpatient Department. The use of MIS by the Outpatient Department was
implemented in late May of 1972, TImplementation encountered minimal problems,
By that time, MIS operation on several nursing stations had stabilized and
approximately 40 percent of inpatients were on the system.

The major problem in the Outpatient registration subsystem was one
of computer processing priorities. Orders for tests could not be entered
until the computer updated the file to include registration of that patient.
Because of processing priorities, this file update often took up to ten min-
utes, causing delays in the ancillary department where the tests were to be
run. This procedure has been changed so that the outpatient clerk can regis-
ter a patient and enter an order immediately thereafter.
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Another problem that manifested itself involved matching the purge
cycle for outpatient records with the elapsed time from test to results.
Experimentation has shown that a variable time span is the most efficient in
meeting user needs without impacting negatively on system capacity (by storing
records no longer needed). To this end, Technicon plans to purge an out-
patient's file after checking that all orders and results are completed
rather than purging it within a predetermined time frame.

Emergency Room. In July of 1972, the Emergency Room subsystem was tested
at the hospital. Numerous problems were experienced with incorrect charges,
patient transfers, incompleteness of selections, and specialized emergency
room (E.R.) requirements. By September, MIS hospital-wide operations had
- stabilized somewhat and the effort to implement the E.R. was renewed. Emer-
gency room personnel had been trained to use MIS in July of 1972, but by the
time that implementation was imminent in the fall, the system design had
changed drastically and retraining was necessary. Because the Emergency Room
would need to process patients even during the daily downtime (2 A.M. to 3
AM.), an important part of training involved skilled use of the manual back-
up system., Thorough testing of the redeveloped system was undertaken on all

three shifts, with vendor and hospital staff providing support. One component . °

of the Emergency Room subsystem was the specially developed emergency room
chart. For this document, NCR paper was used on the printers, and the emer-

gency room record was printed out in triplicate when a patient was registered.

Because the printers are the nonimpact type, three separate printouts were
required.

On October 23, 1972, the Emergency Room began full-time operation on'T
MIS. Unfortunately, concurrent with implementation the E.R. experienced
record workload demands as they struggled to adapt to a new set of work tools
and a new approach to their work. Originally, two video matrix terminals and
one printer had been deemed sufficient for E.R. use, It soon became apparent
that a third terminal was necessary on evenings, weekends, and holidays to
provide the registration capability needed to handle a peak volume of patients
in a short period of time. To solve this problem an arrangement was made
whereby a terminal in a nearby ancillary department could be moved into the
E.R. during the peak hours, which conveniently coincided with non-use hours in
the ancillary department.

Problems experienced in the first month of emergency room implemen-
tation included inadequacies in the chart format, delays, difficulties in
transferring a patient to inpatient status, insufficient information selection
capabilities, and the need to be able to register a patient with minimal data.
(This latter requirement might mean using a pseudonym for the real name and
correcting it later.)

By mid-January of 1973, the problem of transferring patients to
inpatient status had been resolved, information matrices were made complete,
and a quick registration mode was created. Also, some changes were made to
the chart format, making it more usable.
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In spite of efforts to speed up the printing of the E.R. chart, the
delay associated with production of the three copies of the E.R. record,
following VMT entry of patient registration data, continued to be a nagging
problem. This aggravation was especially true when several patients arrived
simultaneocusly, causing the emergency room personnel to focus on MIS data
processing rather than on their task of providing patient care. This situa-
tion led to legitimate frustration and negative attitudes toward MIS. These
perceptions negated the obvious positive benefits of ease in charging and in
communicating with other departments.

During the spring and summer of 1974, a new design concept for the
E.R. chart format was conceived, It consisted of a preprinted tri-part form
with a block designed for a label. The label was produced by MIS (in tripli-
cate) and contained all of the registration data (see Figure 2). It reduced
the printing from 180 lines (three pages) to 30 lines (one-half page). It
also meant that a chart was available to begin processing even before the
label reached it in situations where immediacy of care was critical. With the
implementation of this E.R. chart format in August of 1974, MIS became a
viable tcol for the Emergency Room. Frustration with MIS was markedly re-
- duced, and staff now view MIS as an adjunct rather than a hindrance to their
wework.,

S Business Office. E1l Camino Hospital had installed a Business Office
System (BOS I), which was operated by the same vendor, approximately three and
one-half years béfore MIS was implemented., The BOS system included patient.
billing/accounts receivable, payroll and personnel statistics, accounts pay-
able, and general ledger. Thus, transition in the Business Office to use of
the entire hospital information system was relatively simple. As El Camino

v  Hospital departments began using MIS, implementation inveolved the elimination

“wqilkeypunch input to the computer and the automatic collection of charge data
© ‘Ehrough MIS. Correction of charges and entry of cash receipts were handled by
‘one clerk through use of the light pen and keyboard at a VMT. An auditing
procedure was initiated by the Controller to ensure that charges were being
properly collected by MIS and channeled into the Business Office System,

Other Departments., Implementation of MIS in Inhalation Therapy was
accomplished with few problems. With the exception of changes to some ma-
trices, the largest obstacle for Inhalation Therapy was the lack of a dedi-
cated VMT and printer, devices which were not warranted because of this de-
partment's small volume of information processing. While using a printer
elsewhere is not a significant compromise, using available VMT's situated in
other areas 1is inconvenient and occasionally delays entry of data on therapy.

Basically, the same problems existed for the Pulmonary Laboratery,
except that the lack of a printer was more important. At first, the nursing
unit receiving this department's requisition printouts discarded many orders
as scrap paper. This situation was remedied immediately and operations now
are functioning smoothly.

The EKG-EEG Department uses MIS primarily as a source of requisi-
tions for tests and to enter billing data. Results from EKG's include data
generated by the physician reader and the actual tracing. Initially, an
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EL CAMINO HOSPITAL EMERGENCY DEPARTMENT RECORD ROOM ¢
' Mountain View, Ca. 94042
This is te certify that | lwe) the undersigned, consent to the -
adminisrration of whatever anesthetics and the performing of PATIENT NAME:
whatever treatments or operations which may bs necessary of CASE NumBen: 710558
advisable in the opinion of the attending physician. | hereby agree pHYsiclan: FULLER., T. P.. HMD
10 pay for all services and supplies rendersd and authorize release of
ta‘:?dw:;rrtr;atnon necessary to obtain payment 'Iqr services from any BIRTH DATE/AGE/SEX: 01-30./15 &80 M
GUARANTOR:
Signature : : : STREET ADDRESS:
Relationship CITY, STATE, 210; CUPERTINO CA 95014
Witness PHONE:
Physician notified Aurived PATIENT'S ST. ADDRESS: SAME
] ' CITY, STATE, ZIP: - ,
Patient complaint; ¢ PHONE/MAR. STAT: HAR
BROUGHT BY: SELF
PRIMARY INSURANCE: GROUP
Nurses Notes: L e o o ID, GROUP, COVERAGE: NA~
L INSURED/ALTN: PT
cimee oo .. .| SECONDARY INSURANCE:
.. R 10, GROUP, COVERAGE:
. INSURED/RLTN:
_ o ACCIDENT LOCATION:
e . DATE TIME:
empLoyer: CIVIL SERVICE-SECU
Medications: A e e STREET ADORESS: RITY
e CITY, STATE, Zip; MOFFETT FIELD
o e WORK PHONE/S.S .4
resp. re/aLTn D WIFE
} STREET ADDRESS: SAME
- CITY, STATE, ZIP:
HOME PH/WORK PH.: ‘
Ristory, Exam, Diagnosis and Treatmaent/Disposition: ‘
Disposition: 0 Home O Hospital [} Other Time Out
Instructions to Patient:
Form 217 (Rev. 2/74)
. Physician

Figure 2. Emergency Room RecordIShowing Label,
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attempt was made to report abnormality/normality via MIS, It scon became
evident that this information was redundant and so was discontinued. Sending
the reader's findings with the tracing was sufficient, requiring no transcrip-
tion and keeping the two items together.

A format change effected to streamline the work flow in EKG involved
transformation of the requisition into a combination requisition/work sheet.
This procedure results in only one piece of paper per order, routed from the
EKG technician to the physician reader and finally to the patient's chart.

Physicians. The physicians experienced the implementation process as
nursing units housing their patients were started up. Thus, the internists
and general practice physicians were the first to experience MIS. All physi-
cians were trained prior to the beginning of implementation. This situation
proved to be unfortunate in two respects, Because implementation of the
system took much longer than expected, there was a substantial lag for many
physicians between training and actual use of the system. Consequently, the
effectiveness of training, which had already been compromised somewhat by com-
pression of the program to accommodate the physician's limited free time, was
further vitiated by the extended separation of learning and actual use. In
1éddition, due to the many changes which had been effected, the system differed
"in many details from the learning model. Fortunately, use of the system is
’%girly self-explanatory, once the basic concept (which changed little) is
understood. '

‘ As a nursing unit was implemented, support for the physicians was

;provided at peak physician usage times by the vendor representative respon-

" :sible for the physician interface, He was assisted by a physician-consultant
to Technicon., While helpful, this help did not meet all of the needs for

_ support since problems often arose when these people were not available,
forcing the physician to revert to the manual method without a solution to his
problem.

Training updates for the physicians have been carried out by printed
newsletters, graphic displays, departmental meetings, and individual contacts.
In spite of these efforts, physician training on a continuing basis has been
inadequate, As a result of this fact, system developers have realized that
new features must be made available in such a fashion that the physician is
forced to be aware of their existence by tbe design of appropriate display
chains, -

The fact that physicians only used the system for a short period of
time each day tended to extend the learmning period, In addition, the technique
of using the video screen and light pen for writing medical orders required
the physician to somewhat restructure his thought processes. For example, a
doctor may manually write the following medication order:

50 mg Demerol, PO, QID PRN.
With MIS, this order would appear as follows:

DEMEROL, TAB 50 MG, #1, PC, QID, PRN PAIN,



40

The learning experience was further hindered by the existence of dual systems
during implementation, which required physicians to switch back and forth
between new and old techniques, depending on the location of their patients.

Although the option to hand write orders was not made available
originally, early system problems prompted the adoption of this alternative
for those physicians who chose nct to use the system. This alternative con-
tinues to be valuable for physicians who rarely admit patients to ECH.

In spite of this very trying learning environment, most physicians
in the hospital have been willing to use the system for ordering as well as
for retrieval. One of the early improvements, which has been most instrumen-
tal in this success (particularly in Surgery and Gynecology), was the develop-
ment of personal order sets. These order sets are available to the physician
in essentially unlimited numbers. They are stored and readily available for
use in one of two fashions: either by selecting individual items from the set
or by selecting the entire set at one time. One method (i.e., selecting the
entire set) is best for routine treatment of certain problems such as post-
partum orders in Obstetrics. These orders are essentially standard on all:
cases and used as routine order sets. The other method. {(i.e., selecting
individual items) is used in conjunction with a long order set which includes
several choices in- the various categories of orders. For instance, in a
postoperative order set, several diets, IV orders, orders for nursing care, )
and/or medications may be listed. For any patient, the physician is able to %..
select the specific orders that he wishes, thus providing the ability to -
quickly and easily individualize ordering for each patient. It soon was found
that these order sets could be readily developed to cover 90 to 95 percent of
all orders on a postoperative patient, These order sets have been widely
used, and at this time there are some 600 to 650 sets stored within the com-
puter. In additiom to these personal order sets, there are standard order
sets available to all physicians. These sets have been developed for some
areas of Surgery and Pediatrics, but their widest usage has been in the rou-
tine orders for the Cardiac Care Unit and the Artificial Kidney Unit., It is
apparent that extension of such work in these areas could produce decided
benefit in establishing levels of care and standards of treatment for various
disease categories,

In addition to the problems of learning to "write' orders on a VMT,
a second major problem area involved physician interface with the paper chart.
As discussed earlier under Nursing, the traditional format of the chart was
initially changed to present all patient data for a 24-hour period on a single
written report. Because this configuration made correlation over time diffi-
cult, it was soon abandoned and reversion to the old format effected.

Although effort was expended in designing chart documents and coor-
dinating them with hospital and medical staff, the deficiencles did not
materialize until system implementation was complete. While the typewritten
material was basically more legible, line after line of a single size type
seemed to make important results and data less accessible than in the well-
laid-out, color-coded report sheets of the manﬁal chart. This shortcoming was
resolved first by developing formats with clear headlines and introducing
special paragraphing to set off significant data. Efforts were undertaken to
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emphasize important items in the chart and to use standard locations for name
and vital patient data. Data identified as unnecessary were deleted. At the
same time, Technicon developed within the computer system the ability to print
with three different sizes of font and the ability to overprint certain items
to make them stand out. New characters were adopted for the printers, making
it possible to make dark lines and block letters. These changes were intro-
duced into many areas of the chart to highlight important items and also were
incorporated into many requisitions to mark stat. items and items such as
abnormal numerical laboratory data.

One of the most frequent complaints heard concerning the paper chart
was the lack of coler coding. For example, the inability to review changes in
urine characteristic was felt by many physicians to be a severe handicap. The
final scolution to this problem was the development of comparative reporting
for all laboratory results (see Figure A-8 and accompanying text).

Another frequent physician complaint, with respect to the chart,
involved the sheer volume of paper produced by the system, forcing doctors to
pore over voluminous printed output to find important patient information.
-Although a substantial increase in chart paper resulted partly from the addi-
_«ﬁ;on of new documents (e.g., a current orders summary) and through some redun-

[@ancy of data, the primary source of the problem inveolved fundamental format-
.ing characteristics of the computer—produced chart documents. Under the
manual system, daily entries of doctors' orders and medications were written
on preprinted sheets and ancillary results were posted to backing sheets,
usually several to a page. Dajly updating of computerized chart documents,
.héwever, involved production of a new page for each category of data entered.
,'iﬁus medications given, new orders, and various ancillary determinations each
éﬁfect the entry of a separate page into the chart, although the particular

"¢data being reported usually require only a fraction of the 8% by 11 inch page.

Lengthy stays or acute, complex cases quickly produced charts of unmanageable
size. ' .

A number of steps have been taken to ameliorate the dysfunctional
impact of this design characteristic. Patient charts, as they are used on the
nursing units, are "thinned" to retain only the most current and hence rele-
vant data. All of the permanent chart documents that are temporarily thinned
out of the working chart are restored toc the historical chart for its fimal
storage in Medical Records. The new comprehensive comparative laboratory
report eliminates single printout pages for lab tests and displays all lab
results for the last.seven days in one document. After discharge, test
results are reprinted as one continuous summary. This practice substantially
reduces chart bulk for medical record storage.

Another significant problem area involved the video chart. In the .
early development of the system, there were many problems with hardware
reliability as well as many basic software faults such as those affecting
scheduling of medications and laboratory work. These problems intensified the
original distrust for the "black box'" and its handling of orders. Only as the
system has improved to the point where its reliability exceeded that of the
manual system have these fears disappeared.
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Some physicians were alienated by early problems of slow response
and system downs, and reverted to the o0ld handwritten order sheets. Most have
since returned to VMT order.entry as system operation has stabilized. Many
displays in the physician ordering chain had to be modified more than once
before they contained the proper data, in the right sequence, with as few
sequential displays as possible. This type of modification is still going on,
although most of the major changes were accomplished in 1973 and early 1974.

A major achievement in the use of the computer system in the hos-
pital has been the development of the necessary factors for acceptance of the
computer sign-on codes in lieu of signatures on orders entered by the physi-
cian himself through the VMT. Prior to the acceptance of the sign-on codes in
lieu of signatures for physicians, it was necessary to make two programming
changes to realize satisfactory security of the system. The first of these
‘changes involved an automatic sign-off if a physician fails to sign himself
off when he finishes using a terminal, Failure to sign off presents an
obvious opportunity for a breach of security (e.g., unauthorized users could
retrieve data or write orders under the physician's code). Thus, criteria
were developed to automatically sign the physician off the terminal under the
following two conditions of inactivity: (1) a time period of three minutes
without any terminal activity, and (2) a delay exceeding 20 seconds in re-
initiating terminal activity after entering orders. For the latter situation,
the short sign-off time was chosen since it conformed to the normal circum~-
stance under which a physician would use a terminal and walk away without

pressing the "off" bitton, These parameters have been satisfactory for physi- . .

cian usage and have not been inconvenient.

- The other major programming change involved insuring that the physi-
cian selected the correct patient name at-the initiation of the ordering
sequence. Prior to entering the orders into the system, all of the orders and
the patient's name are displayed for review. The concern existed that the
patient's name would not be reviewed at the same time that the orders were
reviewed. This possibility was confirmed after several physicians' inadver-
tently entered a set of orders on the wrong patient. This problem has been
solved by the development of a confirmation dlsplay which requires re-selection
of the patient's name.

Another major area of system development for the physicians has been
the addition of a medical information data base. This data base acquisition
has been a slow and difficult process, primarily from the standpoint of ob-
taining and verifying data as well as developing adequate display techniques
and self-explanatory routes of access. The first category of data to be
developed was the Antibiotic Sensitivity Survey. This survey is maintained by -
the Bactericlogy Laboratory of El1 Camino Hospital and was dintroduced in fixed
displays into the system and updated on a quarterly basis. Further informa-
tion categories have been developed, including Laboratory Interpretation Aids,
which display normal values for laboratory tests and the usual clinical situa-
tions in which these tests may be elevated or depressed. Another form of this
presentation indicates useful laboratory tests by disease categories. In ‘
addition, some work has been done on developing normative information on
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selected types of drug therapy. A small branching program has been developed
for the presentation of nuclear isotope evaluation of thyroid disease. A
heparinization guide and a hyperlipemia work-up information display also are
available. Another major item introduced has been a Surgical Abstract Index.
These abstracts are produced on a commercial basis by two local surgeons who
read and abstract the major articles from eight American surgical journals
each month. These abstracts, with citations, are published monthly on 3 by 5
inch file cards. This data base has been introduced into the computer system,
and currently a total of approximately 2,000 display pages are available. It
is anticipated that approximately two years of these data will be stored in
the system. The data are stored on disk and are instantly available by light-
pen selection.

The system also is used to provide day-to~day information on sched-
uled medical meetings and to convey informatiom to the physician on general
bed availability. 1t is interesting to note that the expansion of the physi-
cians' data base came about largely as a matter of gquid pro gquo. In exchange
for the effort needed to break with the past and to adopt this entirely new’
format for ordering, numerous items have been developed which can save the
chtor s time as well as enhance his practice. As a result of phy51c1an
‘ihteraction with MIS, a number of extensions have been proposed. - Presently
'gﬁder development are additional improvements to the user interface, a diag-
nosis coding system, and a utilization review project.

o The task of continually improving the physician user interface began
before implementation and will continue even beyond the tasks currently en-
visioned. The present set of contemplated improvements was developed through
-a-thorough analysis of the physician interface, which drew heavily on direct
'phy51c1an experience. The analysis pointed up areas where MIS seems difficult
to use., One such area concerns identificaticn of authorship of medical orders
displayed on the VMI. At present, orders displayed on the VMT carry no author-
ship information. This feature can prove frustrating for physicians who use
~ the VMT as a primary data source when several physicians are involved with the
same patient. Although identification of authorship can be made through the
chart, as physicians rely more and more on the VMT ''chart," the need for this
improvement becomes increasingly important. Tc avoid cluttering the limited
display space, identification will be limited to physician's initials.

A second area of improvement involves provision of data in both
chronological and reverse chronological order. MIS was designed to provide
data chronologically; however, in many situations this ordering proves to be
inadequate. Exclusive reliance upon reverse chronological order is equally
inadequate; thus, flexibility must be provided to view the data in either
order depending on the need.

A third area of effort focuses on modification of printouts for the
chart to highlight essential data elements and to de-emphasize material that
is not important'to the physician. For example, necessary identification data
associated with each order will be subordinated while the medical content will

be highlighted.
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The inclusion of automatic diagnosis coding, currently under devel-
opment, was begun as the groundwork for other projects that would involve re-
trieving diagnostic-related data from patient records. After investigating
several options in coding, it was decided that the best coding system for MIS,
at this time, involves coding each diagnosis with H-I1CDA® codes. This coding
is being done in a hospital-specific manner, attempting to capture 80 to 90
percent of all patient diagnoses at ECH.

To assist in meeting hospital utilization review needs and compli-
ance with PSRO" lepislation, a quite extensive utilization review module has
been developed in the system. Utilizing both the batch-processed information
available through the BOS system and the real-time capabilities 'of MIS, this
subsystem can select patients for review, provide real-time assistance in the
review procedure, and supply discharge printouts documenting the utilization
review activity on each patient.

Each day a printout is produced by the MIS system, listing all pa-
tients to be reviewed that day. Patients are included on this list if they
meet any of the following conditions: Admitted the preceding day, current
length-of-stay equals the 50th percentile of the average length-of-stay for
the given admitting diagnosis (based on Professional Activities Study [PAS]
tables), or re-review on this date has been specified by the utilizatien
review nurse at an earlier review. Review candidates are listed by nursing
unit. The following supplemental information accompanies the patient's name:
Patient number, financial class, admit date, sex, age, bed number, actual
length-of-stay, admit diagnosis, physician, and authorized length-of-stay.

The utilization review nurse may then use any VMT in the hospital tc
review pertinent available chart information such as current medical orders,
diagnosis, nursing activity, patient care planning information, and admitting
information. While reviewing each case, she may enter into the system appro-
priate comments regarding her review of the patient in question such as ''pa- .
tient to surgery tomorrow.'" This review commentary is accumulated over all
reviews and may be printed at patient discharge as an appendage to the final
patient care plan. The resulting document, adequate for third party payment
or review, provides:information on patient diagnosis, treatment, course, and -
utilization review -activity. '

Subsequent re-reviews are scheduled at the time of review by entry
of a specific re-review date through the VMT, or are prompted by the automatic
50th percentile of average length-of-stay criteria. It has been found that
roughly 90 percent of the individual patient reviews can be accomplished using
medical information available through the VMT.

Work is also underway in cooperation with a large-scale utilization
review project entitled, Decision Analysis for Concurrent Medical Review,
funded by the National Center for Health Services Research and headed by
Professor Don C. Holloway, School of Public Health, University of California
at Berkeley. The focus of this cooperative study is the development of com-
puterized screening models for automatic selection of review candidates.
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System Support

The implementation of a system of this nature requires three types of
support. The first is support (or maintenance) for the mechanical equipment.
The second is support (or monitoring) of system performance, and the third is
support for the pecple who must learn to use this system and integrate it into
their work patterns. " -

The initial approach to these requirements at ECH involved (1) 24-hour
coverage by "Rounds Technicians' for maintenance (preventive maintenance and
replacement of failed units) of hospital-based equipment; (2) 24-hour on-site
coverage by a vendor rvepresentative for system performance, problems, and
user difficulties; and (3) monitoring of system performance and user problems
by the four members of the hospital Management Engineering staff who were '
responsible for system implementation from the hospital's perspective. Per-
sonnel in the latter category generally were on site during the day and on
call during the evening and night. ' '

In addition, as new units were implemented, special support was provided
by both hospital and Technicon staff as discussed earlier. Physician support
was provided by a hospital physician and by a physician consultant to Techni-

~“con. ' As the implementation began, each department was also supported by the

“Technicon representative responsible for the area in question. .

Because conversion of areas differed in time span and intensity, the
special support was correspondingly different. For example, the support for a
nursing unit involved two people located at the nursing station around-the-
‘clock for one week and one person for the second week. Physician support

O “generally involved a vendor representative covering the daily peak periods of

" physician usage. Support for ancillary departments generally involved cmne
zberson in the area during the first week as the first nursing station was im-
”blementedfand then on call. This support was re-established when a major
change was made during the implementation period.

Since implementation, when a major change is made such as the conversion
to new laboratory programs in late 1974, support is provided for one to three
days over appropriate time periods in the hospital areas involved. The other
categories of support also changed. Toward the end of the implementation
period, the need for the 24-hour on-site support was reduced due to the fact
that the vast majority of the "bugs" associated with the new system had been

“identified and corrected. This support was reduced gradually, first by having
the Rounds Technicians handle users' problems and document problems over the
hours 12 midnight to 7 A.M. This procedure was subsequently extended to cover
the period from 5 P.M. to 8 AM, Although thé Rounds Technicians could not
always solve the nonmaintenance type of problems, these individuals served as
a focal point for documenting problems. By this time, it was apparent that
problems fell into two classes. Some things needed immediate attention be-
cause they represented barriers to essential hospital operation and were
generally related to overall system features. Resolution often required
calling in support personnel to resolve them immediately. Most other problems
could be classed as nonurgent and could wait for resolution until the normal
working day. The support function provided by the Rounds Technicians has
remained nearly constant and continues to serve as the focal point for docu-
menting problems.



46

The support furnished by the Management Engineering staff began to shift
in emphasis scon after implementation had been completed from a focus on
problems and system performance monitoring to a focus on realization of bene-
fits and toward extending the potential benefits of MIS. This shift took
place gradually over 1973-1974. By the end of 1974, the performance monitor-
ing and user assistance functions had dropped from about two FTE's to one-half
FTE. -

System Reliability: Timeliness, Accuracy, and Availability

The attributes eof timeliness, accuracy, and availability are combined in
the user's mind to make up reliability. These qualities are essential if a
system is to operate. in an institution whose product is patient care.

The perception of timeliness is a relative‘bhenomenon. For example,
under a manual system, it could take a nurse 30 minutes to transcribe a set of
orders for a patient who had just suffered a heart attack. Since she worked
consistently for the full 30 minutes, she would most likely feel that the

orders had been transcribed on a timely basis. With MIS, she could transcribef;f"

this same set of orders in five minutes. T1f, however, the system were to be
nonfunctioning for an additional five minutes while she was working on those
orders, her perception of project accomplishment time most likely would include;y -
the delay. Thus, even though the total time was one-third the comparable '
manual system time, she would feel that MIS was not timely. This concept of
timeliness proved to be a significant factor in user acceptance throughout the
hospital. Careful monitoring of system utilization and performance statistics.,
(e.g., volume of users at peak periods and measurement of actual delays in o
~system response) along with careful monitoring of user perception of system
performance over a 20-week period established standards for satisfactory sys-
tem performance. Long-term experience has indicated that a response time of
one second for changing fixed displays and not more than three seconds on the
average for retrieving data are desirable and realistic performance goals.
Historically, these performance levels have not always been met. The initial
hardware configuration utilized an IBM 370/145 with an IBM 360/50 for back-up.
By May of 1972, it was evident that system performance was dropping well below
tolerance levels during peak use periods, particularly 1 P.M. to 3:30 P.M.

The immediate solution involved streamlining of programs. For example, disk
accesses for singlg patient admission were cut in half. It was evident,
however, that even with streamlined programs, the 370/145 was inadequate to
support the hospital. In November of 1972, Technicon converted to a 370/155 -
with the 370/145 as back-up. This changeover has proven adequate for both El
Camino Hospital and a second 270-bed hospital in San Francisco that shares the
same computer.

A second degradation in response time developed as the volume of data
entered into Patient Care Plans increased. By mid-1973, the printing times
had increased from the original 20 minutes to 45-60 minutes. This degradation
in turn slowed all other system functions. Resolution was accomplished by
programming changes made to speed up the generation and printing of reports.
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There are periodic recurrences .of intermittent system slowdowns, which
usually are symptomatic of an undetected problem, sometimes a bug in the soft-
ware but most often a hardware fault. The extent of this response degradation
is extremely difficult to quantify because of its subjective and random
nature. Consistent system monitoring is required to detect this kind of slow-
down, and . only if identified early can serious response time degradation be
avoided. This kind of slowness, when it occurs, causes a high degree of frus-
tration for system users. , '

) b "5 :

Accuracy, another aspect of reliability, has not been a significant prob-
lem area and has represented a point of excellence since system implementa-
tion. While problems do arise, they can be tracked and corrected. The abil-
ity to track a piece of data from start to finish has been the key in devel-
oping user trust in MIS. Studies done by Battelle Columbus Laboratories?®
indicate a significant increase in the accuracy of the handling of physicians'’

" orders, delivery of care, and its documentation in the chart.

A third aspect of reliability involves availability. System "downs" are
caused by software ''bugs," hardware failures, and human/system interactions.
Downs classified under the latter heading are usually a result of computer
‘operator error or nonallowable user actions for which system impact counter-

. - -measures have not been developed. One example of such nonallowable user

! "interactions involved expansion of the patient data base beyond planned capac-
" ity. Each time that capacity was exceed, MIS went "down." The resolution cf
‘this problem was increased storage. Originally, two disks were assigned for

, .the hospital patient data base. In 1973, it became evident that two disks
were insufficient and a third was added.

. To accomplish its task, a hospital provides 24-hour-a-day service. 1In
his setting, it would seem that a MIS system must also be available 24 hours
‘a day. In reality, there is sufficient lull between the hours of 2 A.M. and 4
AM. to provide for an hour of system unavailability, which is used to create
a duplicate set of tramsactions for back-up purposes. Users on the night
shift quickly integrated this period of unavailability into their work pat-
terns. System unavailability at any other time causes delays in patient care.
The following discussion of system availability or "uptime' incorporates this
23-hour system 'day'" as a base line. The history of system reliability can be
easily analyzed in terms of the percent of time MIS is available. Since July
of 1972, looking at 6-month averages, average uptime has risen from 98.9
percent to 99.3 percent. More specifically, in terms of average minutes of
downtime per day, the figures are as follows:

July-December 1972 = 15.18

January-June 1973 = 13.08
July-December 1973 = 10.34

January-June 1974 = 10.62
July-December 1974 7.86

The amount of average downtime varies by shift. For the period July to ‘
December 1974, it was split in the following way: 3.9 minutes for days, 1.4
minutes for evenings, and 2.5 minutes for nights.

-, -
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The freguency of downs is equally significant. Recent historical figures
indicate that MIS is down only once every two to three days on the day shift,
once every five days on the evening shift, and once every seven days on the
night shift. Users tolerate this level of downtime because only rarely do the
downs exceed 10 to 15 minutes. However, when downs are greater than 15 min-
utes and especially if they come at critical times, such as a shift change,
they cause delays in patient care, user frustration, and perhaps overtime.

But in the aggregate, the excellent history of available time has been a sig-
nificant factor in user acceptance of MIiS at the hospital.

The extensivé history of MIS system change at ECH has been a direct
result of (1) the fact that MIS was a developmental system when implemented at
ECH (it continued to be so regarded until August of 1974 when the hospital
formally accepted the system on the basis of a 5-year contract), and .(2) the
desire, as the hospital staff became interested in the system, to extend its
capabilities beyond the original design specifications. Thus, changes repre-
sented necessary correction of operational problems as well as implementation
of new concepts. The distinction between these areas is not always clear. As
mentioned in the introduction to this section, one may view MIS system perfor-
mance from three perspectives: (1) actual operaticnal performance as origi--
nally implemented, (2) performance according to .design intent or specification
(operatlon as its designers intended), and (3) performance of a configuration
which realizes all of the potential capabilities of a real-time total hospital
information system (system extension). Unfortunately, the boundaries of these
three perspectives are constantly shifting, depending on system growth and
viewer outlook.

Since the fall of 1971 when the vendor-hospital relationship was estab-
lished, all requests for changes have been documented. To date, there have
been about 4,500 requests. This number of changes has not actually been im-
plemented because of two factors. Sometimes a request for change has, on
analysis, proven to be unsound, either from the hospital's or the vendor's
point of view. 1In other instances, a general improvement in performance has
eliminated the need for the change. The remaining 3,500 system changes which
have been implemented represent operational problems, design deficiences, and
system extensions. A major number were the direct result of programming
"bugs'" in MIS. This kind of operational problem was very prevalent during
1972 and continued into 1973. By the end of 1974, incidence of program ''bugs”
had fallen to about a dozen a month. New features constantly being added to
the system account for this small, but continued level of "bugs.'" Improve-
ments may contain a "bug,' disclose a here-to-fore hidden problem, or bring
into existence a new problem, caused by the complexity of interaction within
the system. Because changes tended to produce problems, they have been made
on a once-a-week basis. This schedule reduces monitoring for problems and
makes it easier to isolate the source of a given problem.

“ Another entirely different kind of change is represented by normal hospi-
tal growth or modification of internal operations. These changes could be as’
simple as the addition of a new drug to the pharmacy displays, or as complex
as the relocation of several nursing stations. As MIS functions correlate
with the specialty of the nursing unit, unit reorganization involves reorgani-
zation of a number of system control tables. Because of the flexibility eof
MIS, it has not been difficult to accomplish these changés at the desired
time.
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"The last group of changes can be termed refinements to MIS. Again the
scope varies. They can be as easy to accomplish as the reorganization of data
on a matrix to simplify user access, or as complex as implementing a new
Laboratory subsystem. The design philosophy of flexibility, which the devel-
opers of MIS considered vital, has proven to be a significant facter in MIS
becoming a total hospital information system that reflects the hospital
operation rather than a system that constrains the hospital to fit into its

mold.
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. PATIENT CARE BENEFITS AND USER ACCEPTANCE

Hospital-Related Patient Care Benefits

The aspects of the MIS system which appear to have most direct benefit to
the patient are primarily the result of the system characteristics of timeli-
ness, accuracy, data availability, and assumption of clerical tasks formerly
performed by hospital personnel. The first place where the patient benefits
from the system is when he is admitted to the hospital. The admission proc-
ess, although essential for the functioning of the hospital, often is frus-
trating to the patient. MIS makes it easier to gather and process data before
the actual arrival of the patient (pre-admission system), thus shortening the
process. It also makes possible admission of the patient at his point of
entry to the hospital (Admitting Office, Emergency Room, Delivery Room, or
Nursery), and necessitates the collection of data only once (although these
data subsequently will be processed many times and will appear on many differ-
ent forms). Lastly, MIS immediately transmits admission data to appropriate
_departments and facilitates the patient's interaction with departments such as
;ﬂthe Laboratery and Radiology before actually being admitted to the nursing

.station. ‘ -

The physicians' orders, which direct the course of events for the pa-
‘tient's stay in the hospital, represent a second place where patient benefits
are seen. A desirable situation exists when the care ordered by the doctor
-:and the care received by the patient are the same, unhampered by misinterpre-
.tations, transcription errors, and lost requisitions. MIS brings this goal
,.much nearer realization than any manual system can. There is no need to
- transcribe orders with MIS. They are transmitted verbatim to the proper
. location. Nor does MIS lose orders. This aspect has been carefully monitored
and over three and one-half years of operation, MIS has been reliable. Inter-—
pretation errors are reduced because doctors, nurses, laboratory technicians,
pharmacists, and others all work from a common data source. Using this data
soutrce has required standardization of terms. The clarification such stan-
dardization introduces is illustrated by the area of medication schedules.
Consider an order for medication---"every four hours for four days." The
element "for four days' can be interpreted as four 24-hour periods or four
calendar days. If the order were written at 10:00 P.M., a variance of four
doses for the patient could result depending on the interpretation. With MIS,
"for four days" always means four calendar days. Additionally, MIS requires
completeness of orders. This feature means that the physician is encouraged
to clearly document what he had planned for the patient, eliminating errors to
the patient because an order was incomplete,

Another area in which the patient benefits is the timeliness of service.
Patients benefit when orders are carried out promptly after initiation and
appropriate results are available promptly after determination. This capabil~
ity is best exemplified by the order for a stat. medication, which may reach
the nursing unit two to five minutes after being ordered. In & manual system
it would take that much time just to transmit the order to the Pharmacy.
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Patients benefit because information necessary for any member of the
health team to plan and to implement care is available to that member in an
appropriate format. One easily overlooked but essential example is legible,
complete patient identification information. Another example is allergy data.
Allergies to medication are printed along with a prescription, while food
allergies are printed on the Diet Orders List.

While some may feel that accurate charging will increase the patient's
bill, it is our contention that it is to the patient's benefit to be charged
for a service received at the time the service is documented as having been
provided. This accounting is totally feasible through MIS, and thus a patient
pays only for what he receives.

Lastly, the patient benefits as health care personnel are freed from the
need to concentrate time and effort on information processing and instead can
use this time and energy in other means of patient care.

Hospital Acceptance

Nursing -Acceptance and Benefits

Long before the actual implementation of the MIS system at El Camino
Hospital, nurses were interested in its potential and took an active role in
early data gathering and evaluation. During the implementation of MIS, the
nurses played a key role in supporting the system during the trying time when .. ;
problems were great, physicians' support was not strong, and users in the o
ancillary departments were coping with the burden of running a dual system.

It could be said that during 1972 the nurses as a whole were supportive
of MIS. ‘During this time there were no formal polls of nursing persecnnel. To
say that the nurses were supporters is not to say that they were uncritical.
One aspect of their support involved the honest, thoughtful criticisms pre-
sented by nurses which led to many improvements. T

During 1973 the thrust of the benefits realization program (see Nursing
Cost-Benefit Realization in Section 6) involved a detailed analysis of work
changes introduced by MIS or made possible because of the existence of MIS.
Because the objective of the benefits realization phase involved reduction of
the nursing staff, the MIS system was viewed as threatening to nurses. This
perceived threat led to certain amounts of anger directed toward the system by
this group, temporarily reducing the degree of their support,

However, as the benefits realization program was carried out, nurses
recognized that they could continue to provide the same or better care at
reduced staffing levels. This realization coupled with the hospital policy of
achieving staff reduction only through natural attrition seemed to renew the
nurses' faith in MIS. Attitudes once again became positive, and in July of
1974 a poll of 360 nursing personnel yielded 316 responses. Of those voting
yes or no, 92 percent were in favor and 8 percent were negative.
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One of the reasons for this acceptance is thought tc be that nursing saw
the system as their system as opposed to Technicon's system. Another reason
for acceptance resides in the benefits seen by nurses. Some of these were
perceived as immediate benefits, while others were viewed as developmental .
items for the future. MIS benefits nursing in a number of ways. The most
obvious way is the decrease in clerical tasks required of the nurses. Another
way involves the ability to shift more of the clerical tasks to the unit
clerk. This shift is made possible by the decrease in transcription and
reduced requirement for checking the accuracy of orders.

A second area of benefit relates to the greater availability of data.
This data availability pertains to both the printed form and to the VMT. The
printing of patient care plans for each shift makes it possible for the nurse
giving the care to have a copy of the complete care plan. Nurses no longer
are dependent on a Kardex, which often is in use by the nurse transcribing
orders or checking medications.

A third area of benefit arose through the gradual shift in responsibility
to its appropriate location. Because nurses no longer were involved in the
transcription and distribution of orders, questions regarding departures from
expectations were now properly channeled to the respective departments instead
of directed at nurses. The age-old question to nursing, "Why wasn't this test
done?" no longer was appropriate. The nurses' perception of themselves as
care givers rather than as transcriptionists also was a benefit, although for
a time this concept was a source of conflict between nurses and the physicians
who were nonusers of MIS. ‘

_ Nurses benefited by seeing care plans and nurses' notes in a legible
ﬁbfmat. The new legibility socn prompted questions regarding the necessity
and desirability of traditional nursing note content and practice., In the
area of nurses' notes, the new technology helped break old habits relative to
the "how'" and "why'" of nurses' notes. Nurses also saw that MIS had the poten-
tial for helping to solve the data management problems inherent in nurse care
planning. This insight led to a long-term project to develop a care planning
system compatible with MIS. In the process, Standard Care Plans! were docu-
mented for the disease processes and problems commonly seen at ECH. The ben-
efits of changes in nurses' notes and potential capability in the nurse care
planning area have shifted the emphasis in nursing from time-consuming paper-
work to nursing care processes. The potential inherent in these benefits has
only served to increase the support that nursing as a whole affords to MIS,

Ancillary and Support Department Acceptance and Benefits

Admitting Department. The patient registration function was implemented
in toto throughout the hospital in December 1971. Admitting registration
records, patient locater lists, and census reports were utilized by wvarious
departments. After the initial period of implementation, which included
improving system response time during the heavy patient admitting period (1 to
4 P.M.), acceptance by users was good. Faster and easier registration of
patients reduced patient delays and improved the effectiveness of the ad-
mitting clerks. Service personnel were aided by the improved accuracy,
timeliness, and organization of information needed by them.
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Pharmacy. The Pharmacy implemented MIS and a unit-dose medication system
simultaneously. The ability to easily establish unit dose as a by-product of
MIS resulted in good user acceptance. Clarity of the medical order, improved
turn-around time on stat, and routine orders, allergy recognition, and patient
medication profiles enhanced the general operation of the Pharmacy.

Radiology, Nuclear Medicine, and Radiation Therapy. Improved clarity of
medical orders, schedules, and indications were benefits for the radiologists
and technicians, Video access to the patient chart is utilized by radiolo-
gists. The medical transcriptionists benefited from MIS after the installa-
tion of "typewriter' keyboards that allowed them to increase their report
productivity. Their acceptance is good. Some radiologists actively use
standard or normal interpretive statements available through MIS, but others
rarely do. Radiologist acceptance is mixed.

Central Service. Improved clarity of the medical order, improved turn-
around time, and automatic charging resulted in good acceptance of MIS in
Central Service.

"EKG and EEG. Combining the order requisition and the work sheet on a MIS
printout benefited the EKG technician, as did access to patient information.
Acceptance is good.

Dietary. Food service developments and improvements were only partially
implemented. Diet Orders Lists presently are not produced as designed. Con-
sequently, acceptance of MIS is only fair in this department.

Physical Medicine. Improved medical order processing is a benefit to the “
therapist and resulted in good acceptance of MIS. '

Clinical Laboratory. Initially, the Laboratory required additional
clerical labor, both for planned manual entry of results into MIS and in
support of subsystem malfunctions that caused work delays for the first period
of implementation. Automatic interfacing of laboratory test equipment re-
lieved some of the clerical workload, and subsystem design improvements mini-
mized the work delays. Medical orders are more complete, better organized,
and are clearer. User acceptance of MIS is mixed.

Pulmonary Function Laboratory and Inhalation Therapy. Improved medical
order processing, charting, reporting, and charging have resulted in good
acceptance of MIS by these technicians.

Medical Records. Medical Records implemented MIS by utilizing registra-
tion information on all patients as of December 1971 and by using MIS documen-—
tation as each nursing unit implemented MIS through September of 1972. User
acceptance was poor during the first year. System problems and paper volume
vere early factors contributing to negative reactions and were compounded by
insufficient preparation and a lack of understanding of the impact of the
- change. Later, summarized and organized chart documents lessened volume and
audit preoblems, while the results of system studies improved the work flow.

As MIS reliability was established, user acceptance in this department in-
creased to an appropriate level.




55

Emergency Department. The Emergency Department was implemented last and
suffered initially from poor system methodology. To Emergency Room (ER) per-
sonnel, it appeared that their service to patients had been affected adversely
at times because of the system, and initially, user acceptance was poor. The
ER subsystem was improved in 1974 with the implementation of a registration
"label." Presently, user acceptance of MIS is good. '

Physician~Related Patient Care Benefits

In general, physician-related patient care benefits are associated with
the automated information processing attributes of timeliness, accuracy, com-
pleteness, and availability. A second class of patient care benefits derives
from the expanded information base made available té the physician through the
VMT. Physician-related patient care benefits may be categorized under several
headings. : '

'First, the MIS system acts to insure that the execution of orders is more
consistent with the physicians' intent., Orders are more complete because (a)
“-order completeness is a requirement for successful order entry (e.g., a drug
rder without an appropriate schedule will not be accepted), and (b) the
“structure of the system (specifically the Physicians' Master Guide, personal
- ““order sets, and standard order sets) reminds physicians to attend to all
"* " facets of patient management such as activity, diet, and so forth, as well as
to the critical elements of diagnosis and therapy. Care 1s more complete be-
“cause patient care requirements are documented for nursing personnel in indi-
vidual patient care plans. These patient care plans are used as working docu-
fients to insure that a high degree of compliance between 'given' care and .
'intended"” care is achieved.

The marked improvement in the accuracy with which physician directives
are processed implies that care given reflects more accurately the physicians'
intent. Multiple transcriptions and the attending transcription errors are
eliminated, as are problems relating to the illegibility of handwritten
orders. Errors or delays associated with "lost" medication cards or ancillary
requisitions are generally nonexistent. Hourly medications-due lists insure
that scheduled medication is delivered on time, as de the automatic reminders
that print out when scheduled medications are not given or charted on time:
The unit-dose system, which the hospital was able to install without incurring
the typical additional pharmacy labor cost, further reduces medication admin-
istration errors. Finally, documentation of the patient's current orders and
nursing needs on patient care plans which the nurse can keep with her while
delivering patient care reduces the need to rely on memory.

Increased availability of information also is important for improving
compliance with physicians' orders. Each patient's current medical orders are
readily available for viewing by authorized personnel anywhere in the hospi-
tal, Thus, a physician taking calls for another doctor may easily determine
what orders are current for the patient. Laboratory and Radiology staff may
review the patient's current medications to assess their impact upon diagnos-
tic studies. Pharmacists may review the patient's drug profile to ascertain
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potentially dangerous drug interactions. Essential parts of the patient's

chart are "available' to physicians throughout the hospital. They can read

this electronic chart or write orders in it from any VMI. For nursing per-

sonnel, the availability of the physician's current orders is substantially .
improved through hard-copy documentation that they can carry with them (the

care plans and their updates) and the current orders on the VMT.

Finally, significant improvements in the timeliness of information pro-
cessing contribute substantially to increased compliance with physician in-
tent. Doctors' orders entered at a VMT are transmitted instantly to the
intended receivers, whether they be ancillary departments or nursing per-
sonnel. Thus, response to these requests begins sooner. Because of clerical
assists within ancillary departments, work can proceed faster. Communication
in the opposite direction also is improved, and results are returned more
rapidly or therapeutics are instituted earlier. Because results are available
sooner to nursing personnel and physicians, responses to changes in patient
condition can be made sooner.

A second area of physician-related patient care benefits concerns direct”
informational assistance made available to the physician through the VMI's. o
This assistance is available for (a) interpreting clinical results, (b) pre- I«
scribing therapy, or (c} ordering diagnostic tests. '

With respect to interpretation of data, perhaps the single most valuable
development 1is the comparative laboratory report which allows rapid comparlson ,‘"
of test values over time and across categories. Further interpretive assis- a
tance is available through laboratory test interpretation information and data”
- specifying therapeutic and toxic levels of various drugs.

The doctor is assisted in prescribing therapy in a number of ways.
Normal dosages, route, and schedule are present on the drug ordering displays.
Various therapeutic guides are available including respiration therapy, hepa-
rinization, drug information, and current antibiotic sensitivities. Potential
allergy reactions are treduced by associating patient allergy information with
all drug orders in the Pharmacy. The physician alsoc may be aided in his
search for appropriate therapeutics by the extensive "shopping lists" avail-
able at the VMT. For example, the displays list most of the drugs available
in' the hospital formulary, all laboratory tests, radiologic procedures avail-
able, and so on. Assistance rendered in ordering diagnostic tests includes an
extensive array of radiology indications, a radioisotope ordering guide, a
hyperlipemia work-up guide, and the laboratory test information guides men-
tioned above.

Lastly, the system provides a number of assists for physicians in their
practices. These include comprehensive patient insurance and billing informa-
tion, patient lists by physician, patient location information, medical
announcements, office summary of inpatient diagnostic results, a simplified
‘discharge summary, standard’and personal order sets, and a pre-admit ordering
capability. ‘
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The above recounting of what appears to be an extensive set of capabili-
ties having substantial direct or indirect benefits for the physician may seem
to be incongruous with the somewhat less than overwhelming physician accep-
tance discussed in the following paragraphs. This incongruity is thought to
be a function of (a) the rather traumatic introduction to the developmental
system that ECH physicians received, and (b) a general lack of appreciation of
the physician-related patient/practice benefits enumerated above and potential
future physician benefits associated with continued development. Also, it has
been discovered that individual physician acceptance is closely allied with
nonsystem characteristics such as medical specialty, intensity of hospital
usage, and proficiency with MIS.

Physician Acceptance

As discussed under System Implementation, Validation, and Extension in
Section 3, physicians were alienated at first by (a) the system's rather in-
complete state of development initially; (b) the numerous operational diffi-
culties such as "bugs,' downs, user delays, and promised capabilities which
simply did not yet work; and (c) the lack of physician-oriented applications
that as guid pro quo, so to speak, might partially compensate doctors for
breaklng with old habitual routine and enduring the frustration of learning
inew, not yet highly refined ways of computerized medical information handling.

Early in the implementation of the system there were many technical
~ “problems in both hardware and software which have slowly been resolved during
‘:ithe ongoing operation of the system. These problems produced a great deal of
user animosity among the physicians. - For example, it became obvious that any
tesponse time for data retrieval which exceeded three seconds or any response
s vtime for fixed displays which exceeded one second was undesirable. Basic
"« goftware faults which affected scheduling medication, scheduling laboratory
work, and so forth also tended to adversely affect the physician users and
their response and willingness to use the computer terminals.

The concerns ¢f physicians about their interface with the terminals has
been of great interest. There originally was a great distrust for the "black
box" and its handling of orders. Only as the system has improved have these
fears disappeared. Two other points of physician concern are the following.

1. The physician was requested to learn an entirely new technique of
ordering for his patients which initially gained him very little benefit. The
physician normally is not aware of the range of paperwork and paper distribu-
tion which the various staff personnel in the hospital are required to carry
out in order to complete the physician's orders.

2. The physician was required to reorganize his thinking processes along
the line of the computer display sequence. This requirement included learning
the positions of various items in the display chain so that they could be
accessed easily. 1In addition to this new experience, the mere fact of sitting
down to a computer terminal and using the light pen rather than a pencil to
write orders required a readjustment and relearning of thought processes.
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As it has turned out, most physicians in the hospital have been willing
to do this and most of the physicians have quite successfully mastered the
technique of ordering within the system. As problems have been pointed out by
users, the system has been modified to correct these problems and this process
will continue on an indefinite basis. For those physicians who do not desire
" to enter orders through the VMT, the hospital has adopted a policy of allowing
written orders to be handed to the nurse as in the past.

The introduction of the new developmental system sharply dichotomized
many of the active physician staff members into opposing camps---those who
favored continued testing and development of MIS and those who wished to be
rid of it immediately. Those who opposed the new system were particularly
vociferous in their efforts to publicize the deficiencies of the system.
Ultimately, this activity served to focus remedial effort in a healthy way on
the more glaring system drawbacks.

‘Three polls were conducted during the period of system implementation and
validation. These were simple, subjective polls conducted by hospital admin-
istration which sought to gauge the extent of physician frustration or toler-
ance concerning the developmental activity. The first poll, taken just as

implementation was completed in November of 1972 (numerous deficiencies were = ¢

still to be corrected), showed 47.5 percent favoring continued development,
42.9 percent in faver of discontinuing the system, and the remainder express- .
ing no opinion. . Roughly the same split was observed at the second polling in
September of 1973, even though numerous improvements had been carried out. It
has been suggested that perhaps the largest single change influencing greater
physician usage inveolved improving the accessibility and viewing format for
laboratory and radiology results in the VMT's. 1In August of 1974, the third
poll revealed continued improvement: 56 percent voted to keep the system; 35
percent still wished to abandon the project; while 9 percent held no opinion.
For those expressing an opinion, these results translate to 61 percent for the
system and 39 percent against (see Table 1). The reader must be cautioned,
however, against extrapolating El Camino Hospital physician acceptance find-
ings to potential installations of a fully developed system.

Some physicians who were alienated by the developmental experience still
use the system but only in a limited way, for example, for retrieval of diag-
nostic results which have not yet reached the paper chart. It is also 1ikely
that these so-called "limited" users are largely unaware of the extent and
number of improvements made in the ordering capabilities. It is our opinion
that physician acceptance would be considerably more widespread in absence of
the painful developmental experience. This supposition is borne out by the
way in which physicians new to the hospital since the implementation of MIS
learn and use the system quite readily. Perhaps even more important to this
casual evaluation by physicians was the general absence of rigorous evaluation
data citing the benefits and drawbacks of the system. While an interim evalu-
ation project report has been published,2 it is doubtful that many physicians
acquainted themselves with the findings. Secondly, the results of numerous
evaluation studies referred to in this document were not final in nature.
Thus, physicians had little in the way of objective data upon which to base
their judgments.



’TABLE 1

POLL RESULTS OF THE EL CAMINO HOSPITAL MEDICAL STAFT
REGARDING PERMANENT COMMITMENT BY THE HOSPITAL
TO ACCEPT THE MIS SYSTEM (AUGUST 1974)

Total Ballots Mailed: 350

Name of

Department

.. Anesthesia

'Déntistry

. i:General
« o+ Practice

ﬁedicine

--ékﬁstetrics/
. Gynecology

\i§ k@sychiatry
Surgery

*
Miscellaneous

TOTALS

Total Active/
Associate
Members by
Department

59

14
30
48

62
27

22
47
78
22

350

Total Ballots Returned: 263
Voted NO
Voted YES {Not Accept No
(Accept MIS) M1S) Opinion
6
7 4
13 16 .6 -
22 ' 27 2
16 6 2
13 8 0
17 11 1
45 16 3
7 5 1
146 (56%) 94 (35%) 23 (9%)

0f those 240 physicians responding YES or NO:

N o

S

*
Includes Emergency, Pathology, Physical Medicine, and Radiology.
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Acceptance and utilization of the system have been strongly correlated
with physician specialty. The system is best accepted by the Obstetrics/
Gynecology Department. In mid-1974, approximately 90 to 95 percent of all
orders were being written directly into the computer system by the physicians
in this department. Approximately 80 percent of orders from the Department of
Surgery were entered into the computer by physicians in this department, while
only 30 percent of internists' orders were so entered. Over all specialties,
an average of 70 percent of all orders currently are entered directly into the
computer system by the physicians. It should be noted that these percentages
reflect a comparison of handwritten orders versus orders directly entered into
the computer system. Verbal and phone orders are excluded. Separate studies
have been made, however, which show that the pattern of verbal and phone order
usage has not changed before and after the introduction of the computer system.

Another topic pertinent to physician acceptance has been the notion that
the labor displacement impact of the system on hospital staff may affect the
level of patient care. One of the basic criteria for system acceptance has
been cost effectiveness. Analysis of savings projected that the bulk of
anticipated savings would accrue through nursing labor reduction. This con-
cern was also shared by the hospital administration, and cuts have been made
only gradually and with extreme diligence so as not to affect the level of
care. The goal of cost effectiveness has been reached, and substantial ,
nursing staff reduction has been made. Objective evidence is available from
the Battelle evaluation® which indicates that the amount of direct patient
care has not diminished. ‘It must also be observed that neither is there any
subjective evidence to suggest a deterioration in care.

In summary, it is our opinion that even though a substantial number of
the physicians voted against retaining the system in August of 1974, the
system is workable for physicians, but it requires willingness on the part of
the physicians to change their methods. Our principal basis for this opinion
is that more than 70 percent of all orders are being entered directly by
physicians. Another basis for this opinion is that the major users of the
hospital, in general, are also major users of the system.

~ ’
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5. ECONOMIC IMPACT

Introduction

The economic impact created by the introduction of a total hospital in-
formation system into a hospital environment is highly complex and not yet
fully understocd. This phenomenon embraces not only a variety of economic
effects (direct labor, indirect labor, changes in the volume of service units
delivered, cost avoidance, cash flow, material cost changes, and throughput),
but also encompasses a broad spectrum of physical impact points including all
nursing stations, ancillary services, and support services.

The cost side of a cost-benefit balance sheet is usually straightforward
and relatively easy to deal with. However, the accounting of cost benefits is
not as easy. The primary economic rationale for considering such a system is
composed of the following factors: (1) substitution of relatively fixed-price
capital equipment for hospital labor, particularly nursing labor, which has.
risen sharply in cost over the last ten years; (2) production of information
which enhances decision making; and (3) improvements in the quality of care
delivery. The state of evaluation art currently is not capable of furnishing

wmuch in the way of quantitative economic evaluation of the latter two factors.
.With respect to labor displacement, the bulk of this substitution takes place
+in the clerical aspects of nursing activities, which constitute.roughly 15 to

*.25 percent of the average nursing workload in a medium-size hospital. In

ST

particular, through work sampling studies at El1 Camino Hospital, clerical

-activities were found to consume, on the average, 18 percent of the nursing
wunit staff time prior to implementation of MIS. Of the total potential
‘savings estimated for the MIS system at El Camino Hospital, roughly 95 percent
‘represent labor benefits, the large bulk of which arises in nursing. Other
“vareas having significant labor cost benefits include major ancillary services

“(viz., Pharmacy, Central Service, Inhalaticn Therapy, Radiology, and the

Clinical Laboratory), and certain support services (Business Office and Ad-
mitting). The remainder is made up of certain revenue benefits, materials
savings, and minor cost avoidance. Because the labor component of the docu-
mented cost benefits not only is of much greater importance in terms of magni-
tude but also presents a substantially more difficult evaluation problem, the
major emphasis in the analysis of economic impact has been devoted te that
component.

Summary of the FEconomic Impact

The labor cost benefits resulting from the installation of a medical
information system can be measured before implementation by the use of pre-
determined time standards. The result is a measure of predicted time savings
or potential labor reductions. Other methodologies .may be used to measure the
actual time saved after the system is installed and operating for some time,
resulting in measures of realized labor reductions. Whereas the former method
provides a measure of workload reduction, the latter provides measures of
work-force reductions. The latter methodologies also have the advantage of
comparing not only actual staff reductlons to time savings, but they also can
be used to compare actual staff levels after implementation with projections
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of what staff levels would have been if operations had continued under the
manual system., Thus, they can be used to estimate staff increase avoidances
as well as staff reductions, which can be translated into cost avoidances and
cost reductions. : -

Over the 4-year time period during which the study was conducted, it be-
came obvious that no single measure or method of. appraising cost benefits was
entirely satisfactory--—-each had its. drawbacks. To meet the variety of meth-
odological needs outlined above and in consideration of the dynamics of the
benefits realization process, a research strategy incorporating three indepen-
dent perspectives evolved, Each perspective has an associated measurement
model. In addition, while changes in labor patterns over time were measutred
by the three research instruments, changes in hospital diagnostic mix and
patient age were monitored, and the impact of these changes was evaluated with
respect to observed changes in labor. The three perspectives and correspond-
ing models are the following:

e Potential Labor Savings. Methods Time Measurement (MTM)
model comparing the time for performing clerical tasks
of the manual method versus the MIS method.

® Hospital Internal Labor Impact. Comparison of trends in
nursing labor houtrs per patient day and selected ancillary et
labor hours per admission actually expended two years
after implementation with labor hours expected under the
manual system for the same time period. -

® Inter-Hospital Labor Trend Comparison. Comparison of .
trends in dctual nursing labor hours per patient day and
per admission, and selected ancillary labor hours per
admission at El Camino Hospital and at six similar nearby
hospitals during two 18-month periods, before and after
implementation. 1In order to eliminate the effect of
unequal weighting caused by seasonal variations, trends
were computed for the first and last 12 months of the
18-month period, as well as for the entire 18 months.
Accordingly, this model provides a range of cost benefits
resulting from the different time periods and the differ-
ent nursing measures {(i.e., nursing hours per patient day
and per admission).

The monthly dollar wvalue of the labor savings calculated by means of
these models is presented in Table 2. These values represent total hospital
labor savings and include the effect of increasing labor cost and traffic
growth over a 5-year contractual period, from fiscal year (FY) 1975 to fiscal
year (FY) 1979. The table entries constitute the average monthly savings for
this 5-year period. : '

As shown in Table 2, total net MIS cost benefits, after deducting for
system costs, range from -$17,724 to +598,714 per month, with two models
estimating monthly:savings cof $23,668 and $38,969. The difference between the
values serves as a reminder that the true cost benefits of the system lie
somewhere within this broad range. A more realistic but still conservative
estimate is that net cost benefits lie between $30,000 and $50,000 per month,
or between $3 and $5 per patient day.
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NET MONTHLY COST BENEFIT ($ AND $ PER PATIENT DAY)
AS MEASURED FROM THREE INDEPENDENT PROJECTIONS
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Potential Internal Inter-Hospital Labor
Labor Labor Trend Model
Savings Impact
Model Model Minimum Maximum
System Savings
Total Labor Savings MI18)! $ 93,955 $109,256 $ 52,563 $169,001
Total Nonlabor Savings 6,513 6,513 6,513 6,513
(MIS)?
s“iBusiness Office System 13,000 13,000 13,000 13,000
“ Saving52
TOTAL SAVINGS $113,468 $128,769 $.72,076 $188,514
‘:*géMonthly Service Cost
:System Service -5 82,750 ~-$ 82,750 -$.82,750 -$ 82,750
:%dystem Supervision Termi- - 3,750 - 3,75 - 3,750 - 3,750
nal Hardware Support
Material (Printer Paper) - 3,300 - 3,300 - 3,300 - 3,300
TOTAL COSTS -$ 89,800 ~$ 89,800 -$ 89,800 ~$ 89,800
Net Monthly
Cost Benefit
A. Dollars $ 23,668 $ 38,969 -S 17,724 $ 98,714
B. Dollars per Patient s 2,37 $ 3,90 =% 1.77 $ 9.88
Day3 ‘

1 Average monthly savings calculated for a 5-year contract, FY 1975-FY 1979.

2 Evaluated at cost (5—yéar contract, FY 1975-FY 1979).

3 Based on FY 1975 average of 9,994 patient days per month.
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The Potential Labor Savings Model represents time savings resulting from
the elimination and simplification of tasks; hence, this model considers cost
reductions only. The other two models represent comparisons of actual costs
to projections of what costs would have been without MIS; thus, these models
consider both cost reductions and cost avoidances. Since the cost-benefits
realization process occurred over several years, and total staffing levels
reflected efforts to concurrently reduce staff in some areas and minimize
increases in other areas, it was impossible to segregate labor reductions from
‘labor increase avoidances.

The Internal Labor Impact Model nursing savings are based on nursing
hours per patient day. During the two post-implementation years analyzed, the
hospital's length-of-stay decreased by 4.1 percent from 5.08 to 4.87 days.
Thus, savings are more conservative than if the measure of nursing hours per
admission had been used. -

The Inter-Hospital Labor Trend Modellsavings vary widely. Based on the
conservative measure of nursing hours per. patient day, they range from '
-$17,724 to +522,177 per month. A more liberal estimate based on the measure -
of nursing hours per admission results in a savings ranging from $25,719 to
$98,714 per month. 1In both cases, the lower estimates are based on regres-
sions for the first 12 months and the higher estimates are based on regres-—
sions for the last 12 months of the 18-month period, with the regressions for
the total 18 months lying approximately in the middle of these ranges.

It should be noted that the two models using regression analysis did not
project savings based on extrapolation of the regression lines. Rather, the
end point of each regression line was 'used as the starting point for project-
ing FY 1975 - FY 1979 savings. . In the case of the Internal Labor Impact
Model, this point was January of 1975 (the midpoint for FY75), the first year
for which savings were projected. 1In the case of the Inter-Hospital Labor
Trend Model, the end point was December of 1973. For all three models, labor
costs are projected to increase at a rate of 8.5 percent annually for the FY
1975 -FY 1979 period. This 8.5 percent increase is composed of salary infla-
tion and traffic growth. This projection is a conservative figure for the
geographical area in which El Camino Hospital is located. The projected
savings for the two regression models are based on the early post-implementa-
tion periods of two years and 18 months after implementation, before the cost-
benefits realization process had been completed. Thus, these projections once
again are conservative.

To the labor cost benefits must be added nonlabor cost benefits, as
documented under Nonlabor Cost Benefits later in this section, and cost bene-
fits ascribed to the Business Office System (BOS). Because the Business
Office System is marketed separately by Technicon and has, in fact, been
operational at the hospital for a number of years prior to the implementation’
of MIS, the cost benefits were evaluated previous to the initiation of this
study by the hospital and were found to exceed the costs of the system. For
purposes of this analysis, the cost benefits of BOS are equated to its monthly
service cost. '
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Only benefits actually converted to payroll dollars or other cost reduc-
tions were included. Labor time savings which were not realized through pay-
roll reductions, but which were available for enhancement of direct patient
care, were excluded from the cost benefits. Also, no attempt was made to
place a monetary value on the numerous and varied ''value added' benefits, such
as fewer medication errors, reduced incidence of drug allergy reactions,
improved turn-arcund time of diagnostic test results, and so on.

It can be concluded from the data presented in Table 2 and from the con-
servative accounting of cost benefits that MIS has been proven to be highly
cost effective at El Camino Hospital, with cost savings substantially exceed-
ing system costs. It also can be seen that the great majority of savings are
in labor, primarily. nursing labor. Major cost containment also has been
demonstrated, both in terms of El Camino Hospital's cost trends after the
installation of MIS compared to the pre-MIS period, and in terms of compari-
sons with similar hospitals in the surrounding area during the post-installa-
tion peried. These favorable conclusions are supported by the three indepen-
dent analytical approaches. An analysis comparing patient age and diagnostic
mix between E1 Camino Hospital and the similar area hospitals showed no sig-
nificant difference in these factors. Thus, no other external factors, other
than the introduction of MIS, can be found to explain the favorable experience
at El Camino Hospital. Internally, the only major change was the introduction.
f an active utilization review program in conjunction with the implementation,
of MIS. '

It is also clear that the benefits realization phase is a necessary in-
gredient of the implementation process, if cost effectiveness is to be attain-
ced. Further studies are being conducted under separate contract to provide
”more definitive statements of the cost effectiveness of MIS.

o Labor Impact Measurements
While it was apparent early in the evaluation that major 1nvest1gat1ve
effort should be concentrated on the analysis of labor savings, particularly
in the analysis of nursing savings, the complexity of the research task was
increased by a number of complicating conditions and somewhat dissimilar re-
search requirements. Complications included the feollowing factors:

1. The dynamic nature of the svstem over the course of the project;

2. . Exogenous variable effects: occupancy, staffing, and diagnostic
mix; '

3. Determination of the best time point(s) for benefits measurement;
and

4. The lack of quantitative nursing station staffing criteria by

which base-line staffing conditions could be equitably established
(i.e., were nursing staffing levels used in the manual system
analysis at an optimal level and thus directly comparable to
optimal staffing levels which might be achieved under MIS system
cperation?).
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With regard to research goals, a number of considerations pertaining both
to the system itself and to the demonstration project made it extremely desir-
able, if not mandatory, that the appraisal of the economic impact of the
system be made both in terms of its ultimate potential and in terms of those
benefits which had been actually realized at some particular point in time.

, It appeared evident that realization of the system's promise might lag
implementation substantially and that empirical measurements of labor savings
taken in response to investigative research deadlines might fall comsiderably
short of that mark. Subject to uncertainty regarding the realization of
benefits were (1) the system itself, (2} the user, and (3) the "benefits
realization process’ whereby potential labor savings are realized through job
reorganization and staff reductions. It is this '"benefits realizatiom proc-
ess,” separate and distinct from implementation, which undertakes to translate
labor savings spread piecemeal through many employees into full-time-equiva-
lent aggregates or other sizable units amenable to staffing reduction.

Because the system had been conceived and developed largely in a non- -
hospital environment, although with substantial hospital assistance and cer-
tain in-house nursing and medical capability, it was felt that numerous
changes would be required, resulting in a significant time delay before the -
system could operate according to design specifications. These changes in-
volved individualization of the system to El Camino Hospital peculiarities,
changes to rectify problems, and system improvements. Also, with the ex-
perimental nature of the system and the magnitude of the changes to be ef-
fected in nursing job content, roles, and work organization, it was not known
with certainty how rapidly implementation could progress. Consequently, it
was difficult to plan the realization process or to estimate how rapidly it
could progress. In addition, unless the benefits realization process had been
carried out on the units to realize the labor savings through staffing re-
ductions, observations aimed at measuring time savings in information process-
ing might be obscured by changes in idleness, pace, conversation, and so on.
Thus, at the inception of the project, it was uncertain (1) whether savings
would be visible prior to completion of the realization process; (2) what
percentage of the potential benefits could actually be realized; and (3) how
difficult it would be to carry out the realization process.

:
Sl

The initial quantitative research tool chosen for potential labor savings
was the well-known industrial engineering technique of Methods Time Measure-
ment (MTM). Methods Time Measurement is a technique used to measure work
tasks by breaking down activities into small standardized elemental motions,
each of which has a standard time value associated with its performance at a
normal pace. Specific time standards have been developed tc measure clerical
work. Using these standards, clerical work on which the information system
would have an impact was measured as it was performed manually, prior to MIS
implementation and as it would be performed in the computerized setting. The
difference in the workloads (before and after) represents the potential theo-
retical work displacement achievable through the implementation of the system.
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In order to account for the natural growth trend of the nursing workload
(i.e., what would the manual workload have looked like later?), an Internal
Labor Impact Model was developed to project what the expected nursing staffing
would have been under the manual system. In this way, expected staffing could
be compared with actual staffing and the difference between ''what might have
been'" and what actually cccurred could be determined. '

Both the Potential Labor Savings Model and the Internal Labor Impact
Model focused only on El Camino Hospital data. A drawback of these two models
is that they lacked the experimental control of a comparison with similar
hospitals. In particular, while cost changes within the hospital would be
illuminated, possible cost containment effects would not. Thus, for example,
if cost trends in similar nearby hospitals had risen significantly and those
at ECH had not changed, a cost containment effect might have been operative.
Internal studies, of course, would not document this effect, To meet this
need, a comparative study of cost trends and morbidity patterns was undertaken
in six similarly sized hospitals within a radius of 20 miles of El Camino
Hospital.

: To meet the variety of methodological needs oeutlined above and in con-*
sideration of the dynamics of the benefits realization process (discussed in
Séction 6), a research strategy incorporating three independent perspectives
1 evolved. Each perspective has an associated measurement model. In addition,
while changes in labor patterns over time were measured by the three research
~instruments, changes in hospital diagnostic wix and patient age were moni-
tored, and the impact of these changes was evaluated with respect to observed
changes in labor. The three perspectives and corresponding models are as

ﬁéllows:

Perspective ‘ Model
Potential Labor Savings Methods Time Measurement (MTM)
(theoretical model) model of clerical work before

and after implementation.

Hospital Internal Labor Impact Comparison of actual monthly
{empirical model based on nursing and ancillary hours
nursing labor hours per patient expended two years after im-
day and ancillary labor hours . plementation with labor hours
per admission) expected under the original

manual system.

Inter-Hospital Labor Trend Comparison Comparison of trends in ex-

(empirical model based on nursing - penditure of nursing and an-
labor hours per admission, nursing c¢illary labor hours of six
labor hours per patient day, and similar nearby hospitals and
ancillary labor hours per El Camino Hospital for two
admission) : . 18-month periods, before and

. after implementation.
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Two criteria, labor hours per admission and labor hours per patient day,
were used across and within models. From an economics standp01nt the crite-
rion of labor hours per admission is attractive because it represents cost per
unit of output, and presumably, the proper output variable for a hospital
should be well bodies rather than the number of sick ones currently "in
process.' However, there are conditions under which use of labor hours. per
admission is less appropriate. This situation may be the case, for example,
when the denominator of the ratio differs considerably for the comparative
data or when the trend of the denominator so varies. Thus, when measuring
changes in productivity under conditions wherein the base-line variable
changes in value, care must be taken to make certain that the difference in
the value of the ratic does not result from a change in the base line rather
than through variation in the wvariable of concern.  Thus, nursing hours per
admission could decline simply because of an increase in the number of admis-
sions. If. the increase in admissions, in fact, did not increase the nursing
workload (e.g., patient days declined in balance to the marginal increase in
nursing workload---this situation could be achieved through a reduction in
length-of-stay), then the ratio of nursing hours to admissions would not be a
.good indicator of nursing productivity. Under these conditions the ratio
might measure changlng conditions more accurately than the variation in the
product1v1ty of nursing labor.

If the effects of the impact of increasing admissions on nursing labor
were known in a quantitative fashion, then one could separate the comporent of
change associated solely with exogenous variation (e.g., length-of-stay) from
the change in the productivity of nursing labor, It is known that the effect .
of increased admissions on nursing labor is pronounced, i.e., for each new L
admission there is a substantial amount of labor associlated with that ad- e
mission on' the nursing unit. Specifically, the admission sheet must be com- '
. pleted; the Kardex must be set up; bed tags and allergy tags must be com-
pleted; the chart must be set up; admitting vital signs, height, and weight
must be obtained; and a nursing history and physical examination must be
taken. Furthermore, the patient must be introduced to the unit and nursing
personnel must become acquainted with the patient's individual needs', mental
condition, and family relationships. All of these "one-time" patient care
elements require considerable nursing labor expenditures. It is also well
known that the intensity of nursing care generally is much higher in the first
few days following admission than during the tail end of the patient's stay.
A reduction in the length-of-stay with a corresponding increase in admissions
results in replacing patient days that require less nursing time with patient:
days that require more nursing time, thus adding substantially to the work-
load. Thus, although it is apparent that increasing admissions contribute
substantially to the nursing workload, resources have not been available to
quantitatively .document the extent of this phenomenon at E1 Camino Hospital.

To deal with this situation, it is helpful to utilize the ratio of
nursing hours per patient day. Under the conditions experienced in this study
(viz., rising admissions and relatively stable patient days), nursing hours
per patient day can be used as a lower bound in the measurement of changes in
nursing productivity. This ratio errs on the conservative side in two re-
spects; (1) it underestimates increases in productivity by entirely ignoring
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increased workload due to increased admissions; and (2) it is likely to be
biased on the high side under conditions of declining patient days (true for
1973 and 1974),. since declines in nursing hours usually will not keep pace
with the drop in patient days. Thus, the actual change in nursing labor pro-
ductivity lies somewhere between the values measured by the two criteria,
probably towards the nursing hours per admission end of the range.

However, the situation with respect to the measurement of productivity
changes in ancillary labor is quite different. From research on the distri-
bution of ancillary services across patient stay conducted by the Battelle-KMB
team in 1971 and 1972,1 it is known that roughly 75 percent of all ancillary
services at El Camino Hospital are delivered before the fifth day of stay.
More specifically, it was determined that approximately 35 percent of all
ancillary services are delivered to the average patient on the first day of
stay, while only 5 percent are delivered on Day 5. Thus, the intensity of the
ancillary workload is seven times greater for a Day 1 patient than for a Day 5
patient. Hence, a reduction in length-of-stay will effectively replace
patient days corresponding to Days 5 or 6 with new admissions who require
seven times more ancillary services on this-first day. Using the distribution
of ancillary service by day of stay as developed by .the Battelle-KMB team, it
was estimated that the 5 to 6 percent increase in admissions experienced in
the 1972-1974 period would produce an increase in the overall ancillary work-
load which exceeded the proportionate increase in admissions. That is, it was
estimated that the ancillary worklocad increased more than.the corresponding 5
to 6 percent increase in admissions. Because of this, it may be concluded
that the ratio of ancillary hours per admission validly represents changes in
ancillary productivity. Clearly, the measure antillary hours per patient day
would be inappropriate. ’

Lastly, it should also be pointed out that the cost benefit of a partic-
ular total hospital information system cannot be indicated by a single disf
crete value, but rather is represented by a cost-benefits range. Relative
position within that range is a function of a number of variables including
the service characteristics, of the institution, the nurse staffing policy,
top administration management style, the length of time the system has been
operational, the attitudes of department heads and staff, system acceptance by
physicians, the level of effort devoted to realizing benefits, and the methods
used to measure benefits.

‘ Before proceeding to a discussion of the models and accompanying results,
it is important that. the reader understand the nature of the labor savings and
particularly the process whereby these labor savings are realized. Tt may be
helpful in understanding the derivation and measurement of system labor sav-
ings to look at these potential benefits from another point of view. Labor
- benefits can be categorized into three classes: (1) those which "fall out"
automatically; (2) those which require explicit effort (the "benefits realiza-
tion process") on the part of management to convert potential benefits in-
herent in the system to actual realized savings; and (3) "spin-off" benefits
which are made possible as a result of implementing the system, but which are
not integral to the system.
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Classification of beneéfits in this way provides a convenient mechanism
for placing end points on the range of system cost benefits. The lower bound
is represented by measurement of the set of "fall-out" cost benefits which are
available with little or no management effort beyond completion of the imple-
mentation process. It should be noted parenthetically that the installation
(excluding development) cost of a sophisticated total hospital information
system likely will range from $100,000 to $300,000. These costs do not
represent out-of-pocket expenditures but rather '"opportunity costs" associated
with time spent by employees to implement the system, evaluated at the cost .of
labor expended. An upper bound on cost benefits is provided by the sum of (1)
"fall-out" benefits, (2) benefits which arise out of an explicit benefits
realization process, and (3) implementation of 'spin-off" cost-saving poten-
tial. This sum perhaps is better described as a goal rather than an upper
bound. '

Certain cost benefits fall out automatically with the physical Iimplemen-
tation of the system and require little or no effort or involvement on the
part of management to effect their realization. An obvious example is the
elimination of keypunchers who formerly translated charge slip information .
into machine-readable format. Also included. in this category are other labor ..,
savings which, while not involving the elimination of a full staff position,
nevertheless constitute easily discernible and well-defined work reductions
which can be converted to savings. Obvious examples are the work reduction
associated with the admitting process and automatic production of a medica-
tions supply list for a pharmacy unit-dose system. On the nursing floors, if
the implementation has been carried out capably and if the system has suffi-
cient labor savings potential, a certain amount of savings should accrue in an
implicit manner, even without an. explicit benefits realization endeavor. This .
savings will show up more readily in a situation where close correspondence ;f
between workload demand and nursing staffing levels has already been achieved.
Nursing labor savings which accrue naturally without the aid of an explicit
realization effort will enable nursing more effectively to meet peak workload
demands. . '

!

In the nonlabor area, cash flow improvement, late charge elimination, and
lost charge reduction (for those who consider these results to be cost bene-
fits attributable to the system) all arise with little realization effort.
‘Material savings in terms of forms cost also fall out automatically.

The second class of potential benefits can be described as those which
entail explicit efforts on the part of management to convert the potential
benefit to realized savings. These potential time savings constitute the
large reduction or bulk of labor savings on the nursing units. After imple-
mentation and stabilization of the system, work content reduction or dis-
placement benefits are available to users as they become adequately familiar
with the new operational procedures. However, these labor savings. consist of.
bits and pieces spread among different skill levels (RN, Ward Clerk, and Aideé)
and across three shifts. In order to realize these savings in terms of
reduced staffing requirements, they must be aggregated and released. The
process whereby this is accomplished has been termed the "labor benefits
realization process.” :
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The labor benefits realization process is a unique endeavor, quite sepa-
rate and distinct from the implementation process, but equal or greater in
importance., It is this task which undertakes to translate potential labor
savings spread piecemeal through several hundred employees across three shifts
on the nursing stations into aggregate amounts amenable to release as partial
or whole full-time equivalents (FTE's) for cost reduction or to release to
other nursing unit uses for improved service. Thus, the actual realized
savings which result from the benefits realization endeavor are a function of
both the work content reduction potential inherent in the system itself and
the success of the realization endeavor. The latter depends on the degree of
imagination, effort, and sensitivity with which the program is conducted as
well as on the attitude of department heads and administration toward change.

Another source of benefits which may be labeled '"coincidental methods

improvement" can be distinguished as also being asscciated with the benefits
realization process. During the reorganization ¢f the work content on the
nursing units, there exists the opportunity to achieve work methods improve-
ments in areas related in a peripheral way to the information system. These '
benefits are associated in the sense that the work content reorganization on
_the unit affords an opportunity for the recognition and introduction of work
fmethods improvements which might otherwise have been difficult or impossible
,‘f detect and carry out, without the existence of either (1) the system or (2)
“‘the benefits realization process.

m

Because the results of the benefits realization process are so heavily
.dependent upon nonsystem parameters, attribution of cost benefits to the
“'proper source represents a considerable challenge. The 'coincidental methods
mprovements” mentioned above represent only part of the industrial engi-
_eéring activity which may be involved in realizing the cost benefits inherent
AT the system. Other work method improvement efforts (1) may be necessary to
“fealize certain benefits, or (2) may facilitate overall bemefits realization.
Thus, it becomes very difficult, when attempting to evaluate cost benefits
arising out of the benefits realization program, to distinguish whether re-
sulting savings are ascribable to the system or whether a good deal of them
reflect industrial engineering methods improvements which could have been
accomplished without the system. For example, in order to realize substantial
nursing savings, it probably will be necessary to implement a dependency
(acuity) staffing system to better mesh workload demands and nursing staffing.
Such industrial engineering improvements tend to reduce inefficiencies in-
herent in the manual system.

~ The third category of cost benefits represents spin-off labor savings
developments which are enabled by, but not integral to, the system. A prime
example of this sort of cost reduction, which has been carried out at ElL
Camino Hospital, is illustrated by the closing of the Admitting Department
during the evening and night shifts. This achievement was made possible
because the patient admission process ‘can be accomplished at any one of the
50 some system access terminals scattered throughout the hospital. Another
example is furnished by cost-avoidance savings associated with the implemen-
tation of a unit-dose system at the hospital. Implementation of a unit-dose
system concurrent with MIS implementation can be accomplished without sub-
stantially increasing pharmacy staff. Under a manual unit-dose system, this
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additional staffing requirement for a hospital such as ECH is estimated to be
five FTE's. A third important example relates to potential savings from
reorganizational changes which may be possible with such a system. As a
substantial reduction in required clerical activities is realized for the head
nurse, the possibility of enlarging the responsibilities of this position to
cover perhaps more than one unit or shift can. be considered.

The importance of the benefits realization phase cannot be overemphasized
for this kind of system. Experience at El Camino Hospital demonstrated that
after implementation, but previous to inauguration of the benefits realization
phase, the extent of clerical work actually increased from its pre-implementa-
tion level. Nursing personnel had learned to use the system (i.e., to operate
the system), but nursing work patterns and roles had not yet been reorganized
-so that the potential labor savings could be realized.

Potential Labor Savings: Theoretical MTM Mode! of Clerical Work Before and
After Implementation

The potential labor savings model served to build up an estimate of b
savings using detailed data based primarily on Methods Time Measurements. The:. -:
methodology separately estimated a number of elements of the total potentlal
savings:

1. Potential nursing labor savings resulting from

a. direct work content reduction, and _ .
b. asso¢iated work methods improvement; . Ch e

2. Ancillary and support areas direct work content S
reduction; and

3. Other incidental labor savings in

a. work content reduction in ICU/2 North, and
b. additionazl unit-dose spin-off savings.

The development of potential cost savings estimates for each of these elements
is detailed below. e

Nursing - Predicted Potential Labor Savings. Development of the theoret-
ical labor savings potential of the MIS system due to work displacement was
based on Methods Time Measurement standards particularized for medical cleri-
cal activities. Master Clerical Data (MCD) aggregate time standards as pub-
lished by Birn, Crossan, and Eastwood? and based on Methods Time Measurement
(MTM) data were used as standard time building blocks. This work was carried
out in 1971-~1972, and developed potential labor savings projected over a 5-
year period corresponding to the 5-year contract for the system.

The procedures followed in estimating the labor savings potential
consisted of the following eight steps:



First, each information processing activity affected
by MIS was described in detail as it was performed

manually before implewentation of the MIS system, and
then as accomplished using the system. This step was

- executed by interview and observation and was subject

to changes as the system was modified over the imple-
mentation period. Examples of the summary descriptions
are presented in Table 3.

Then, for each affected activity identified, detailed
descriptions were developed of the precise work motions
involved under the manual method in the activity for

each skill category (RN, LVN, Ward Clerk, and Aide).
Discussion with nursing unit personnel provided a "model"
or average description of the motions involved in each
specific activity. These model descriptions then were
modified accordingly for specific personmnel (e.g., a
clerk and a staff nurse might on occasion perform the .
same task but generally their "home work station” or o
starting location would be different). Such descriptions
also were altered for variation in the physical configu-
ration of nursing stations. The work motions were sum-
marized on. Standard Time Work Sheets such as the one

shown in Figure 3,

Master Clerical Data time standards were applied to

the detailed work motions listed on the Standard Time
Work Sheets., The clerical time standards were applied

to the descriptions by a qualified standard time analyst.
These then were reviewed by persons familiar with the
nursing procedure and frequently revised to assure that
the standard time and motion data applied were appropriate
to the movements. Time values were expressed in terms of
Time Measurement Units {TMU's), where one TMU equals 0.006
minutes. '

The data from the Standard Time Work Sheets were summa-
rized for each function on Function Analysis Sheets as
illustrated in Figure 4.

An occurrence factor was determined for each subactivity,
which specifies the frequency with which the subactivity
occurs within the work unit. Because a particular activ-
ity might be done by any of several capable personnel,
occurrence factors by skill were developed based on sam-
pling or aggregation of individual estimates where neces-
sary. Data from which the required occurrence factors

were developed came from the following general categories

or a combination thereof: hospital statistics, department
reports, counts of forms used, patient chart analysis,

- tallies, statistical samples, estimates, and surveys of

stated practice. Patient chart analysis involved review

' of randomly drawn patient charts (cluster sampling) to

75



76

enumerate frequency of occurrence of information process-
ing items such as, "the number of laboratory orders per
order set'" or "the number of medical orders per order
set," and so forth. Estimatés were used as little as
possible and were based on numerous opinions. Surveys
of stated practice were used primarily to develop an
"average' method of a procedure where variation .in
information processing activity was prevalent. The
product of the standard time and occurrence factor for
each subactivity yielded the required time per unit of
work for the subactivity. These figures were summed by
skill classification to yield standard time per work
unit for each job title. A 20 percent time allowance
was built into each information processing function
standard to covér personal time, rest periods, and
minor unavoidable delays. In addition, a nursing labor
productivity factor peculiar to that nursing unit was
included in the development of the required standard
times. For example, if the measured productivity factor
for a given unit was 70 percent, a task requiring 1.0
standard minutes would normally require 1.43 minutes of
labor on that unit. The measured labor productivity
factors used were those calculated by the Commission
for Administrative Services in Hospitals (C.A.S5.H.)
hospital labor productivity measurement system.

In addition to the actual time requirements per work unit,
the calculation of total labor savings requires a measure
of the number of times per year each affected function is
performed. These estimates, denoted as "traffic," were
developed separately for each nursing station and by shift
for each affected function. Figure 5 is an example of one
such-Traffic Sheet. Determination of traffic data was
accomplished by utilizing techniques similar to those used
to develop occurrence factors.

All of the steps. to this point were repeated for each
affected function, with estimates under both the manual
system and under MIS. The information was summarized at
the bottom of the Function Analysis Sheet shown earlier

in Figure 4.

To summarize data across functions and tec translate the
estimates into full-time equivalents by nursing station,

by shift, and by skill, a work sheet such as that shown

in Table 4 was prepared. In this work sheet, each affected
function was listed, and estimates of time requirements and
traffic were entered by nursing station, by shift, and by
skill. Time savings were determined as the difference be-
tween.the.manual and MIS times, multiplied by the traffic .

and totaled over functions. .These estimates then were

converted to full-time equivalents as shown at the bottom
of Table 4.

-
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TABLE 3

ABBREVIATED DESCRIPTION OF
COMPARABLE NURSING INFORMATION PROCESSING FUNCTIONS
BEFORE AND AFTER MIS IMPLEMENTATION

FUNCTION NUMBER AND TITLE (NURSING!

1.1 Initiate Chart and Rand File

Manual Get Addressograph plate and stamp eight forms; date nurse's notes, medication sheets, and graphic sheet,
MoLhod write name and room pumber on nursing history sheet; prepare chart and bed identification tabs; write
heodings and allergy data on Rand card.

1.1 Iniriate Chart
MIS Receive typed list of patlents to be admitted. Assemble four Forms. graphic sheet, MD progress notes,

MeLhod nursing hiscory sheet, valuables sheet, Remove admission notice from printer, print chart identificacion
tabs. Label each form with preprinted gummed patient ID label. Enter nursing.hlstory data via VMT,

3.2 Discontinue Medication Orders

Manual Write discontinued on medication sheet, cross through medication on Rand file, tear up card and discard.
He Lhod

3.2. Discontinue Medication Orders

MLS MIS system deletes order from Medications Due -List. Pharmacy Department receives discontinuance
Method order,

LR N
.

11,0 Set Up, Give,and Chart Unscheduled Medications

T
}TManuul Check medication card against Rand flle, 'check medication sheet in chart for last time glven, preparc
Ceatlethod medication, administer medication, annotace medicatien sheet In chart, document nurse's notes,

Set Up, Give,and Chart Unscheduled Medications

CMIS Check Parlent Care Plan or check video retrieval for last dose and time given., Prepare maedication at
Mathod unit-dose cart. Administer medication, annotate Patient Care Plan. Chart given and observations at
YMT. . ‘
®
L
[ ]
15.1 Process Discharges
Manual Stamp discharge form with patient's Addressograph plate, check discharge box, cross off name in Diet
Method List and write "home"; vecord time when patlent leaves and slgn discharge Eorm, call Admitting te
advise them of discharges, write credit slip for unused suppliles.
I5.1 Process Discharges
M1S Admitting Department notlfied by discharge notice upon entry of discharge order. Aucillary depatt-
Method ments teceive discharge notice. Enter discharge nursing data into MIS.
[
[ ]
[ ]

21.0 Handle Interim and Patient Data Summaries

Manual No comparable information processing function existed under the manual syscem.

Method

21.0 Handle Interim and Patient Data Summaries

MIS Remove daily summary nursing vecords and nursing nores frem printer; separate. Insert in chart under
Method proper section. Remove interim summary from front of chart; discard.
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STANDARD TIME WORK SHEET

FUNCTION TITLE

INITIATE CHART AND RAND FILE

[ ] Mis-1

SHEET 1 OF
PREPARED BY

FUNCTION NO. 1.1 DATE . 2/28/72 [ SSUE E. W. Bush

CONDITIONS:

’7 ELEMEI\fT T™U STD.
STEP | CODE DESCRIPTION ELEM. | STEP | MIN.
5 HAND WRITE HEADINGS ON RAND CARDS

(DOUBLE AND SINGLE)

RAND CARDS WITH FORMSET PRE MADE UP - '

AND ON DESK IN FRONT OF CLERK
HGP PAOl | GET AND SET ASIDE PENCIL 46
HGP $SS01 | GET RAND CARDS INTO POSITION ON TABLE 19
HGP AS01 ADDITIONAL CARD 15

ON DOUBLE CARD

WRITE OCCUPATION

EXAMPLE: "ENGINEER, MECHANICAL"

HWR RLPO2 2 CHARS. x 23 46
HWR LPO1 16 CHARS. x .18 288

| WRITE AGE
HWR WDO01 2 CHARS. x 18 - 36
WRITE NAME
EXAMPLE: "PATIENT, MR. LARRY"
HWR LP02 3 CHARS. x 23 3 69
HWR | LPO1 11 CHARS. x 18 198
HWR WPO1 3 CHARS. x 15 45
WRITE ROOM -NUMBER
FXAMPLE: "203B"
HWR LPO1 1 CHAR. x 23 23
HWR WDO1 3 CHARS. x 18 54

Figure 3. Standard Time Work Sheet.




INFORMATION PROCESSING FUNCTION:

Process Dlscontinued Medication Orders

WORK UNIT DEFINITEGN:

Single Discontinued Medication QOrder

DEPARTMENT: Nursing FUNCTION NUMBER: N3.2 EXPECTED GROWTH RATE PER YEAR: 2.2 Percent
WDRK STATION: All Nursing Srarions ) '
MANUAL METHOD MIS METHCD
Joa TIME J OCC. | MIN/ JOB TIME | O0CcC. | MIN/
STEP| TITLE DESCRIPTION {MIN}{ FACT JUNIT STEP | TITLE DESCRIPTION (MINY] FACT | UNIT
1 Ward Get. patient's chart, remove green flag and DC of medications is handled through
Clerk | read order. Time included in N2.0. physlcians orderlng as in Function 2.0.
(Process Medical Orders) No longer done by nursing unless enter-
' :
2 RN Gec patient's chart, remove green flag and ing orders for MD's. Delimiters on
. orders and finite schedules cause auto-—
read order. Time included in N2.0. matic DC of orders
(Process Medical Orders)
3 Ward Give charr to RN to wrire "discontinued" .25 .66 .17
Clerk | on medication sheet. Occ. Fact: (S5.5.P.) B
4 RN Open chart to medication sheet and write .35 1.00 .35
"discontinued."
5 Ward Cross through discontinued drug on Rand. .96 .66 .63
Clerk Occ. Fact: % of time deone by WC (S.S.P.)
6 RN Cross through discontinued drug on Rand. .96 ) .34 .33
Occ. Facr: 7 of rime dome by RN (5.5.T.)
7 Ward Tear up medication card. .74 .66 .49
Clerk Occ. Fact: % of time done by WC (S.S5.P.)
8 RN Tear up medication card. A .34 .25
Oce. Fact: Z of time done by RN (5.5.P.)

SUMMARY - MANUAL METHOD

Standard Min./Work Unit
Summary by Job Title

Nursing Unit
Productivity Factor

Standard Min. Actually
Required/wWork Unit

SUMMARY - MI5. METHOD

Standard Min./Work Unit
Summary by Job Title

Productivity Factor

Nursing Unit

Standard Min. Actually
Required/Work Unit

Clerk 1.29 .73 1.77 Clerk 0 .73 0
RN .93 .73 '_ 1.27 RN 0 .43 0
Ist Shift 2nd shife 3rd Shift Total
Traffic Time Savings Time Savings Time Savings Time Savings
Time % of % of % of % of
Savings = No. of Work Minutes/Shift Rel. All Minutes/Shift Rel. All Minutes/Shifg Rel. Al Minutes/Shift Rel. Al
E Units/Shift Rank Shfr Rank Shft ) Rank Shft Rank Shfr
Std.  Min/ (staff positions Al Sav-  (staff positions All Sav=  (staff positions Sav-  {staff positions All Sav-
Work Unit Shift per shift) Shfts ings per shift) Shfts ings per shift) Shfts ings per shift) Shfrs ings
WC RN/NA 1Ist 2nd 3rd We RN/NA WC RN/NA WC RN/NA WC RN/NA
1.8 1.3 427 253 17 769 551 455 129 31 22 1,255 902
(.0068) (.0049) (.0040) (.0029) (,0003) {.0002) t.0111) (.00R0)
NOTE: The net time savings in this example include a productivity factor applied to the individual

function vhereas Table 4 has rthe productiviry Factor applied to the sum of all Funcrions.

Figure 4. An Example of Analysis of Work Content Reduction.

6/
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TRAFFIC N

11.0

Number of Administrations of Unscheduled Medications
by Nursing Station for the Base Year (Fiscal Year 1972)

Nursing Station ° Shift | Shift 2 Shift 3
1 South 1,691 1,691 0
2 North 3,907 3,004 500
Maternity 25,076 19,282 1,928
Nursery 3,535 964 0
2 Fast 14,919 8,849 585
2 West 14,986 | 8,888 587
Pediatrics 4,999 3,326 1,105
3 West 16;694 9,902 655
4 West 116,739" 9,929 2,340
ICU | 3,390 3,048 677
ccu 2,988 2,687 596
TCU 4,559 4,099 910
5 East 20,555 12,192 806-
5 _West 14,631 8,678 574
6 East 14,381 8,530 564
6 West 12,270 7,278 481

Figure 5. Example

of Traffic by Nursing Station and Shift.

-------




ANNUAL TIME SAVINGS (MANUAL VS. MIS METHOD) BY INFORMATION PROCESSTNG FUNCTION
ON A TYPICAL "MSO" NURSING STATION (6 WEST)

Ist Shifi 2nd Shift 3rd Shift Total
Hanual MIS Time Traffic Time Savings Time Savings Time Savings Time Savings
Me t hod Method S5avings = No. of Work Hinutes/Shift % of Minutes/Shift % of Minutes/Shift % of Minutes/shift % of
i i L . o R o Rel. (A1l
Std. Min/ liStd. Min/ |(Std. Min/ Units/shife {stall pusirions Rel. {lst (sraff positions Rel Znd {staff positions Rel 3rd (staff posilions el !
vork nit |Mork unit INork unit Shitt X shiky) Rank |Shft hifu) Rank |Shft roshifr) Rank |Shft r shift) Rank | Shft
ar nt or " or n ! per Shire Ist Sav- per =ht 2nd Sav- per =hitt) | ird Sav- per shi At Sav-
Wwe [RN/NA|| we [RN/NAJ| we RN/ZNAY 15t 2nd] 3rd We RN/NA  IShifL]ings WC RN/NA " |Shift]ings we RN/NA  |ShiFc|ings WC RN/NA | ShFes|ings
l'ldL:;;é Chart Yo slo.oo || 4.9lz.19 || 5.0 2.19+ 6] 28| 238 || swae | ey | 16 |iass|| 1847 | (210) 1.20 B9 16 |tz w991 Lasin | 20 Y13
ane L04 | (.01) o2 | Con .a1 05 1 o
) .
1.2 Add Blauk c.0|1.87 [ o.0f1.34 || 0.0} .s3)l o] olizes D 0 0 o ] 4104 5 |8.84 4104 17 ]1.3n
Forms Lo Chart
.Q4 .04
1.3 Hake Up New || o1y o5 1 0.0f0.00 || 0.0|1.95]] - o] o302 0 0 0 0 2539 7 |s.47 2539 | 25 |[o.8s
Paclent Formset '
.02 .02
™ !
®
L]
20.0 Process 19 12 :
(D Process 0.008.25 || 0.0]7.56 || 0.0} 0.00 | 13 11 0 59 26 |0.04 0 59 26 |0.06 176 32 |o.06
Incident Rprs. 0 o o
20.0{c) Process 7 19
Tnc ident Rpes. 0.018.78 {f0.0]7.59 || 0.0]0.00 13 58 23 10,13
(night) 0
71.0 Handle In-
terim & Pardienr 0.0|0.00 0.6]0.00 ||(0.6)] 0.00 kYﬁﬁ (4B79) (B674) | (44292}
Dara Summaries (.0%) (.08) (.04)
21.0(b) Haudle —1
Tnierim & Tt. 0.0f0.00 || 0.5]0.00 [J¢o.5) 0.n0 7744 (3795}
Data Sum.(eve.) (.03)
21.0(c} Handle .
Tnterim & Pt. 0.0|0.00 Q.0}0.58 0.0 (0,28 7744 {4492)
Dara Sum.(ngt.) (.04)
TOTALS 66,964 00,466 28,312 65,683 07,332 95,276 219,4K1
163,430 99,995 3ba, 797
Footnotes: LVN's are included in RN/NA. Net Minutes LY
The upper tigure 1n Traffic refers to pre-MIS, Prnducr-»vc Hirutes I'Ne[.mn: ‘7?) . 431,173.97
. Productive FTE {Prod. Min. : 60 Min./Hr.} + .
while the luwer figure documents MIS traffic. = 1872) = 3.84

Parenthescs indicare a negarive time savings.

(Hrs./Yr. - vacation, sick, holiday

18
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The standard time descriptions of each information processing func-
tion represent an "average' of the variations in physical configuration and
staffing patterns found across nursing stations. Thus, with the exception of
the scheduled medication functions (10.1, 10.2, 10.3) and Initiation of Chart
(and Rand file) function (1.,1) in Maternity, standard time per work unit for a
given function did not vary from unit to unit. Differences in the amount of
time saved per function do vary, however, from one unit to ancther on the
basis of different traffic counts. For instance, the 5 East day shift pro-
cesses 13,100 new medical order sets per year while the 2 East day shift pro-
cesses 9,508 in the same period of time. This difference accounts for approx-
imately 14,000 more minutes saved per year on 5 East than on 2 East. Such
differences in traffic count are greatest between unlike units and vary much
less between units handling similar types of patients. Both 3 West and 4
West, for example, are medical nursing units. In one year, the 4 West day
shift processes 10,669 new medical order sets whereas 3 West processes 10,639.
Other differences in traffic count may exist because a function is not per-
formed on a unit. Maternity, for instance, seldom prepares radiology re-
quisitions, ‘ ‘ '

For the scheduled medication functions, both the magnitude of their
savings contribution and the degree of method variability between nursing -
stations (i.e., the number of nurses who administer medications on a partic- -
ular unit) necessitated documentation by individual nursing station. 2

Total time savings for fiscal year 1972 of 47.4 full-time equiva-
lents (FTE's) were estimated for all three shifts across all nursing stations
as further described by Table 5. 1In terms of FTE's, 51 percent of this sav-
ings appeared in day shift activities, 29 percent on the evening shift, and 20 ..
percent on the night shift, Ward Clerk savings constituted 31 percent while
RN/LVN and Aide savings made up the remaining 69 percent. The full-time
equivalent savings translate .to FY72 dollar savings totaling $466,296, amount- '
ing to monthly savings of $38,858. 1In terms of dollars, the savings distribu-
tion changes only slightly to the following: Day - 48 percent, Evening - 30
percent, and Night - 22 percent; Ward Clerk - 24 percent, and RN/LVN and
Aide - 76 percent. i ‘

Potential labor savings are the highest on the maternity unit be-
cause of several factors including a higher number of admissions, shorter
patient stay, a2 higher number of new medication -orders, and more frequent
administration of unscheduled medications. Savings potential is also high on
5 East, a purely orthopedic unit, because the unit is approximately 25 percent
larger than the average medical-surgical-orthopedic (MSO) unit. Savings
potential would have been even higher on this unit if the efficient MIS method
of team dispensing of scheduled medications were to be adopted. One South, a
psychiatric unit, showed the lowest amount of labor savings potential attribu-
table to a lower number of admissions, longer patient stay, and an overall
lower level of new medication orders, medication administrations, and diagnos-
tic procedures. Pediatrics also showed a relatively low level of savings
potential ascribable to a low number of new medication orders and unscheduled
medication administrations. Variations in the number of patient days on a
unit accounted for the difference in labor savings potential between like
units.



TABLE 5

PREDICTED POTENTIAL LABOR SAVINGS
DUE TO WORK CONTENT CHANGES
BY NURSING STATION, SHIFT, AND SKILL
{(Full-Time Equivalents)

Night
. SHIFT Day Shift Evening Shift Shift
“SKILL | Ward | RN/LVN/ | Ward RN/LUN/ | RN/LYN/
STATION T Clerk Aide Clerk Aide Aide TOTAL
1 South 46 .78 .23 .66 .51 . 2.64
Maternity 1.23 1.67 40 1.00 1.66 5.96
2 East 1.04 1.37 42 .93 .82 4.58
.2 West 1.00 1.32 44 .85 .81 4,42
. Pediatrics .80 .88 .33 .60 .76 3.37
3 West .95 1.47 .40 1.00 .84 4.66
4 West 1.01 1.31 A .91 .88 4.55
| 5 East 1.20 1.66 .53 1.05 .94 5.38
|4 5 West .92 1.20 .43 .77 .76 - 4.08
6 East .90 1.23 .38 .81 .73 4.05
6 West .81 1.11 .34 .76 .69 3,71
| "2 North, ICU, CCU, '
! TCU, Labor and ———- -—-- o ——— -—— -—-
1 Delivery, Nursery,
| ER, and AKU
Total FTE 10.32 14.00 4.34 9.34 9.40 47.40
FIE Percentages 21,8% | 29.5% 9,2% 19.7% 19.8% 100.0%
Total Dollar $78,490 | $146,368 | $33,7471$103,749 |$103,942 | $466,296
Savings
Dollar Saving 16.8% | 31.4% 7.2%2 | 22.2% 22.3% | 100.0%
Percentages

Because savings in these areas were expected to be comparatively small on

an individual basis, a less rigorous analysis of work content reduction

was conducted.

An agpregate estimate of savings potential is presented
in this section under the heading Other Incidental Labor Savings.
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The wage rates applied to the estimated work content reduction in-
clude fringe benefits at 22 percent allocated as follows:

Employer social security contribution, - 12%
compensation insurance, health in-
surance, and pension plan

Vacation, holiday, and sick time 10% l

Associated Work Methods Improvements. The benefits realization process -
provides an opportunity to achieve work methods improvements in areas in-
directly related to the information system. Because of the pervasiveness of
the impact of the MIS system on nursing information processing, a large number
of procedures and activities are affected by the reorganization of work con-
tent (the realization process necessary to aggregate MIS labor savings to
achieve their release as partial or whole full-time equivalents). While re-
structuring and reorganizing these tasks, it usually is possible to introduce
work methods improvements. It should be noted that a portion of such improve-
ments could in theory be implemented independently of any automated informa-
tion system development; however, the benefits realization process (1) prompts
the identification of many such potential improvements which might otherwise
remain hidden, and (2) the thorough reorganizaticn of work which is being s
carried out presents a convenient opportunity to introduce these improvements%:”
In fact, it is very likely that a substantial number of these work methods 5
improvements would never be implemented ‘on a piecemeal basis.

For example, the following potential methods improvement areas have
been identified by the nursing team carrying out the benefits realization
process: :

1. Batching of certain work;

2. Better distribution of the workload across
the shift;

3. TImproved coordination between MIS and the
unit-dose system to result in better use
of the unit-dose system;

4. Standardization of procedural methods for
supplies and their location on the floor;

5. Better utilization of- personnel through the
use of half shifts, staggered schedules,
and so on; : '

6. Improvement in matching job requirements
to personnel capabilities;

7. Charting by exception;
8. Optimization of MIS operational procedures;

9. Better definition of responsibility between
nursing and other interacting departments
such as housekeeping; and .

10. Variable staff planning.
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The magnitude of savings associated with such methods improvements,
of course, can only be estimated. Industrial engineering experience indicates
that when extensive work reorganization occurs, additional secondary cost re-—
ductions on the order of 10 to 20 percent of the primary savings can be accom-
plished. For the purpose of predicting total labor savings, it was estimated
that the potential work content savings could be increased by 15 percent
through appropriate work methods improvements, amounting to $69,944 for FY72
or monthly savings of $5,829. ‘

Management Structure Reorganization. There appear to be certain labor
benefits of an organizational nature attending the implementation of a MIS
system. The impetus to examine existing nursing management structure in the
context of the overall reorganization being carried out to realize MIS bene-
fits probably was initiated by the observation that the impact of the pre-
dicted clerical work reduction was especially apparent upon head nurses. As a
good deal of the "desk work" that frequently was borne by head nurses was
expected to be assumed by the system, the suggestion was made to expand head
nurse responsibility. Specifically, it was suggested that the resultant free
time could allow the head nurse to manage her unit on a 24-hour-a-day, 7-day-
a-week basis. This suggestion has been implemented by ECH nursing adminis-
tration and a thorough review of the nursing organizational structure has been
{Qﬂdertaken. As a result, a revised organizational structure has been adopted.
‘Firther details of these activities are described in Section 6 of this report.
‘Né estimate of the cost impact of management structure reorganization was made
for this analysis. ' )

o Ancillary and Support Areas - Predicted Potential Labor Savings. Predic-
"tions of potential labor savings in ancillary and support areas other than the
Pharmacy were based on preliminary studies undertaken previous to implementa-
. .tion and modified by additional studies made by the ECH management engineering

nstaff. The preliminary estimates were developed by applying appropriate
-industrial engineering measurement techniques to the impacted elements of the
manual system and comparing the results with corresponding measurements for
the MIS system obtained by extrapolating data provided by test systems and by
the '"demonstration hospital system.'" The latter is a small-scale mock system
which emulates the behavior of a full hospital system for demonstration pur-
poses. The estimated savings in ancillary and support areas, summarized in
Table 6, total $116,013 for FY72, amounting to potential monthly savings of
$9,668., The fact that a substantial portion of these predicted labor savings
has been realized is indicative of the relative accuracy of the estimates.

Admitting Department. Labor savings amounting to five FTE's were
predicted for the Admitting Department. Proposed savings were based on the
assumption of clerical duties by the MIS system, transfer of the pre-admit
function to the Business Office, and transfer of the admitting function to the
Emergency Room between 7 P.M. and 5 A.M. on the weekdays and for longer
periods over the weekend. It should be noted that the ability to transfer
such functions is assignable to the MIS system. The 5-FTE figure represents
net savings, i.e., the result after subtracting the increase in the Business
Office workload. To date, 3.1 FTE's have been realized in spite of increasing
numbers of admissions.
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TABLE 6

PREDICTED POTENTIAL LABOR SAVINGS:
ANCILLARY AND SUPPORT AREAS

Predicted Net Savings
: Net Reduction Fiscal
Department FTE's 1972
Admitting 5.0 Clerks $ 40,628
Business Office 1.0 Clerk $ 7,822
3.5 Keypunchers § 27,373
Central Service 1.0 Clerk s 7,146
Pharmacy 1.0 Pharmacist $ 17,365
1.0 Pharmacy Technician $ 7,354
Radiology 1.0 Transcriptionist $ 8,325'
TOTAL

13.5 FTE's

$116,013

NOTE: Dollar values include fringe benefits of 22 percent broken
follows: 12% - employer social security contri-

down as
bution,
and pens

Business O

workmen's compensation insurance, health

insurance,

ion plan; 10% - vacation, holiday, and sick time.

ffice. Predicted savings in the Business Office consti-

tuted 4.5 full-time equivalents composed of 3.5 FTE's of keypunch labor and
abor. Keypunch labor savings are a result of direct
transfer of patient charges from the MIS system to the computerized Business

1.0 FTE of cashier 1

Office System, obviating the need for keypunching charge slips.

The cashier

reduction. represents labor savings due to autcomatic preparatlon of the check
register. These savings have been realized.

Central Se

rvice. Labor savings of one clerk were predicted and have

been realized for Central Serv1ce attributable malnly to automatic pricing of

Central Serv1ce items.

Laboratory.

No net savings occasioned by the MIS system were ex—

pected initially in the Laboratory and none have been realized yet; however,
realization of existing potential labor savings has not been aggress1vely

pursued to date.
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Medical Records. No net savings ascribable to the MIS system were
expected in Medical Records and none have been realized.

Pharmacy. A net savings of one pharmacist and one pharmacy techni-
cian were predicted for the Department of Pharmacy. These estimates were
based on the results of a detailed MIM study combined with current operational
experience. : ‘

Radiology. . Predicted savings in Radiology are associated with re-
duction in transcriptionist labor and are partially dependent on radiologists'
use of standard reporting statements. Savings of one FTE were predicted and
have been realized.

Other Tncidental Labor Savings. There were several other activities/
functions on which MIS had an impact that were not studied in-depth since
highest priority was given to areas with the greatest expected savings. Two
of these other areas are discussed below with corresponding estimated poten-
tial cost savings. '

e Less detailed analysis using the MTM standards developed for MSO
"~ units and for a smaller-sized unit were applied to the intensive care units
‘iand to 2 North (a short-term GYN unit) yielding the following savings (in
FTE's) because of work content reduction: ICU - 1.78, CCU - 1.34, TCU - 2.37,
and 2 North - 1.10. To correct for certain assumptions of the MSO functional
 analysis model, these figures were adjusted downward by a factor of 0.25. A
sconservative estimate of five FTE's resulting in average savings of $4,380 per
" ;,month (over FY72 through FY76) in additional nursing work content reduction
:thus was predicted for these areas.

S Although the hospital did not have a unit-dose system prior to im-
plementing MIS, it should be noted that substantial cost avoidance can be
achieved through the concurrent implementation of MIS and unit dose. ' The
primary source of savings derives from the Medications Supply List produced by
the MIS system for the Pharmacy which presents a real-time profile of all
patients' current medications. Such a profile is required by the unit-dose
system and demands substantial compilation labor. By comparison with a very
similar manual unit-dose configuration in a nearby hospital having almost
identical service characteristics and patient load, this clerical workload
savings was estimated to be five FTE's of pharmacy technician time equaling
$3,453 per month currently, Coupled with the estimated savings predicted for
the Department of Pharmacy, the net effect of the concurrent implementation of
MIS and unit dose should have been an increase of three FTE's. However, no
additional pharmacy personnel were required to implement the unit-dose system
in conjunction with the MIS system implementation; thus, a realized net cost
benefit of three additional FTE's was achieved beyond the two FTE savings
predicted for the Pharmacy and was added to the estimated savings. This
additional spin-off benefit associated with unit-dose implementation provided
an additional three FTE average savings of $2,184 per month {over FY72 through
FY706),
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Summary of Predicted Potential Labor Savings. The predicted potential
labor savings detalled in the preceding subsections cumulate to a dollar total
of $5,637,384 over ‘the 5-year period from FY75 through FY79. This prediction
results in an average potential savings of $93,955 per month. The distribu-
tion of these potential savings across fiscal years is shown in Table 7. The
first three items in this table were estimated in FY72 dollars. The remaining
items, estimated as average costs for FY72 throiugh FY76, were assigned to
FY74, These estimates were projected forward to obtain consistency with the
subsequently developed models based on the actual established contract perlod
FY75 through FY79. Years prior to FY74 were estimated to experience a growth
rate of 7.5 percent in nursing and 5 percent in ancillary and support areas.

A 15 percent adjustment was carried out in FY75 to reflect hlgher than antici-
pated wage increases, after which an 8.5 percent growth rate was used to
extrapolate to FY79. This growth rate was compounded annually to reflect
growth in wages as well as traffic growth and its resultant growth in 1nfor-
mation proce331ng requirements. e

Hospital lnterna] Labor Impact (Internal Labor Measurements Model)

Internal hospital labor changes were measured by determining the differ-

ence in labor actually being expended in nursing and ancillary areas after two .’ '

years of operation under MIS with the expected labor expenditure for the same
point in time had the hospital retained manual information proce331ng. Be-
cause admissions data were not available by service for the full base-line
period, the preferable measutement---hours per admission---could not be used.
Thus, ‘the model utilizes as its raw data productive labor hours and corre-
sponding patient days computed biweekly for payroll accounting purposes over a
period of six and one-half years (July 1968 through December 1974). The raw

data were broken down by nursing service as follows: Medical-Surgical-Ortho- S

pedic (MSO), Maternity, Nursery, Labor and Delivery, Pediatrics, Psychiatry,
and selected ancillary areas (Pharmacy, Laboratory [Inpatient], Radiology
[Inpatient], Inhalation Therapy, and Central Service).

The model essentially has three components: (1) mahual-system labor
expenditures during the 4-year base-line period (July 1968 through June
1972%), (2) expected growth under the manual system, and (3) actual labor
expenditures during the 2-year experimental period (January 1973 through
December 1974). Actual labor expenditures at the end of the experimental ‘
period (December 1974) are compared with the expected labor expenditures for
the manual system at the same time point and the difference calculated. ‘

The first component involves establishment of a base-line model for
hourly labor expenditures under the manual system. Using the 4-year period
prior to system implementation, the labor expenditures in terms of paid hours
per patient day for a given servite (e.g., MS0) were plotted for the 105 pay

Although actual operation of the system was initiated in January of 1972
and by June of 1972 roughly half of the nursing units were using the system,
no labor changes were made as a result of the system until the following
December.



TABLE 7

PREDICTED POTENTIAL LABOR SAVINGS

. . Last
_  Estimated Monthly Savings 5-Year
FY72 FY73 Fy74 FY75 FY76 FY77 FY78 FY79 Average
Nursing Departlﬁent:

Work Content Reduction $38,858 $41,789 $44,960 $51,711 $56,106 - $60,875 366,050 871,664 $61,281

ICU/2N Work Content Reduction 3,790 4,074 4,380 5,037 5,465 5,930 6,434 6,981 I5,969

Associated Work Methods Improvement 5,829 6,268 6,745 7,757 8,416 9,131 9,908 10,750 o 9,192
Ancillary and Support Areas:

Work Content Reduction 9,668 10,159 10,667 12,267 13,310 14,441 15,669 17,000 14,537
Total Predicted Potential Labor Savings $58, 145 $62,290 566,758 $76,772 . 583,297 $90,377 $98;061 $106,395 $90,979
Additional Unit-Dose Spin-Off (3 FTE's) 1,980 2,079 2,184 2,511 2,724 2,958 3,267 3,480 2,976
Total Predicted Labor Savings 560,125 $64,369 568,942 579,283 $86,021 $93,335 $5101,268 $109,875 $93,955

68
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periods in the base-line period (see Figure 6). A best-fit straight line was
determined using the least-squares regression technique. The resulting re-
gression line represents the best estimate of the actual trend in MSO nursing
unit labor expenditures under the pre-MIS manual system, without using any
other predictor variables.

The second component of the model estimates the expected growth in labor
expenditures during the post-MIS period, assuming that the hospital had con-
tinued to use a manual system. In Figure 6, this expected growth is depicted
as the dotted line which represents the straight-line extrapolation of the
pre-MIS regression line. The extrapolated value at the end of the post-MIS
period is the expected labor expenditures at that point in time given the
continued use of the manual system.

The third component of the model, actual labor expenditures during the 2-
year experimental period, is determined from the regression line fitted to the
data points in this period. This line is shown in Figure 6 as the solid line
in the post-MIS period. At the end of the experimental period, the difference
between the extrapolated regression line and the actual regression line esti-
mates the labor savings under the MIS system.

Figures 7 through 10 present similar graphic summaries of the analysis .
for the other service areas where labor savings were estimated. 1In Figure 11,
a similar approach was used for the selected ancillary services with the ex-
ception that labor hours per admission was the criterion variable used rather ~"-
than labor hours per patient day. The rationale for using this measure was
discussed earlier. For Labor and Delivery, the approach was slightly differ-
ent.  The criterion used was labor hours per delivery. Separate regressions
were run on labor-hours and on number of deliveries, after which trend lines = =+
of the rate were determined. Further.details:concerning all of the.regressionm =
. analyses are presented .in Appendix B. i

The regression results depicted in Figures 6 through 11 form the basis
for the estimated savings summarized in Table 8. The regression model for the
base-line period was extrapolated to the December 1974 time period to yield
the estimates of expected nursing hours per patient day which would have been
expended if the hospital had remained on the manual system. The regression
line for the experimental period yielded the estimates of actual nursing hours
per patient day under the MIS system. The difference between the expected
labor expenditures and the actual labor expenditures provides an estimate of
internal labor impact on the nursing units. In addition, separate regression
lines were fitted to the data on patient days to yield an estimate of patient
days per pay period by service area. The product of labor hour savings per
patient day, number of patient days per pay period, number of pay periods per
month, and hourly wage rates yields monthly cost savings.

The nursing wage rate used ($6.76 per hour) represents the average wage
rate for all nursing unit personnel (Head Nurse, Assistant Head Nurse, Regis-
tered Nurses, LVN's, Aides, and Clerks) prevailing as of December 1974, and
includes all fringe benefits, paid and unpaid, amounting to approximately 24
percent. An average wage rate of $6.80 per hour, including fringe benefits,
for all ancillary personnel in the ancillary areas affected by MIS was used.
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. TABLE 8 -

PATD LABOR EXPENDITURES EXPECTED UNDER MANUAL INFORMATION
PROCESSING METHODS COMPARED WITH ACTUAL LABOR EXPENDITURES
UNDER MIS SYSTEM OPERATION (AS OF DECEMBER 1974)

Regressed Regressed fstimated Regressed
: Expected Labor Actual Labor Labor Patient Days ‘Monthly
Nursing ‘ Expenditures Expenditures Savings ) per Pay Cost
~ Area - (Hrs/Pt. Day) (Hrs/Pt. Day) (Hrs/Pt. Day) Period Savings1
MSO0 _ - 6.7069 5.5032 1.2037 2,771.20 $48,320
Materaity 6.5378 5.7134 0.8244 313.98 3,750
Pediatrics ' - 7.2599 7.0165 0.2434 238.93 843
Labor and Delivery? , 5.09612 4,05052 1.0456% 231.03% 3,500
Psychiatry ' 7.5730 6.3980 ' 1.1750 376.58 6,410
Nursery 5. 5408 4.5268 1.0140 351,92 5,169
| Total Nursing (excluding . :
ccu, ICU, and TCU) - , | 367,992
Selected Ancillary 11.97363 11.0787% 0.89493 976.763 §12,737
Departments

Mbnthly Cost Savings are calculated as the product of Estimated Labor Hours Saved per Patient
Day, Estimated Patient Days per Pay Period, $6.76 per Hour (Average Nursing Wage, December
1974), and conversion fdctor from pay periods to months (60 pay periods = 28 months).

Labor and Delivery estimates were calculated using nursing hours per delivery rather than
patient day. ’ :

Selected ancillary department estimates were calculated using ancillary department hours per
admission rather than per patient day. '

b
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TABLE 9

COMPARISON OF BASE-LINE AND EXPERIMENTAL PERIODS

Base-line Period Experimental Period
Annual Annual
: Growth Growth
Variable Midpoint Rate Midpoint Rate
Admissions | 1,821/mo. 3.28% 2,037 /mo. 2.74%
Patient Days 9,728/mo. 0.90% 10,031/mo. -4.167%
Length~of-Stay 5.34 4.92
Growth within Growth Between Base-line
Base-tine Period and Experimental Periods
Admissions 3.28%/yr. - 3.38%/yr. 4
Total Patient Days 0.95%/yr. . 0.88%/vyr. |

- The validity of conclusions drawn from this mcdel depends on the extent -
and kind of change taking place between base-line and experimental periods.
Although the rate of admissions growth was slightly lower during the experi-
mental period than it was for the base line, in both cases it was positive
(see Table 9). The volume of admissicns rose by almost 12 pércent (1,821 per
month to 2,037 per month) from the midpoint of the base-line period to the
experimental period midpoint, a span of three and one-half years. Patient
days, on the other hand, rose only 3.1 percent over the same period. Accoxrd-
ingly, length-of-stay was reduced by 7.8 percent, Length-of-stay compression
was particularly strong during the experimental period wherein patient days
declined by 5.4 percent while admissions rose by 8.32 percent. As discussed
earlier in this section under Labor Impact Measurements, this compression of
stay should increase the information processing requirements on a per-patient-
day basis. Thus, it would be expected that the daily information processing
demands would be greater in the experlmental perlod than they were in the
base-line period. -

0f particular importance for the wvalidity of extrapolation of the base-
line conditions to the experimental period is a comparison of change within
the base-line period as contrasted with change between the base-line and ex-
perimental periods. The respective growth rates for admissions and patient
days as shown in Table 9 suggests that this correspondence is quite good,
9
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Table 10 summarizes the labor cost impact as estimated by the Internal
Labor Measurements Model. It should be noted that because of two major orga-
nizational changes during the base-line and experimental periods, respective-
ly, regression analysis of the critical care complex (ICU, CCU, and TCU care
units) could not be carried out, Detailed observations on these three units
by ECH's Management Engineering staff during the benefits realization process
indicate a savings at least as great as other acute nursing units on a per-.
patient-day basis. Since this area represented approximately ten percent of
the 1975 census, savings are commensurately adjusted upward on a patient-day
basis by an additional $7,555 per month. Labor savings in the support areas
of Admitting and the Business Office for the most part reflect actual elimi-
nation of positioms.

Inter-Hospital Labor Trend Compariscn Model

Because potential cost containment effects might be missed by studies
focused solely within the hospital, a comparative analysis of labor trends and’
- diagnostic patterns was undertaken in six similarly sized hospitals within a

radius of 20 miles of El Camino Hospital. The objective of the study was
threefold: (1) to determine whether labor expenditures tended to trend
-together at the other six hospitals (i.e., did labor expenditures tend to rise
-and fall together over time?); (2) to analyze whether ECH followed the labor
“‘trend pattern exhibited by the other hospitals before the system was imple-
“mented; and (3) to determine how the trend of labor expenditures at El Camino
'Hospital shifted before and after the implementation of the system compared
with any trend shifts at the other hospitals. ‘

Monthly values of economic and diagnostic mix data were collected from
stwo 18-month time periods reflecting experience before (July 1970 through
‘December 1971) and after (July 1972 through December 1973) implementation of
gﬁhe system, The 6-month gap (January 1972 through June 1972) represents the
”period during which implementation of the MIS system took place at El Camino
Hospital, and thus is omitted as being not representative of normal operation.

The following economic and operational variables were analyzed: admis-
sions, patient days, occcupancy, capacity, paid nursing hours (excluding
nursing administration and in-service education), and paid man-hours (Phar-
macy, Central Service, Inhalation Therapy, Laboratory, and Radiology). Per-
centage figures for inpatient volume. alsoc were collected for Radiology and the
Laboratory. Monthly diagnostic mix data were collected from Professional
Activities Study (PAS) reports or similar sources, with the principal objec-
tive being to describe a diagnostic category and patient age profile for each
hospital over the 4-year period 1970 through 1973. These profiles then were
compared between hospitals, and the change in the profiles was analyzed over
time to .assess the impact of potential changes in diagnostic mix or patient
age on hospital labor cost.

Labor hours were chosen as the labor cost indicator rather than dollar
costs in order to avoid wage rate differentials and similar incompatibilities.
"Nursing Hours' represent cumulative paid service hours expended by nursing
unit personnel per month on the following types of units: medical, surgical,
orthopedic, intemsive care, and pediatric (obstetric, psychiatric, and



TABLE 10

SUMMARY OF LABOR COST IMPACT AS MEASURED |
BY THE INTERNAL LABOR MEASUREMENTS MODEL

AVERAGE MONTHLY SAVINGS

5-Year

(3) Admitting and Business Office.

Cost Element FY75 FY76 FY77 FY78 FY79 Average (4)
- Nursing Labor Savings (1) $ 67,992 § 73,771 $ 80,042 S 86,845 S 94,227 5 80,575
Critical Care Areas - 7,555 8,197 8,894 9,650 10,470 8,953 -
Selected Ancillary Labor Savings (2) 12,737 13,820 14,994 16,269 17,652 15,094
_ Support Labor Savings (3) 3,910 4,242 4,603 4,994 5,419 4,634
Total Labor Savings $ 92,194 $100,030 $108.533 $117,758 8127,768 $109,256
. (1) Excludes Critical Care Aréas.
(2) Inclﬁdes Pharmacy, Laboratory, Radiology, Inhalation Therapy, and Central Service.

(4) The average monthly savings for the 5-year period FY75 to FY79 is aSSumed to experience an 8.5
percent annual increase to reflect growth in wage rates and growth in information processing

traffiec rates.
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extended care facilities are excluded}. "Total hours'" represent total pro-
ductive man~hours for the hospital. Obstetric, psychiatric, and extended care
facility figures were excluded in order to achieve comparability of data
across hospitals since not all of the hospitals in the study provided all of’
these service units. 1

Selected ancillary man-hours represent the summation of monthly produc-
tive man-hours expended in Pharmacy, Radiology, Laboratory, Central Service,
and Inhalation Therapy. These departments constitute those most significantly
affected by the MIS system. ' ’

Analysis of Inter-Hospital Data. Using regression analysis, a best-fit
straight line was plotted for each economic or operational variable through
the data points to obtain trend lines for before and after periods. Other
statistical techniques, such as moving averages and nonlinear regression, were
examined and found to be inferior for purposes of describing the trend of the
data points. Trend lines thus were developed for each of the economic and
operational parameters noted above, as well as for ratios such as length-of-
stay for each hospital. Aggregate trend lines also were developed for the
variables in question by averaging the data from all six comparison hospitals.

,Figures 12 through 15 present summaries of the trend lines of selected vari-.
-ables for individual hospitals and for the aggregate of comparison hospitals
ﬁ(dashed line). Tables 11 and 12 present further details of the before and
.‘after period trend analysis comparing El Camino Hospital with the average
. experience of the other six hospitals. Results are presented for regression
models using data for three time intervals. One model used the first 12
.months of data in the experimental periods to determine trend. Another used
the last 12 months of the data collection periods. A third used the entire
-718-month data collection periods. All three sets of results are presented to
wcounter possible cbjections to using periods other than multiples of a full
: ar which might lead to unequal weighting of seasonal effects. The variation
“in results provides a range within which the estimates may be presumed to lie.
For each variable studied, the beginning, midpoint, and end-point values of
the trend lines are given in Tables 11 and 12 as well as the percentage change
(positive or negative) over the period in question. Additional details of the
regression analyses are presented in Appendix B.

A substantial difference in the behavior of El Camino Hospital and
the comparison hospitals, both individually and in the aggregate, is suggested
by the trend lines. 1In Figure 12, comparisons of medical-surgical nursing
hours per patient day are presented. The trend lines are especially sensitive
to the time interval used for the regression analysis. Nevertheless, the
‘relative differences between El Camino Hospital and the comparison hospitals
persisted. The 18 months' regression models indicate El Camino Hospital
experienced a higher growth rate in medical-surgical nursing hours per patient
day during the base-line period, with a decreasing rate during the experi-
mental perjiod. The first 12 months' models (July to July) suggest that El
Camino Hospital went from an increasing rate during the base-line period to a
decreasing rate during the experimental period, below the aggregate trend
line. The last 12 months' regression models {December to December) show all
trend lines increasing, but the experimental period trend line for EL Camino
Hospital has a lesser slope than the aggregate. The data indicate that some
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TABLE 11

COMPARISON OF SELECTED ECONOMIC AND OPERATIONAL PARAMETERS
ON MEDICAL-SURGICAL UNITS BEFORE IMPLEMENTATION OF MIS®

Regressions m Regressions (2) Regressions (1)
Using First 12 Months' Data Using Last 12 Months' Data Using 18 Months' Data
Beginninq(l‘) Mid- tnding % Beginning Mid- Ending % Beginning Mid- Ending | %

Criterion Hospital (s) Point point Point Change Point point Point Change Point point Point Change
Admissions/ ECH L1277 1343 1410 10.41 1402 1367 1331 5.03 1296 1329 1361 4.497
Month (Med-5urg} 6 Others 914 957 1000 9.45 1023 954 885 -13.46 943 926 910 - 3.56
Pafient Days/ ECH 7416 . 1666 7915 6,73 8738 . 7927 7117 -18.56 7592 7524 7455 - 1.79
Month (Mcd-Surg) b Others 6275 ] 6549 6822 8.72 7341 6532 5722 -22.05 6540 6261 598l - 8.54
Average Length of - ECH 5.80 5.70 5.61 - 3.28 6.26 5.80 5.35 -14.54 5.85‘. 3.66 S.47 - 6.46
Stay (Days: Med-Surg) 6 Others 6.92 6.90 6.89 - 0.50 7.31 6.91 6.51 -10.92 7.00 6.81 6.62 - 5.38
QOccupancy Percent - ECH 64.96 66.00 67.04 3.20 76.04 67.69. 59.34 -21.96 66. 61 rﬁlo.laO 62.19 - 6.65
(Med-Surg) 6 Others 76.94 74.75 72.56 - 5.69 80.18 73.14 7011 -12.56 77.55 74.20 70.85 - 8.63
Nursing Hours/Patient  ECH 6.33 ‘ 6.82 ~ 7.31- " 15.48 5.67 "6.70 7.73  36.33 6.30 6.93 7.56 19.97
Day (Med-Surg) 6 Others 7.49 6.87 6.26 =16.36 6.35 6.90 7.45  17.34 7.11 7.10 7.09 - 0.36
Nursing Hours/ ECH 36.74 38.81 40.88 11.27 35.94 38.77 41.61 15.78 16.388 39.15 41.42 12.31
Admission (Med-Surg) 6 Others 50.76 46.79 42.81 -~15.67 46.120 46.94 47.69 3.21 49 .34 48,08 46.83 5.08
Ancillary Hours/ ECH 10.92 10.67 10.42 = 4:58 9.66 10.59 11.51  19.15 10.64 10.92 11.20 5.28
Admission {Total) 6 Others 13.26 ©12.80 12.35 - 6.88 12.71 12.93 13.16 3.57 12.50 12.60 12.70 1.595
Hogpital Hours (Total)/ ECH 84.55 85.44 86.32 2.09 77.55 84.58 91.61 18.13 B3.132 B6.56 89.80 7.77
117,92 118.33 118.74 .70

Admissions (Total} 6 Others 124.60Q 119.17 113.7¢ - 8.72 115.83 119.88 123.93 6.99

{1) ECH Data: 6/21/70 to 6/19/71; Six Other Hospitals' Data: 7/1/70 ta 6/30/71.
(2) ECH Data: 1/3/71 to 1/1/72; Six Other Hospitals® Data: 1/1/71 to 12/31/71.
(3) ECH Data: &/21/70 to t/1/72; Six Other Hospitals' Data: 7/1/70 to 12/31/71.

(4) The beginning point is estimated for July 1970; the midpoint is estimated for March/April 1971:
and the end point 15 estimated for December 1971,

201



TABLE 12

COMPARISON OF SELEC;;EQEE‘CQNOMIC‘AND OPERATIONAL PARAMETERS
ON MEDICAL-SURGICAL UNITS 'AFTER IMPLEMENTATION OF MIS

Regressions m Regressions

Regressions

Using First 12 Months® Data Using Last 12 Months' Data'2) Using 18 Months' Data '3
Begin,ning(ll) Mid- Ending % Beginning Mid- . Ending % ‘Beginning Mid- Ending 2

Criterion | Hospitall(s) Point ’ point Point Change Point point Point Change Point point Point Change
Admissions/ ECH 1354 1532 1731 29.72 1593 1519 1445 - 9.32 1411 1457 . 1503 6.52
Month (Med-Surg) 6 Others 879 972 1064 21.00 1048 971 893 -14.82 924 930 935 1.10
Patient Days/ ECH 7281 8024 8766 20.40 8782 8127 7472 =17.53 7585 7718 7851 3.51
yonth (Med-Surg) 6 Others 5763 6321 6880 18.38 68136 6370 5905 —13f62 5974 6085 6195 3.70

1 ’ .

Average Length of ECH 5.44 5.24° 5.05 - 7.17 5.54 5.36 5.18 - 6.50 5.38 5.31 5.23 - 2.69
Stay (Days: Med-Surg) 6 Orhers 6.61 6.56 6.51 - 1.55 6.48 6.60 6.73 3.94 6.51 6.61 6.72 3.32
Occupancy Percent  ECH 67.95 68.52 69.09  1.68 73.85  69.52 65.19 -11.73 68.74 67.80 66.86 - 2.74
{Med-5urg) 6 Others 72.29 78.48 84.67 17.13 85.25 79.16 S 73.07 -14.29 74.91 75.70 76.49 2.11
Nursing Hours/Patient ECH 7.30 6.62 5.95 -18.49 6.18 6.57 6.97 12.78 7.05 6.87 6.68 - 5.22
Day (Med-Surg) 6 Others 7.21 6.81 6.40 -11.17 6.19 6.82 7.46 20.55 6.98 7.08 7.18 2.95
Nursing Hours/ ECH 39.64 34.70 29,77 -24.90 34.34 35.23 36.11 4.90 37.89 36.41 34,92 - 7.84
Admission (Med-Surg) 6 Others 47.11 44 .16 41.22 -12.50 39.39 44.53 49.66 26.07 44.83 46.30 47.76 6.52
Ancillary Hours/ ECH 11.7% 11.01 10.27 -1l4.41 10.57 11.16 11.75 11.16 11.35 11.42 11.49 1.20
Admission (Total) 6 Others 13.96 12.89 11.82 -15.32 10.57 13.03 15.48 46.38 13.03 13.82 14.61 12.10
Hospital Hours (Total)/ ECH 92.00 83.89 75.79 -17.62 80.57 B85.47 90.37 12.16 87.99 87.92 87.85 - 0.16
Admissions (Total) 6 Others 123.71 116.54 109.36 =11.60 100.60 117.09 133.58 32.78 117. 122.60 127.67 8.63

52

(1) ECH Data: 6/18/72 to 6/lé/73; Six Qther Hospitals' Data: 7/1/72 to 6/30/73.
(2) ECH Data: 12/31/72 to 12/29/73; Six Other Hospitals' Data: 1/1/73 to 12/31/73.
{(3) ECH Data: 6/18/72 to 12/29/73; Six-OLher Hospitals' Data: 7/1/72 to 12/31/73.

(4) The beginning point is estimated for July 1972; the midpoint is estimated for March/April 1973;
and the end point is estimated for December 1973.
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of the hospitals experienced more favorable trends than ECH during both

" periods, while others did not. However, in the aggregate El Camino Hospital
experienced more favorable trends during the experimental period than the
average of the other comparison hospitals. Figures 13 through 15 indicate
similar results for other variables.

In addition to variable-by-variable comparison, an analysis was
carried out to quantitatively summarize the impact of cost trend differences
between ECH and the other hospitals during the experimental peried. Table 13
summarizes these estimated cost impacts. The idea underlying this analysis
was to apply the cost trend experience of the comparison hospitals during the
experimental period to the cost levels that existed at El Camino Hospital at
the beginning of the experimental period in order to predict what El Camino
Hospital cost levels might have been at the end of the experimental period, if
El Camino Hospital had followed the same behavior ‘as the comparison hospitals.
These predicted costs then could be compared with actual cost levels existing
at E1 Camino Hospital at the end of the experimental period and the difference
calculated. The analysis was predicated on the assumption that- the natural
forces which produce changes in hospital cost trends would be similar for
hospitals of similar size, locale, and service characteristics. It also was
assumed that although the diagnostic profiles of the hospitals might differ,
the trends in changing diagnostic mix would be similar among the seven hos~
pitals.

The calculation of these estimated cost savings is illustrated by
the example in Figure 16. Based on the assumptions above, the predicted cost
level in terms of ancillary hours per admission for the 18-month period is
shown in Figure 16. The diffeérence between predicted and actual labor cost is
. determined by projecting the beginning value for ECH along the same increase
- experienced by the average of the six other hospitals, measuring the differ- ,
ence .between this projection and the regressed actual value, and then convert- '~
ing to dollars by multiplying by the regressed estimate of admissions for ECH
at the end point and by the proper wage rate.

A range for the total labor savings predicted by this model is pre-
sented in Table 14. The extension of the labor cost savings to the maternity
complex and psychiatric unit was carried out by proration based on patient-day
volume. The rationale underlying calculation of predicted savings, both on a
per-admission basis and on a per-patient-day basis is discussed earlier in
this section under Labor Impact Measurements. In Table 14, Ancillary Labor
Savings were calculated on a per-admission basis in both parts of the table.
Savings reported under the category of Support Labor represent accomplished
internal labor reductions rather than calculated reductions. Because of the
sensitivity of the model to the time interval upon which the regression models
are based, the range of savings is very broad, with potential monthly savings
averaging from $52,563 to $169,001 over the 5-year period froem FY75 to FY79.

Monthly diagnostic mix data (patient days by diagnosis) were aggre-
gated into 17 major diagnostic categories corresponding to major H- ICDA3
classifications and into three age groups, Because of incompleteness of the
available data at some hospitals, one of the éomparison hospitals was not
included in the comparative analysis and the first year (1970) of the analysis
was dropped. '



TABLE 13 .

ESTIMATION OF THE IMPACT OF COSTlTREND DIFFERENCES BETWEEN
EL CAMINO HOSPITAL AND THE COMPARISON HOSPITALS

As of December 1973

Percent ECH ‘ Regressed
i Change Beginning Projected Regressed Estimated ECH End Point Monthly
. Six Point ECH " ECH Savings Patient Days/ Cost
Hospitals {(July 1972) End Point End Point NHPPD or NHPA Admissions Savings
Nursing Unit Savings(])
First 12 Months' Regression -11.17 7.30 6.48 5.95 0.33 8766 $31,407
lLast 12 Months' Regression +20.55 6.18 7.45 6.97 0.48 7472 24,245
18 Months' Regression + 2.95 7.05 7.26 6.68 0.58 7851 30,782
f
vursi . . {2)
ursing tUnit Savings )
First 12 Months' Regression ~12.50 39.64 34.68 29.77 4.91 ) 1731 57,455
Last 12 Months' Regression +26.07 34.34 43.29 36.11 7.18 1445 70,136
18 Months' Regression + 6.52 37.89 40.36 34.92 5.44 1503 55,272
Ancillary Labor Savings(3) .
First 12 Months' Regression -15.32 11.75 9.95 10.27 -0.32 1731 - 3,769
Last 12 Months’ Regression +46.38 10.57 15.47 11.75 3.72 1445 36,553
18 Months' Regression +12.10 11.35 12.72 11.49 1.23 1503 12,571

(1) Savings based on Medical-Surgical nursing hours per patient day, using $6.76/hour as wage rate.
(2) Savings based on Medical-Surgical nursing hours per admission, using $6.76/hour as wage rate.

(3) Savings based on Ancillary hours per admission, using $6.80/hour as wage rate.
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(12.72 - 11.49) X 1503

X $6,80/Hour

= §12,571/Month
Savings
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TABLE 14
LABOR COST SAVINGS AS PREDICTED.BX%THEjINTER—HOSPITAL LABOR TREND COMPARISON MODEL

Per Admission Basis Per Patient Day Basis

{
Regression Regression Regression Regression Regression Regression
First 12 Months Last 12 Months 18 Months First 1Z Months Last 12 Months 18 Months
Nursing Unit Labor Savings:
Nursing {Excluding Psychiatric Unit $ 57,455 $ 70,136 $ 55,272 $ 31,407 $ 24,245 $ 30,782
and Maternity Complex]
Psychiatrie Unit and Maternity Complex 17,070 20,837 16,421 9,331 7,203 ' 9,145
[Prorated on Patient Days] B
Nursing Unit Labor Savings Totals $ 74,525 $ 90,973 $ 71,693 ) $ 40,738 $ 31,448 $ 39,927
Ancillary Labor Savings [Laboratory - 3,769 36,553 12,571 - 3,769 36,553 12,571
Pharmacy, Central Service, Radiology, '
and Inhalation Therapy] -
Support Labor Savings(]) [Admitting, 3,910 R 3,910 3,910 ¢ 3,910 3,910 3,910
Business 0ffice, Medical Records] . :
Total Monthly Labor Reduction Savings(z)
FY74 $ 74,666 ' $5131,436 S 88,174 $ 40,879 $ 71,911 $ 56,408
FY75 81,013 142,608 95,669 44,354 78,023 61,203
FY76 ; 87,899 154,730 103,801 . 48,124 84,655 66,405
) FY77 95,370 . 167,882 112,624 52,214 91,851 72,049
FY78B 103,477 182,152 122,197 56,653 99,658 78,174
FY79 112,272 197,635 132,583 61,468 108,129 84,818
Average (FY75 to FY79) $ 96,006 $16Y,001 $113,375 $ 52,563 $ 92,464 $ 72,530

(1) Cost savings measured internally, not through inter-hospital comparison.

(2) The average ménthly savings for the S5-ycar period, FY75 to FY79, is assumed to experience an 8.5 percent annual increase,
to reflect growth in wage rates and in information processing resulting from increased traffic.
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By calculating the number of patient days in each of the 17 diag-
nostic categories for a given hospital for a given year, a profile of the-
diagnostic mix at the hospital in question could be obtained. Such profiles
were developed for each of the hospitals for each year of the study (see, for
example, Figure 17). Similar profiles were developed for the age groupings.
By comparing these profiles over time, the change in diagnostic mix and age
groups could be analyzed between hospitals. By summing the absclute value of
the differences between the percentage of patient days in each diagnostic
category at one hospital from the corresponding percentages at another hos-
pital for a given year, a measure of the difference in the diagnostic profiles
can be developed. Thus, diagnostic profile differences could be studied both
across hospitals and over time. Table 15 shows the distribution of patient
days by diagnostic category across the six hospitals for 1973. The difference
in diagnostic profiles also is shown for several hospital combinations for the
1973 data. For all possible hospital combinations in any given year, this
difference index ranged from a low of about 15 to a high of about 40. The
analysis indicated that while the diagnostic profiles were broadly similar
(e.g., the largest category in each hospital was Diseases of the Circulatory
System), they differed one from another when considered in detail. The most
significant finding was that the profiles and the difference indexes did not
change substantially over time. Thus, although El Camino Hospital differed in
varying extent from the other hospitals, as did the comparison hospitals among
themselves, this difference tended to remain quite constant over time.

Because El1 Camino Hospital's economic and operating parameters were "
compared on a before and after basis with the same variables aggregated acrosé'
the comparison hospitals, an analogous study was carried out for the diagnos-
tic and age data. Table 16 presents the results of this comparison. The
average diagnostic profile of the five comparison hospitals was compared with =,
that of El Camino Hospital and the difference analyzed. over the 3-year period...
The difference between ECH .and the aggregate profile of the five comparison
‘hospitals, while perhaps significant in extent, does not“vary considerably

“over the time period. Additionally, changes within diagnostic categories do
not seem to be considerable, With the exception of the Supplementary class
and the class Signs, Symptoms, and Ill-Defined Conditions (both of which might
be expected to vary more significantly than well-defined classes), deviation
in opposing directions over time was less than one percent. In summary, it is
felt that while the diagnostic profiles for each hospital were different, this
difference remained constant over the 3-year time period studied. Therefore,
changing diagnostic mix is an unlikely explanation for changes in the economic
and operational parameters reviewed.

An entirely analogous procedure was carried out with respect to the
age category data yielding similar findings. These results are also shown in
Table 16.

Interpretation of the Inter-Hospital Labor Trend Data and Extrapclation
to El Camino Hospital. Although the diagnostic mix and patient age data
suggest that the five local comparison hospitals and El1 Camino Hospital seem
to trend together, certain key labor and operating variables (notably nursing
hours and admissions} in some cases trended in opposite directions in the 18-
month before or control period. The prediction of cost savings by means of
the inter-hospital labor trend comparison model assumes, however, that labor
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TABLE 15

COMPARTSON OF DIAGNOSTIC PROFILES BETWEEN HOSPITALS AND OVER TIME

Distribution of Patient Days by Diagnostic
Categories - ECH and Comparison Hospitals

71T

1373 Inter-Hospital Cemparison - 1973 Data
. HOSPITAL Hospital Diagnostic Profile
Discase Category E B A C F ECH Combination Difference Index

Infective/Parasitic ‘ 1.49 - 1.04 1.66 1.46 .95 1.57 A/B : 16.03
Neéplasms 10. 54 10.91 . 8.99 12.90 10.04 8.65 ' C/E 16.62
Endocrine, Nutritional-Metabolic - 1.16 1.12 1.12 1.72 1.25  1.10 AT 24.59
Diseases of the Blood .40 .41 .38 .53 .4l .28 R/E ‘ 23.37
Mental Nisorders .66 8.48 6.18 .28 11.26 8.44 ECH/B 26.33
Nervous System and Senses 3.70 7 3.42 3.76 5.55 1.40 2.76 ECH/A 25.40
Circulatory System : 19,1/ 16.42 18.85 19.82 18.60 13.88 ECH/E 33.30
Respiratory Systenm 7.32 ‘ 5.66 6.63 7.81 5.74 6.05
Digestive System 10.82 9.58 10.17 10,98 8.33 10.27
Geritourinary System ’ 7.09 5.94 b. 64 /.48 6.32  8.55°
Complicated Pregnancy 3.56 2.61 3.27 .22 4,30 747
Skin <91 -85 -78 B2 ) 1.48 -76 inter-Hospital Comparison Over Time
Musculoskeletal/Connective Tissue '11.40 13.79 10.96 9.09 5.29 8.35 (1970. to 1973)
Congenital Anomalies .51 1.19 .53 1.27 .52 1.03 ECU/B - 1970 30.62
S1yns and Symploms - .62 4,04 3.79 3.57 3.60 2.55 TCH/® - 1971 31.73
injuries and Adverse [ifcots 13.62 1y.27 12.39 3. 89 16.22 10.93 ECiiyB - 1972 27.49
Supplementary 4.37 3.26 3.60 | 3. 20 4.30 /.34 ECH/B ~ 1973 26.33
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. TABLE 16

ANALYSIS OF THE DISTRIBUTION. OF PATIENT DAYS BY DIAGNOSTIC CATEGORY
AND BY AGE GROUP FOR ECH VERSUS FIVE LOCAL COMPARISON HOSPITALS

Change Between 5 Net 5
g2 973 . . . . oL -
971 il 1973 ECH 5 & dther [ Haswitals J Hoapitals Net ECh
Average 5 Hasps. JAverage 5 Hosps. JAverace 5 Honps. Hospitals GreatesrT Change Change
DISEASE CATEGORY 5§ Hosps. ECH ~-ECH 5 Hosps. ECH ~-ECH 5 Hosps. ECH =ECH 1971-1972 () Y variation | 19711973 1 1971-1973
Infective/Parasicic 1.49% 1.84% - .35% 1.37% 1.514 -~ 147 1.32% 1.574 - . 25% 10z L1I% - 177 - . 28%
Neoplasms - 10,69 3.83 1.86 Y 48 3.93 -3 10.638 8.65 2.0 17 1.2] - .03 - .18
Endocrine, Nutritional- .50 1.09 L4l - 1.21 1.28 - .07 V.27 E.]O\ i ? - .24 L2a - .23 + 01
Mecabolic ) '
Diseases of the Bloud Lh2 .38 .04 .54 .39 .15 .43 28 00 Ll .12 + .01 - .10
Mental Disorders [ 7.40 - 3.16, 4.52 §.60 - 4.08 5.37 B.a4 - 3.07 .09 1.13 +1.13 +1.04
Nervous System and Senses 3.5 2.99 .59 3.62 3.28 2 3.57 2.7 L81 26 .08 + .03 - .23
Circulatory System 17.93 13.08 3.95 17.37 13.60 3,97 13.57 13.88 4.69 Y 154 +3.54 + .80
Respiratory System 7.2z 5.75 1.47 5.80 5.78 N2 6.63 6.05 .98 - .89 142 - .59 + .30
Digestive Svstem 10.23  10.62 - .39 10.32 9.78 54 9.98  10.27 - .29 .10 L34 - .25 - .45
Genitourinary Svstem 6.65 9.44 = 2.79 6.49 8.53 - 2.064 671 8.55 - 1.84 .95 .22 + .06 - .89
Complirated Pregnancy 4.43 3.70 - 4.27 1.97 3.14 - 4.17 3.59 7.47 - 3.8 .19 .84 - .84 - .3
Skin .78 .69 .09 .84 .68 16 1.05 ) .29 .20 S + 27 + 07
Musculnskeletal/Connective 9.63 7.90 1.75 9.89 B.22 1.07 10.11 8.35 1.76 .01 .46 + .46 S+ .45
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Congenital Anomalies 74 1.05 - .11 .67 .94 - 27 .80 1.03 - .23 04 13 + .06 - .o
Signs ana SympLoms 2.64 A ¥, 2L 2.95 2,75 .20 1.72 2.55 1.17 1.41 1.08 +1.08 - .33
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TOTAL 99.94 100.006 - .06 9, ay 94,99 LU0 10000 ny 9k [ LOR
Diagnestic Pro¥ile '
5 22 5 32 10. 7 3. hh
Difference Index 22.36 21,34 26.32 L 1566
(e =)
2 AGE CATEGORY '
=
n{; 8_ Youngar 13- - 3.187 i1, 545 = 3..0" EEES 1:.2 -, - ) ' - - h
s €[] e LA 1y 1 s R L L S e ) -y T
gg_ iger GO+ HE ' ! X ! E] 3.0 - i s i 3a + 20
“T:‘_ TOTAL G WG 00 - Ll 000600 a0 Y} UG onoan - L - N
8 g Age Catepory
O Miffervrnee Tndes BT LRSI T
~ . B A
R
’///. 3
7
L |

¢T1



116

trends at ECH would be similar to. those in the other six hospitals during the
experimental period had the MIS system not been installed. Because El Camino
Hospital labor trends did not always follow those of the other hospitals
during the before period, the conclusion that ECH would have followed the
other hospitals in the experimental period may be disputed. Rather, it may be
concluded that conditions differed between El Camino Hospital and the other
six hospitals both before and in the period after ECH had installed the MIS
system.

Furthermore, using the 18-month regression results shown in Table
12, the rise in length-of-stay experienced by the comparison hospitals in the
experimental period (3.32%) explains roughly half of the increase in nursing
hours per admission experienced by the other hospitals (6.52%). El Camino
Hospital continued to experience a downward trend in length-of-stay, it might
be argued, as a result of the MIS system. Two aspects of this argument may be
distinguished: (1) reduction of length-of-stay because of faster return of
diagnostic results which promotes earlier discharge of the patient; and (2)
significantly improved level of utilization review achieved as a result of
computer-assistance. The first argument is somewhat tenuous and also is
discussed under Nonlabor Cost Benefits. The second argument merits consider-
ation and further analysis, since largely as a result of computer assistance
to the utilization review process at El. Camino Hospital, the proportion of
patients reviewed has doubled from 50 percent to nearly 100 percent. Approxi-
mately 90 percent of the reviews can be accomplished at the VMT using data in
the system.

Lastly, to further confound the results, it can be argued that there
may be a phase difference between ECH and the other hospitals with respect to

the variables studied (labor and operating parameters). If El Camino Hospital ﬁ;f

and the other hospitals were out of phase for some reason, the trend analysis
technique used to analyze the data could be comparing different portions of
the cycle. Length-of-stay data present some possible evidence to this effect.
In the experimental period, an upturn in length-of-stay was noted for the
comparison hospitals, ending a several-year downward trend. ECH's length-of-
stay continued to trend downward during the experimental -period; however, it
recently has begun to rise slightly.

In summary, without further research and analysis, it is difficult-
to arrive at a definitive conclusion regarding the role that the MIS system
played in comparative differences between E1 Camino Hospital and the other six
local hospitals that were analyzed.

‘Nonlabor Cost Benefits

The analysis of nonlabor cost benefits falls into three basic categories.
The first of these i1s the impact of the MIS system on such revenue sources as
lost charges, late charge write-offs, cash-flow changes, and volume changes in
ancillary service orders. The second category which may experience an impact
is that of material costs, primarily changes in the need for preprinted forms.
Other miscellaneous incidental savings comprise the third category, covering
items such as equipment needs and their maintenance, and persomnel supplies.
Each of these three categories is discussed further below.
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Revenue Impacts

Suggested potentially beneficial revenue impacts were considered in the
areas of lost charges, late charge write-offs, cash flow improvements, and
volume changes in ancillary service orders. The following ¢onclusions were
reached concerning potential revenue impacts for each of these areas.

Lost Charges. Hospital audits in years previous to the implementation of
the MIS system indicated that '"lost" charges were not a significant problem at
ECH. Nevertheless, analyses were conducted under the auspices of the evalua-
tion study to determine the impact of the new information system on the lost
charge phenomenon. These analyses essentially confirmed the fact that ECH
would benefit little from improved charge capture. . Lost charges were not a
significant problem at El Camino Hospltal before 1mplementat10n of the system,
nor were they afterward.

Late Charge Write-Offs. Before the implementation of MIS, late charges
of amounts under $50 were "written off" as it was found that the average cost
of re-billing and collection exceeded that amount. Because there are no 'late

. scharges" under MIS system operation, an average monthly savings of $900 has
”ﬁbeen achieved. :

# Cash Flow. A second source of increased revenue from accounts receivable
was expected because of the existing ability to move the billing date one day
- forward, thus realizing a one-time cash flow increase in the amount of one
day's receivables (valued at $50,000) and ongoing savings equal to the inter-
t on that amount (about $250 per month). Because certain areas of charge
collection still involve input of charges via separate light-pen selection
e.g., Operating Room, EKG, Blood Gases, and Clinical Pathology) and accelera-
tion of billing would require input of all charges within 24 hours of dis-
charge, this option was not considered financially attractive and thus was not
implemented.

Inventory reduction in the Pharmacy associated with conversion to
the unit-dose system was accomplished in the amount of approximately $10,000.
Interest costs on this amount yield savings of roughly $50 per month, given a
six percent annual interest rate, Since it is cost beneficial to implement
unit dose with the MIS system, unit-dose savings can properly be included as a
part of total system cost benefits.

Ancillary Service Volume. For systems in which the physician interacts
directly with the computer, it has been hypothesized that increased ordering
of ancillary services, particularly diagnostic tests, would take place because
of the existence of a complete "shopping list" of all tests which is readily
available as a part of the ordering process. Since the ancillary services in
the hospital generally are preofit-making centers, increased revenue would
result.

This hypothesis was tested in the first year of system operation
{1972) with negative results. Although further studies for the years 1973 and
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1974 have not been carried out, neither have abnormally large growth rates
been observed by ancillary services. The 1972 investigation of this effect
was focused on the Laberatory. Study of other ancillary departments was plan-
ned if positive findings were discovered. The analysis was accomplished by
tracking the growth rates per patient day of various categories of tests over
the last four years via least squares regression fits.

The raw data comnsisted of the monthly values of the following vari-
ables: The number of total laboratory tests per patient day, the number of
total tests excluding new tests (new tests which became available over the 4-
year period) per patient day, new tests (tests added over the 4-year period)
per patient day, common tests (the set of tests which constituted approxi-
mately 90% of the volume) per patient day, and uncommon tests (those com-
prising about 10%Z of the total volume) per patient day. These values then
were plotted by year and the average growth rate was determined by fitting
linear or exponential curves to the data by the least squares regression
process. Curves (linear vs. exponential) with the lowest standard error then
were selected to represent the growth for particular categories. OGrowth in
total tests per patient day varied from a negative 9.25 percent per year in
1969 to 21.3 percent per year in 1970.

Beginning in January of 1972, MIS was sequentially implemented over ..
a 9-month period., The period October through December represented fairly
stable operation; yet, total tests per patient day dropped from an annual
growth rate of 4.9 percent in 1971 to 3.65 percent in 1972. Exogenous vari-
ables such’'as admissions, patient days, length-of-stay, diagnostic mix, and so
forth were essentially unchanged during the period. Total tests minus new
- tests introduced since 1969 also experienced a decline in growth from 0.7
percent per month in 1971 to 0.15 percent per month on a per-patient-day
basis. The growth rate of the common tests fell similarly. These declimes
" were countered by a significant rise in the growth rate for new tests and
uncommon tests which dncluded the set of new tests. It is possible that the
increased popularity of the new tests set was increased by the expanded selec-
. tion list so readily available; however, normal experience would predict their
increasing popularity over time. In addition, a shift from the SMA-12 chem-
istry panel to an SMA-6/SMA-18 combination in November of 1972 contributed
substantially to the rise in uncommon and new test growth rates.

The conclusion of this. investigation is consistent with findings in
the study of changes in ancillary service volume conducted by Battelle/KMB and
discussed in their reporting. Thus, as of the date of this report, the occur-
rence of this phenomenon has not been discernable as a separate and identifi-
able influence at ECH. If such an influence is in fact operating, its magni-
tude appears to be well below that of other exogenous variables such as in-
troduction of new tests, change in physician ordering patterns, and normal
growth. Although such an effect might be more likely tc be observed at a
teaching institution, our experience suggests that its magnitude is not as
significant as predicted. : -
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Material Losts

The majority of the preprinted forms used in the course of patient care
now are printed by the computer printers. Attendant forms savings currently
constitute $3,900 per month. '

Small savings ($100 per month) in the reduction of wasted patient meals
appear to be possible, but have not yet been realized.

Cost Avoidance‘

A reduction in pneumatic “tube maintenance costs has resulted in a time
savings of 20 hours per week or approximately $500 per month.

. A reduction in flat work printing was accomplished since many flat work
forms are replaced by MIS. It is expected that over ten man-hours a week may
be available if properly utilized. The monthly savings is estimated to be
about $200 per month,

The automatic interface between MIS and BOS provides for automatic
]charglng which in turn obviates the need for two keypunch machines, A hos-
3p1tal leasing such machines would save $160 per month. At ECH, these were
:prov1ded by Technicon and included in the price of the contract.

Direct variable overhead savings were not measured. However, one can

’expect some savings even though not directly measurable in the area of per-
rgonnel supplies, costs of payroll, costs of personnel services, equipment, and

~'Potential Changes in Length-of-Stay

Another cost benefit occasionally advertised by vendors of hospital in-
formation systems is reduction in patient length-of-stay (L0OS). Two aspects
of this claim merit consideration. First, reduction in patient length-of-stay
(if it can be proven to result from implementation of the system) must be
matched with excess demand in order to effect improved utilization. Many
hospitals in the United States do not enjoy excess demand except in certain
patient categories (e.g., elective surgeries). Secondly, it is difficult or
impossible to rigorously demonstrate the causal link between introduction of
the system and reduced length-of-stay. The usual rationale made for this
argument revolves around faster turn-around time for ancillary orders (par-
ticularly diagnostic tests). Faster turn-around time, so the argument goes,
returns results to physicians sooner, allowing them to discharge patients
sooner. The introduction of the automated interface for certain laboratory
tests, when combined with MIS, has resulted in some physicians entering
laboratory orders in the early morning, retrieving results shortly after noon,
writing additional orders, and obtaining test results in the late afternoon.
This achievement of two turn-arounds a day provides the potential for reducing
patient length-of-stay in some cases.
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There are, of course, some other quality improvements in information
processing which may have an impact on length-of-stay (e.g., linkage between
Dietary and Nursing which prevents the supposedly fasting patient from re-
ceiving a meal, which may result in another day of stay). However, it is
almost impossible (except by correlative inference) to tie changes in length-
of-stay to intreduction of a total hospital information system. The impact of
the utilization review process being widely introduced in the United States
probably overshadows the information system effect. Nevertheless, the hospi-
tal administration is convinced that MIS is a significant factor in the re-
duced length-of-patient-stay. The data presented in Table 17 show a gradual
downward trend for both pre-MIS and post-MIS implementation years, with a
sharp decrease in 1972---the year that MIS was implemented.

TABLE 17

AVERAGE LENGTH~OF-PATIENT-STAY
AT EL CAMINO HOSPITAL
OVER THE PERIOD 1969 THROUGH 1974

Length-of-Patient-Stay

Year (in Days)
1969 5.67
1970 5.50
1971 5.38
1972 : 5.02
1973 5.08
1974 4.87

Summary

At El Camino Hospital, cost savings grouped under the nonlabor category
include material cost savings (mainly multi-part forms), small revenue in-
creases, and other incidental cost avoidances achieved through reduction of
pharmacy inventory, printing volume, and service needs of the pneumatic tube
system, For the 5-year period from FY75 through FY79, these monthly nonlabor
cost savings are summarized in Table 18. In the aggregate, these savings
represent in the neighborhood of five percent of total cost savings.



TABLE 18

MONTHLY NONLABOR COST SAVINGS BY SOURCE

Average Monthly Savings

Nonlabor Cost Savings Source FY75 FY76 FY77 FY78 FY79 5-Year Average
Preprinted Forms Savings 83,900 $4,212 $4,549 $4,913 $5,306 $4,576
Late Charge Capture 900 972 1,050 1,134 1,224 1,056
Flat Work Forms Printing Reduction 200 216 233 252 272 235
Pneumatic Tube Maintenance 500 540 583 630 680 587
Pharmacy Inventory Reduction Interest 50 54 58 63 68 59

TOTAL $5,550  $5,994  $6,473 $6,992  $7,550 $6,513

TeT
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6. REALIZATION OF ECONOMIC BENEFITS

Nursing Cost-Benefits Realization

The realization of potential labor savings in nursing was approached in
three phases. Phase One, an initial pilot project on one nursing unit, was
undertaken by one ECH management engineer and one nurse to determine the
extent of potential labor saving benefits achievable. Phase Two involved a
25-week program wherein a team of two management engineers and three nurses
evaluated the potential labor savings and developed the methodelogy required
to achieve this level of labor savings throughout nursing. This. second phase
was patterned after the experiences of the pilot unit. The third phase repre-
sented the continued implementation, refinement, and extension of the programs
started or recommended by the evaluation team in Phase Two.

Pilot Project

After system installation had been completed in October of 1972, one

.nursing unit---a 3Z2-bed GYN surgical unit, was chosen for the pilot cost-

-benefits realization project. Objectives were twofold. The first objective-

‘‘concentrated on realization of actual savings---the time that was formerly

spent in information processing, now made available with .the implementation of

‘MIS. This -realization of labor savings was accomplished in two stages. 1In
,the first stage, each type of job category on a nursing unit (RN, clerk, aide,

" .etc.) was analyzed, paying particular attention (1) to those activities with

':<fiexible accomplishment times, that is, the performance of the task could be
.~moved about within the shift or transferred to other shifts, and (2) to in-
formation processing tasks. The second step involved restructuring these

. tasks and smoothing the fluctuations in the workload throughout the shift in
‘order to arrive at the lowest possible staffing level, utilizing most advan-

tageously the time available of each job category. The second objective
sought to plan a stabilized staffing level on the basis of re-allocated work
content and normal workloads that would realize the labor savings available
through MIS. It was necessary to do this on the basis of the average or
slightly above average workload. If changes were made based on the less-than-
normal workload or on an unusually high workload, a severe distortion in the
staff's workload and staffing patterns would be created. The staffing plan so
developed was to be reviewed on an ongoing basis by the head nurse, charge
nurses, and thelt supervisor to insure its appropriateness.

The project was conducted using the following methodology:

1. Observation of the unit on all three shifts, to document
nursing activity and its rationale.

The observation period was one of noninvolvement in the
unit's activity, used to gather information and to
develop understanding of the unit's pattern of operation
and the reasons for this pattern.
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2. Analysis of the observations, formulation of recommen-
dations, and development of a plan to 1mplement the
recommendations.’

-
Analysis involved documenting and placing in time
sequence, when possible, the routine activities of
each job on a nursing station. Tasks then can be
reassigned among the staff to consolidate related
tasks and to even the workload over the shift.

3. Meetings with the head nurse, charge nurses, and the
supervisor to discuss the analysis and recommenda-
tions. Modification of recommendations and flnallza-
itions of plans for implementation.

4., Meetings with all staff on each shift and discussion
of the analysis, recommendations, and implementation
plans for that shift.

5. Training and scheduling of staff required to imple-
ment the recommendations. ] ;

6. Implementation of recommendations with close support
to avoid problems and to refine the recommended
changes as needed,

7. Evaluation of the changes after a suitable test
period with input from all staff members.

Because this was a pilot project and because neither the Nursing Service
nor the Management Engineering Department had any experience in this type of
program, Steps 2 through 7 above represented an iterative process involving
trial and error until the staff was able to assimilate a feasible work routine
at a staffing level acceptable to both the management engineering team and to
the nursing staff on the unit. The result of the effort was a reduction of
3.2 FTE's from a potential of 3.84 FTE's for the unit. The details of the
staffing changes are presented in Table 19,

The major change required to accomplish these staff rediuctions involved
the redistribution of and assignment of priorities to the time-flexible tasks
or tasks constrained to an interval of time in a way which would reduce the
workload peaks to the lowest possible level during each shift. In some cases,
this meant redistributing tasks from one shift to another. For example,
preparation of the discharged patient's chart by the ward clerk for Medical
Records was moved to the evening shift instead of being done at the time of
discharge. Head nurse and.charge nurse roles were affected most dramatically
by MIS, followed by ward clerks and thirdly by RN's and LVN's. The least
affected job role was that of the nursing assistants.
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TABLE 19

COST-BENEFITS REALIZATION TABLE OF PILOT UNIT
STAFFING PATTERN BASED ON AVERAGE CENSUS

Before Analysis After Analysis
" Week ' Weekend Week Weekend
DAY SHIFT
Head Nurse Head Nurse’ Head Nurse Head Nurse’
Asst. Head: 2 RN's Ward Clerk 2 RN's
Nurse
Ward Clerk 2 Aides C 3 RN's 2 Aides
3 RN's 3 Aides
3 Aides
§ Total = 11.0 FTE's Total = 10.0 FTE's
EVENING SHIFT
:4:?Asst. Head Asst. Head Asst. Head Asst. Head
. Nurse Nurse Nurse Nurse
‘. Ward Clerk 1 RN Ward Clerk 1 RN
' 2-3 RN's 2 Aides 2 RN's 2 Aides
3 Aides 3 Aides
Total = 9.4 FTE's Total = 8.6 FTE's
NIGHT SHIFT
Asst. Head Asst. Head Asst. Head Asst. Head
Nurse Nurse Nurse Nurse
1 RN 1 BN 1 RN 1 RN
2 Aides 1-2 Aides 1 Aide 0-1 Aide
Total = 5.6 FTE's™ Total = 4.2 FTE's
3-Shift Total = 26 FTE's 3-Shift Total = 22.8 FTE's

NET REDUCTION = 3.2 FTE's

-
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The actual process of achieving the realization of economic benefits from
MIS was an iterative one. Different modes of operation were tested by the
staff utilizing both their own ideas and those of the cost-benefits realiza-
tion team in order to even the workload over each shift, to discontinue re-
dundant or unnecessary tasks, and to change an internal organization so as to
improve the overall efficiency of the unit, It was necessary to change the
working atmosphere from one in which members of the staff were very reluctant
to try new ways of doing things to one in which they would experiment with
ideas of their own. The historical method of work assignments and work
patterns had to be modified drastically before economic benefits could be
realized.

The first change that needed to be made involved redefinition of the ward
clerk's role. Her role was to be the center of information processing. Using
MIS, it was determined that all nonprofessional information-processing tasks
on the unit could be consclidated and carried out by the ward clerk. When
such tasks were properly scheduled and assigned appropriate priorities, the
resulting workload represented less than a full-time job. At times it was
found that the information processing would back up, and it was very natural
for a nurse to want to step in and help out. It was discovered that this
practice could be avoided except in emergency clrcumstances. The ward clerk
also had time to improve the efficiency of telephone communication to other
hospital departments and physicians.

The charge nurse or head nurse, who formerly assisted the ward clerk in
her duties much of the time, now had time for more appropriate duties such as
involvement in direct patient care activities as well as unit management
activities. These role changes inveolving the ward clerk, head nurse, assis-
tant head nurses, and charge nurses applied to both day and evening shifts.

In both cases the information-processing and communication functions were
assigned to the ward clerk, thus relieving the nurses of these functions as
much as possible. The charge nurses then took on more patient care duties or
direct support of staff RN's in patient care situations. One of the secondary
goals of this reorganization involved training all nurses to be able to take
charge of the unit. The expansion of the communication patterns on the nursing
unit brought about by the implementation of MIS enables the nurse to handle a
wider spectrum of patient care and physician situations. This increase in job
scope obviously could be accomplished without MIS, but would require addition-
al staff rather than less staff to implement. Under the new organization,
charge nurses could assume definite patient care assignments or be available
on a regular basis to support the staff when a situation developed requiring
additional help. This adjunctive role could be taken on as part of the
regular assignment without postponing information-processing tasks as happened
before the implementation of MIS when the patient workload exceeded existing
staffing.

The changes made on the night shift are easier to describe and discuss.
The cause and effect relationships are more evident because of the small
number of staff and the greatly reduced level .of patient, nurse, physician,
and other hospital department interaction on this shift. The staffing on the
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night shift changed from two RN's and cne to two nursing assistants to two
RN's and one or no nursing assistants. These changes could be made because
MIS removed the clerical duties such as preparation of tomorrow's X-ray and
laboratory requisitions, reordering of medications, and updating of patient
Kardexes. With these tasks eliminated, the staff's efforts could be focused
more on patient care activities, One of the major obstacles that had to be
overcome was the traditional hierarchy of work categorized into "RN" and '"non-
RN" duties. Traditionally, each RN and aide team took all the patients on one
hall and the other RN and aide team took the patients on the other hall.
Therefore, the staffing requirement for that unit was two RN's and two nursing
assistants. It tock some time and effort before the nursing staff was able to
assimilate the idea of flexible roles and patient assignments depending on the
patient's needs as assessed by the nurses. The traditional method had been
typified by very functional, rigidly adhered-to roles. Under the new method,
flexible roles and patient assignments were determined at the beginning of
each shift, dependent on the staff size and needs of the patients.

The results of the pilot study showed that most of the labor savings
potentially available through MIS could be realized. Current laboer statistics
for this unit indicate that an additional 0.4 FIE is being realized, bringing
sthe total staff reduction on .the unit to 3.6 FTE's.

'fAcce]erated Cost-Benefits Realization Program

At the conclusion of the pilot project, the hospital recognized that it
needed to substantially increase its effort in cost-benefits realization
programs in order to garner the labor savings available through MIS. This
1ncreased effort took the form of a 25-week program involving an additional
management engineering consultant, a Technicon management engineer, and two
“nur51ng consultants to assist the existing ECH management engineering and
‘nurse realization team.

As evidenced by the results of the pilot unit project, it was felt that a
major portion of the potential labor savings was realizable. Consequently,
the objective of the accelerated cost-benefits realization program in nursing
was to (1) determine if comparable cost savings could be achieved in other
areas of nursing (i.e., could the experience of the pilot unit be translated
to the rest of nursing and similar labor savings be achieved?}; (2) refine and
develop the pilot project methodology, technology, and management tools needed
to produce sustained economic benefits in nursing, and (3) facilitate the
transition of staff levels from pre-MIS to post-MIS levels,

The methodology for the accelerated realization program was very similar
to that of the pilot project. It involved an observation period where the
team looked for (1) areas where work was eliminated or added because of MIS:
(2) tasks having variable performance time which could be used to even the
workload distribution; (3} methods and procedures that should be changed for
better utilization of personnel; and (4) problems that kept the nursing staff
from operating at its optimum level.
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The analysis of these observations was discussed with unit personnel to
elicit feedback from the staff. This forum allowed them the opportunity to
participate in the decision process and to understand the rationale used in
recommending staff reductions. As the first step in realizing improvements,
an implementation and trial period was undertaken. During the trial period,
experimentation with the suggested improvements as well as with ideas gener-
ated by the staff themselves was encouraged and supported by the realization
team. These personnel usually worked in pairs consisting of an engineer and a
nurse observing each shift of a nursing unit for several days. Later in the
project, specific days of the week were chosen to observe on a certain shift
in order to increase the probability of observing particular types of work-
loads. The pattern of observation of like nursing units at the same time was
followed to foster the beginning of standardization on similar umits. Thus,
surgical units would receive similar feedback and recommendations frem the
team. The team needed to spend enough time on the units to observe the spec-
trum of activity and workloads and also enough time to establish a level of
Credlblllty with the staff, which engendered acceptance of the realizatiom
team's recommendatlons.

The results and recommendations of the accelerated economic benefits

realization program were parallel to those of the pilot project. The.poten-
“tial labor savings possible because of MIS were judged to be attainable by the
" evaluation team. Recommended changes involved (1) job role redefinition for
all positions in the Nursing Department, (2) changes to improve and standard-
ize various methods and procedures in nursing, and (3) the formulation of 5
methods to quantify staffing requirements and implementation of procedures. to
use these data to determine near-term staffing requirements.

- The accelerated program produced a wider scope of recommended -and accom--
- plished changes than the .pilot project. because.it encompassed the total
‘nursing department. A project such as this one has an impact on all the -
nursing staff and the way they organize themselves to take care of patients as
well as their communication within the unit, with other nursing units, and
with other hospital departments. Because of its depth, the study also iden-
tified other problems that interfered with the realization of the economic
benefits from the system. To cope with many of these problems, a Nursing
Standardization Committee composed of four head nurses, one supervisor/coor-
dinator, and a management engineer was formed to facilitate the implementation
of the proper methods and procedures for all aspects of nursing unit opera-
tion. The committee worked on both MIS and non-MIS methods and procedures.
Some of the areas that have been worked on by the committee are the imple-
mentation of the correct unit-dose medication dispensing procedures (espe-
cially those dealing with proper use of the computer printouts and proper use
of and stocking of supplies on. the medication cart}; location of supplies on
the units; standardization of nursing unit service requirements for House-
keeplng, General Stores, and Central Service; change in the timing of some
nursing procedures to make the workload more even within and across the shifts
on the nursing units; and implementation of the recommended MIS information-
handling procedures and the standardization of the order and contents of the
patient charts throughout Nursing and with the Medical Records Department.
The committee also served as the vehicle for implementation of these types of
changes.
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By the end of the evaluation pfogram, all nursing units on all shifts had
been observed. The impact of MIS on information processing was evident and
similar on all units. With the reorganization of work and job roles in the
nursing units, it was recognized that the assumption of clerical work by the
computer system had removed a portion of work which was time-flexible in
performance. This flexibility was important in assisting staff in the ac-
commodation of fluctuations in the patient care workload., Before MIS, there
were enough nursing staff on each unit each shift to handle the usual patient
care requirements and the corresponding information-processing tasks. If the
nursing worklead rose because of increased census or patient care require-
ments, people naturally worked faster and harder to handle the increased
needs. If the increase in work exceeded their increased pace, the informa-
tion-processing tasks could be put off until there was time or until after
their shift was over. Thus, much of the manual information processing was
time-variable and acted to cushion peaks in patient care demands. To com-
pensate for the removal of these time-variable tasks, the remaining work
content, a major portion of which was now patient care, was rescheduled as
much as possible to reduce the workload peaks. Also, a near-term staffing
allocation system was designed to adjust the staffing level of each nursing
unit to correspond to the projected worklcad. The scheduling and allocation
isegments of this system were implemented on two medical and two surgical units.
%ﬁpring the 25-week evaluation program. This implementation included the
~introduction of a reporting and control system which is required to maintain
“the newly achieved reduced staffing levels. This system represented a defi-
nite improvement over the methodology used in the pilot project which utilized
‘a very subjective review of staffing requirements by the head nurse. The new
“methodology gave much greater flexibility to staffing and documented the
staffing requirement through the reporting system,

By the middle .of the 25-week program, it became evident that the neces-
~sary changes in job roles, work patterns, assignments, nursing organizational
‘structure, and training requirements could not be carried out on all nursing
units by the end of the program. Also, the normal attrition rate of personnel
would not allow the recommended level of reductions in this time frame.
Realizing this, the evaluation team then made it a point to observe all the
areas of nursing and to document these observations in a report which could be
used as a. guide in the continuing cost-benefits realization effort.

Although some of the areas studied may appear to be outside the realm of
the MIS system, the problems existing in these areas prevented optimum usage
of the time saved by the Medical Information System. Once the MIS system was
operating smaothly, it seemed that the direct work time saved was being uti-
lized to obscure problems existing in the other areas, thus necessitating the
evaluation team's involvement in these areas. Examples of these areas with
problems addressed by the evaluation team include the standardization program
in nursing, recommendations concerning an ongoing in-service education plan
for MIS as well as in-service education for clinical and management aspects of
nursing, and recommendations regarding admission and transfer of patients to
various nursing units, visitors' rules, and the admitting process for the
various categories of patients served by the hospital.
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Continued Cost-Benefits Realization

As part of the continued cost-benefits realization program, the staffing
methodologies were extended to the rest of medical-surgical=orthopedic units,
and modifications to the staffing system were made to make it appropriate for
use by the maternal and child health and the critical care areas. Through the
staffing mechanism and the corresponding management reports, the process of
cost-benefits realization was continued.

The benefits realization process revolved around the head nurse, her
ability to assimilate change, and her ability to organize and manage this
change. The modifications in the role of the unit secretary (ward clerk), the
new role of the charge nurse, new information-processing methods, and the new
methods and procedures to even the nursing workload all must be supported,
understood, and implemented on - a sustained basis by the head nurse. To this
end, the head nurse's role was changed to give her 24~hour responsibility and
authority on her unit. -All staffing decisions were now her responsibility.
Along with this new authority, of course, came accountability. To provide the
head nurse and management with the data necessary to monitor the effects of
the cost-benefits realization efforts, "nursing utilization'" reports were :
developed which documented actual staff used by shift on each unit as compared:.
with.staff required. These reports were reviewed regularly with the head :
nurse and her supervisor.. This review process was used to validate that the
required staff, as identified through the staffing system, was reasonable and
to discuss with the head nurse and her supervisor the correspondence of the
actual staffing to the required staffing. This review of actual versus re-
rquired staff offered an excellent opportunity for discovery of unit problems )
which. always seemed to manifest themselves in‘an excess of actual staff over . = s
. required staff. .

‘Also at this time, an extensive analysis of the historical census pat-
terns by day of the week was done to help the head nurses set up the "best"
scheduling pattern by shift and by day of the week. This procedure helped
reduce the need to float personnel from ome unit to another to meet varying
patient care requirements. Census levels by 4-week periods were predicted to
help the Nursing Department anticipate the upcoming staffing requirement »
level. The goal for the census forecasting model was to forecast the census
for each day of the week for each nursing unit within the equivalent of one
staff member. This tool could then greatly reduce the problem of staff
allocation before each shift. The forecasting model has been in use for
approximately one year. Although the results in predicting the total patient
days by 4-week period have been quite good (usually * 3-5%}, the day of the
week census prediction has not been close enough to be useful in scheduling
the individual units' staff. As a result, the current workload forecasting
methodology involves review of patient reservations for the next three weeks
on a weekly basis to determine the expected level of hospital census.

Reofganization of the Nursing Department
|

Nursing organization changes have been very extensive following the im-
plementation of MIS. The original nursing organization was characterized by
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its hierarchical structure (see Figure 18). Each shift had line responsi-
bility for nursing activity on each unit for that shift. This practice
created three separate nursing organizational hierarchies within the depart-
ment. The nursing unit personnel were reporting to three separate organiza-
tions that were coordinated two levels above. This reporting structure
resulted in decision-making discrepancies among the three shifts at the unit
level.

The reorganization of the Nursing Department was motivated by the desire
to place as much of the decision making as possible at the unit level where
patient care is given, Also, it was thought desirable to give the unit one
line of supervision and direction through the head nurse who is responsible
only to the Director of Nursing. These changes were greatly facilitated by
MIS because the system enabled the head nurse and charge nurses to assume the
additional management activity necessary without increasing the unit's staff-
ing. This change brought increased solidarity to the nursing units across
shifts by giving them a single line of supervision to the nursing director.

The nursing units have been grouped into three complexes-—-Maternal and
Child Health, Medical-Surgical—-Orthopedic, and Critical Care (see Figure 19).
‘The head nurses work together within each group to manage their unit. Each
‘.complex has a rotating leadership position which includes responsibility for
 coordinating management activities which cross complex lines. An Educational
- Resource Group and an Administrative Resource Group were created and staffed
by individuals who formerly held nursing supervisor jobs. These groups were
- formed to provide the expertise required to support the head nurses in man-
.@ging their units and the staff in carrying out their patient care assignments.
~lzabor savings as measured by the Internal Labor Measurements Model can be seen
+in Table 10 on page 100. ‘ '

".Summary of Nursing Cost-Benefits Realization

In summary, implementation of a total hospital information system (itself
a new technology) focused on "cost-benefits realization' as an explicit phase
critically necessary to the introduction of a viable cost-effective computer
technology in the hospital. At the project's inception, it was assumed that
many cost benefits would generally drop out once stable operation had been
attained.

Because of the complexity and pervasiveness of the system at the nursing
level, there was a distinct and explicit implementation phase necessary to
convert potential cost benefits to actual gains in preductivity. After the
system had been physically installed and had attained fairly stable operation,
it was necessary to teach nurses how to utilize the computer technology most .
effectively in handling medical orders, nursing orders, and other information-
processing tasks on the unit. It also was necessary to teach nurses how to
reallocate their time among the new set of activities and to assume new roles
in a substantially modified organizational setting. This process of change
has existed over the last two and one-half years and continues, seemingly, at
an increasing tempo.
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These changes had to be supported with both close management involvement
and new management tools which measure and evaluate the impact of cost-bene-
fits realization efforts. Only under these circumstances was it possible to
reap the potential labor savings by redirecting the time savings into new
nursing activities or releasing it to reduce labor cost.

Ancillary Cost-Benefits Realization

The cost-benefits realization effort in the ancillary service departments
at E1 Camino Hospital can be categorized into three time periods. The first
time period included initial benefits which were derived directly from the
implementation of MIS. These benefits were preplanned and achieved with
minimal effort at the time of implementation. Secondly, benefits were achiev-
ed as a result of an accelerated ancillary realization program. This program
was undertaken after implementation from March through July of 1973 by ana-
lyzing the cost impacts of the MIS system in the ancillary areas and by devel-
oping work methods to convert potential cost benefits to actual savings. A
team consisting of two ECH management engineers and one Technicon system
analyst performed studies in Clinical Pathology, Radioclogy, the Pharmacy, EKG-

EEG, the Emergency Room, Central Service, Admitting, and the Business Office.

This team in the first phase of operation identified and realized all of the:

cost benefits that were a direct result of implementation of the system. In a+’

second phase, they sought additional cost benefits through hospital methods
improvements oriented toward best utilization of MIS in intra- and inter-
departmental activities. The third period is an open-ended ome involving
realization of economic benefits developed in the period following July 1973,
resulting from further development :and refinement of the MIS system and: con-
tinuing management engineering efforts. The ancillary cost-benefits reali-
zation process-is discussed further by department. A

Admitting Department.

Initial cost benefits in the Admitting Department involved the reduction
of patient registration time, substitution of MIS labels in place of the
Addressograph patient identification'plate, and the elimination of the. distri-
bution of admit notices throughout the hospital, Since 60 percent of all
patients are pre-admitted in MIS, including almost all elective surgeries,
registration can be achieved in as little as five minutes.

The first task undertaken during the accelerated ancillary realization
program involved documentation of all manual operation procedures and a com-
prehensive study of all workload factors and requirements using MIS. A new
set of job procedures eliminated many previous tasks that were now redundant
or not necessary with MIS. New products developed to improve MIS utilization
included a pre-admit list, an elective surgery list, daily admission reports,
daily discharge reports, and a real-time bed census. '

With the, basic MIS configuration and these added features, MIS directly
‘replaced two FTIE's of admitting labor. Additionally, because there was little
work during certain time periods, the Admitting Department was closed from 9
P.M. to 5 A.M. during the week and from 9 P.M. toc 8 A.M. on weekends for a

i
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trial evaluation period. During these periods, the Emergency Department
handled unscheduled admissions to the hospital. After a l-month test, the
hospital decided to close Admitting only from 11 P.M. to 5:30 A.M. Friday and
Saturday nights and made a plan to close the department every night from 11
P.M. to 5:30 A.M. when the department moved to its new location in 1%75. By
implementing this program, an additional savings in the Admitting Department
of 1.1 FTE clerks has been realized for a total of 3.1 FTE's, in spite of an
increased number of admissions.

An analysis of all hospital registration procedures was made and new
procedures for the registration of outpatients and Emergency Room patients
were written. An analysis of work content was made in both departments which
concluded that with MIS, all registration procedures could be consclidated
under one department. This reorganization would consolidate registration of
patients and thus ensure the best conditions for proper patient identification
and location and the correct retrieval of patient and guarantor data. In
addition, new services would be provided by extending outpatient registrations
to all times of the day and to all days of the week. This plan has saved the
hospital 1.1 FTE clerks (as noted above) and has a potential of saving one
additional clerk when both inpatient and outpatient registrations are physi-
.cally merged in the summer of 1975.

vEme rgency Department

MIS benefits in this department consist of direct labor savings, improved
‘revenue capture, and faster turn-around time on tests. Improved revenue
;capture comes about by positive registration,; imsurance verification, and
wreal-time generation of account identification and charges in the BOS system.
~Because physician orders are entered directly into MIS and routed to proper
+departments, nurses do not have to prepare test requisitions and tube them to
/the correct departments. This procedure speeds test requests and saves labor.

'Centra] Service

Savings in this department have resulted from automatic pricing of Cen-
tral Service items. Comparative analysis of itemized charging disclosed
actual savings in excess of eight hours per day and a reduction of one FTE.

EEG and EKG

Savings in this department consist of labor saved due to automatic
billing, utilization of "work-completed" lists, ''work-pending' lists, and work
sheet printouts. Clerical task time reduction is approximately two hours per
day.

Business O0ffice

The following cost-saving benefits have been implemented in the Business
Office: (1) The automatic interface between MIS and BOS has eliminated key-
punching and, as a consequence, keypunch labor has been reduced by 3 FTE's.
(2) The Business Office communicates through MIS to the nursing station to
reduce the flow of patients whe must visit the cashier at time of discharge.
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Cashier labor has been reduced by one FTE. (3) The clerk that enters charges
and receipts inte the MIS terminal is entering surgical procedures at the same
time that she enters Operating Room charges. This practice provides the
physician, Medical Records, and the Business Office with timely data necessary
for both billing and the permanent medical record. Fewer phone calls are
placed to the Business Office billing clerks, attributable to better recording
of personal data and charges on patient statements. (4} Labor savings also
occur because each day labels are printed for all Emergency Room and out-
patient visits for the prior day for use on billing folders. This feature .
saves one to three hours of labor per day depending on the number of Emergency
Room and outpatient visits. (5) Insurance data are transferred automatically
to the billing system for the different types of outpatlent and Emergency Room
patient insurance billed.

Inhalation Therapy and Pulmonary Function

These departments did not show labor savings but rather an increase in
labor. This phenomenon is a prime example of an outside variable that had an
impact on the hospital's analysis of labor reduction. These were new de-
partments, opened just before the implementation of MIS, and they experienced

normal growth as their services became known and utilized. Their workload and *

. staffing increased approximately 100 percent. There has been a slight in-
crease in productivity in these departments during this period of expansiomn.

Laboratorz

The Laboratory at this time has not realized any 1labor savings. This
outcome is a consequence of the original system design. As originally de-
signed, laboratory results had to be entered into MIS by means of a clerk
‘rather .than being captured when generated. ' This added function turned out to' "'
be much more time-consuming than anticipated; consequently, the system had to™~

be redesigned to substantially eliminate this added function. The redesign is
 being accomplished by automatically interfacing the SMA 18 and by providing
the capability to input data from other tests using mark-sense cards. Also,
an automatic interface with the Coulter-§ equipment is being developed. After
these changes have been completed, a benefits realization program will be
~instituted in the Laboratory as has been done in other departments following
MIS implementation.

Medical Records

Analysis in this area began with the view maintained by Medical Records
personnel that MIS had caused or increased workload in the department and that
charts had become unwieldy and were missing important data. 1Initial analysis
showed that the physical layout of the department was inefficient and that
poor work flow caused many extra steps. A total reorganization of the de-
partment layout greatly improved the flow. Analysis also revealed that a new
requirement for an abstract implemented two months prior to MIS caused a chart
backlog to . build up. This build-up was compounded by the initial MIS configu-
ration that required all MD's to sign the discharge order in Medical Records.
The first problem was reduced over a period of time; the MIS problem was
corrected in late 1972,
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A problem of chart bulk developed during the first year of MIS use, but
this volume was reduced by substantially improving the chart format. These
initial problems resulted in an increase in staff of three FTE's. As the MIS
problems were reduced, the department acquired additional tasks such as medi-
cal audit and utilization review support. At the same time, the increase in
admissions has resulted in a 14 percent increase in the number of charts that
this department processes.

Final results of analysis in this area have led to the conclusion that
there were no staff reductions in Medical Records. The system does benefit
-the department because they can do a much more complete check on the accuracy
and completeness of charts with the audit trails provided by MIS. With fur-
ther planned developments in MIS of long-term record retention and inclusion
of more data, there will be some resultant cost savings.

Pharmacy

The benefits available in the Pharmacy were a hybrid result of MIS and
the unit-dose medication system, since both were implemented at the same time.
There were benefits that could be attributed to MIS in the areas of direct
y}abor savings, turn-around time, and revenue capture.

e The direct labor savings were attributable to the elimination of the
‘manual charging procedure, the elimination of medication labels typed by the
pharmacist (now MIS-generated), and the elimination of M.D. order sheets
handled by the Pharmacy, which resulted in the reduction of one pharmacist and
_the replacement of a pharmacist with a pharmacy technician. There also was a
ﬂcost avoidance assignable to MIS with the implementation of unit dose because
mthe computer handles all of the clerical work needed to maintain the patient
ffgdlcatlon profile lists. This cost avecidance amounts to three personnel
'based on the experience of other similar hospitals that have implemented a
Unit-dose medication system. The total cost avoidance and reduction then
amounted to four pharmacists and the replacement of a pharmacist by a techni-
cian,

bl

The improved turn-around time results from a more timely transmission of
the medication orders to the Pharmacy. With regard to revenue capture, as
medications are administered and charted by the nurse into the patient's
record, the charge for each medication also is made., This practice results in
the patient being more accurately charged for the medication received.

Radiology

Typing of reports directly into the VMT has eliminated the need to type
patient name and identification and physician name on X-ray interpretations.
Carbons are not involved, saving the time required tc separate copies and dis-
pose of carbon paper. Corrections no longer require erasures on multiple
copies. A portion of the workload is facilitated by predeveloped standard
radiographic interpretive statements, and approximately 15 percent of the
radiology reports generated use these statements. An analysis of multi-part
forms used in this department disclosed a 10 percent waste factor potential
savings caused by ease of retyping versus correcting multiple copies.



138

Prior to MIS, a backlog of dictated reports existed. MIS has eliminated
the backlog. 1In addition, the number of typed reports has increased, addi-
ticnal tasks have been assumed by the secretaries, and secretarial overtime
has been reduced while at the same time the number of secretaries has de-
creased by 0.5 FTE.

After a technician completes an examination, he is required to status the
radiology order in MIS. This procedure requires retrieving the order at the
video matrix terminal and recording the status of the examination. This
statusing process requires from one and a half hours to two hours per day and
partially offsets the savings in other areas. Although statusing is not an
economic advantage to Radiology, it does assist other areas of the hospital.
It provides the nursing units with the status of radiology requests, reduces

the number of phone calls to Radiology, and improves the accuracy of the
nursing care plans.

fa%

The availability of radiographic results through the video matrix ter-
minal at the clerk's work station eliminates the need to pull and replace some
reports. MIS has transferred from Radiology to the Mail Room the function of .
mailing radiographic reports without increasing the Mail Room's staff. This .°
task previously consumed one to one and a half hours per day of file clerk
time in Radiology.
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7. FUTURE EXTENSIONS

To this point, research and development with the MIS system has largely
been oriented towards making the system work not only to design specifica-
tions, but as a valuable, if silent, assistant to health care practitiomers of
all levels in the hospital. Premised on the successful operation of the
system in a cost-effective manner in terms of its basic design specifications
and its extensions, plans have been made to undertake further research em-
phasizing the quality 1mprovement aspects of computer—a551sted patient care
delivery.

The objective of this future research is to design, implement, and
evaluate a computer-assisted Patient Care Quality Assurance System (PACQAS)
which can be overlayed on the existing total hospital Medical Informatiom
System. Because the existing total hospital information system is operational
and cost effective, it is expected that the Patient Care Quality Assurance
System (PACQAS) can be operated at a very low marginal cost utilizing the
existing data base and the computer power supported by the existing funda-
mental MIS applications.

The Patient Care Quality Assurance System would be composed of four
:=igubsystems:

.}@ (1) A computer-assisted, diagnosis-particular, outcome—orlented
Nursing Care Planning Subsystem.

(2) A computer-assisted Patient Care Audit Subsystem which
integrates both concurrent and retrospective aspects of
nursing audit, medical audit, and utilization review into
a coordinated patient care audit.

(3) A computerized Patient-Care-Plan-Based Staffing Requirements
Subsystem.

(4) A computerized Services Coordination Subsystem for patient
scheduling/services coordination from pre-admission through
discharge.

The rationale underlying future extensions of the total hospital infor-
mation system along these lines is presented below. The hub of health care
delivery in the general acute-care, short-term facility is the nursing unit.
Not only is this component important as the largest single user of hospital
manpower, it also represents the center of the information-processing network
which' coordinates the care delivery process. Ancillary resources represent a
close second.

Appropriate organization and efficacious utilization of nursing and
ancillary resources thus is critical to :the welfare of the community hospital
sector. As students of management have long reiterated, planning plays a key
role not only in the effectivenss with which resources are used, but alsc in
the efficiency of their use. These two parameters obviously relate to the
quality of health care services delivered and their associated cost.
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From a theoretical viewpoint, patient care planning (particularly nursing
care planning) has not been neglected. Numerous forms and formats exist;
however, in the reality of day-to-day nursing this devotion turns largely to
lip service because the theoretical tenets of nursing care plamning have not
been made operational. The failure to do so stems primarily from the problem
of data management, particularly for the more sophisticated nursing care '
planning systems. Nurses generally regard care planning as yet another task
-—-one with little associated reward for the amount of time required. Real-
izing that nursing care planning is key to the improvement of nursing quality
and containment of its cost, we have sought to overcome the traditional bar-
riers associated with making operational sophisticated patient care planning
by building on our successful total hospital information system experience.

In particular, we are drawing upon our success with a less sophisticated form
of computer-assisted nursing care planning which is coperational throughout the
hospital. ' ‘

In extending our efforts, we have implemented and successfully tested on
a pilot basis a computer-based form of diagnosis-particular, outcome-oriented
nursing care planning. It is the initial subobjective of the future research.
to further refine, thoroughly evaluate, and then install throughout the hos-
pital this computer-based patient care planning system.

A preat deal of our interest in this particular form of care planning
revolves around its cutcome-oriented nature. Not only does this focus make
good sense from a nursing management perspective, it also provides a vehicle
for integrating the management mechanisms of nursing labor resource allocation
and quality control. The measurement of the attainment of expected patient . gﬁi
care outcomes provides a mechanism for the appraisal of nursing care quality .
which is both appropriate as a measure of quality, and, importantly, integral
as a part of the planning process.

Secondly, the medical tasks, nursing problems, expected outcomes, and
plamming deadlines specified provide an obvious framework for détermining
near-term nurse staffing requirements. Again, the use of these elements for
staffing is both appropriate from a staff prediction standpoint and integral
to the care planning process. _ Thus, through the implementation of the speci-
fied form of nursing care planning we obtain as spin-offs a Patient Care Audit
Subsystem and a Patient-Care-Plan-Based Staffing Requirements Subsystem, both
of which offer assurance of significant improvements in quality. .

By adding a fourth subsystem (Services Coordination Subsystem), we obtain
what is essentially a hospital-wide Patient Care Quality Assurance System.
The total PACQAS system has a particularly unique quality. It is anticipated
to operate at little or no increase in cost as a part of the existing system
which has been previously shown to be cost beneficial. Once having the total’
hospital information system, we thus obtain the operation of the Patient Care
Quality Assurance System for little additional overhead.
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The significance of PACQAS is that it will draw together and coordinate
various quality assurance programs (viz., medical audit, utilization review,
appropriate staffing, hospital quality control, nursing quality control, and
nursing audit) into a single hospital-wide patient care quality assurance
system. It is suggested.that such a coordinated approach to qualit9 assurance
will have a synergistic effect which will produce a net quality improvement
greater than the sum of its parts.

Three of the subsystems utilize a common focus (nursing care problems and
their associated expected outcomes) in a unique, mutually complementary way.
Resource allocation is based on production of the expected product (instead of
process), and it is this product that is measured for quality. The results of
quality measurement then feed back to affect resource allocation.

The data base and computer power supported in a cost-effective manner by
the existing operational total hospital information system provide the capa-
bility for realizing significant quality improvements at very low marginal
cost. The demomstration of this substantial quality payoff associated with
implementation of a hospital information system will significantly enhance the
jcllmate of acceptance for such systems.

" It is the general conclusion of the Project To Demonstrate. and Evaluate a
Total Hospital Information System in a Community Hospital that operation of
such a system in a community hospital is not only feasible, but also can be
cost effective. Furthermore, it can bring about many improvements in the
'quallty of health care delivery and play an instrumental role in the achieve-
ment of many more. 1In arriving at such a conclusion, the project documents an
facceptance of computer technology as a viable means for dealing w1th some of
the significant problems facing the health care field today.

The extensions of this technology envisioned in this concluding section
are technologically close at hand and represent a second, higher plateau of
computer applications wherein computer involvement is extended from assumption
of clerical work to provision of information for enhanced decision making and
manipulation of data to provide information heretofore unavailable.

The material presented in this report thus represents only a tip of the
iceberg in terms of the potential ability to be gained by further extensions
of automated information-processing capabilities in the health care arena.
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Introduction

Introduction of the specific form of computer technology descrihed in
this report into the community hospital sector was originally proposed as a
technological means for contending with the growing impact of three widely
acknowledged problem areas: burgeoning clerical workload, sharply rising
labor rates, and under-utilization of professional nursing skills. By trans-
ferring to the computer a major portion of the clerical work which is neces-
sary to the delivery and documentation of care in an acute care setting, such
a system, it was postulated, could (1) reduce the amount of clerical work and
consequently staffing levels, (2) provide a hedge against inflation by re=
placing rising labor costs by fixed-price capital equipment, (3) improve
resource utilization by freeing nurses for more duties commensurate with their
professional skills, and (4) enhance quality by reducing errors, improving
communication, and expanding the informational data base available to staff.

More specifically, the hospital information system which forms the focus
of this report was designed to assume the substantial clerical burden spanning
the originating point of medical directives (the doctors' orders) to the
documentation of their completion (e.g., medications given or test result
values). The system also would take over the amplification of such orders
into nursing care plans and supplemental communication necessary to carry ocut
orders, to document patient status, and to communicate patient information.

In plain words, it was designed to take over the bulk of paperwork that nursing,

and ancillary staff traditionally have had to assume. In order to perform i
these functions, this system would have to do three basic things: (1) providé {
a means for capturing information at its source, (2) provide a means for ’
computer processing and storage of these data, and (3) provide a means for
display and printout of these data.

An Overview of MIS

This is a description of the Technicon Medical Information System (MIS)
as it actually operated at El Camino Hospital in 1975. System operation in
other Technicon client hospitals varies somewhat from this description. MIS
is a hospital-wide system which uses a computer to store data and to send it,
automatically or upon request, to the people who need to act upon it., The
computer adds speed and accuracy to the transmission of information throughout
the hospital and also performs many data processing tasks such as sorting,
copying, filing, summarizing, checking for abnormal data, pricing, and a
variety of other functions which are usually done by physicians, nurses,
technologists, clerks, and other hospital perscnnel. A broad range of medical
data (physicians' orders, test results, etc.) and administrative data (re-
~spongible party, insurance coverage, etc.) are processed by the computer.

Hospital persomnel communicate with the computer by means of two devices:
the Technicon Video Matrix Terminal (VMT) and the Technicon Multiprinter. The
VMT consists of a television screen, a.light pen, and a keyboard (see Figure
A-1). VMT's are located throughout the hospital and are used to record (send)
new information to the computer, or to retrieve information such as laboratory
results, the time of the last dose of medication, and so forth. Each person
who is authorized to use the VMT has a unique idenctification code. This code
limits the capability to send and receive information, based upon the individ-
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Figure A-1. Technicon Video Matrix Terminal (VMT) of
the Type Installed at E1 Caminoc Hospital.

Figure A-2. Technicon Ink Jet Printer of the Type
: Installed at El Camino Hospital.
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ual's position and the hospital's policies concerning data access control,
Use of the VMT is based on the elementary communication techmique of pointing.
The television screen is used to display lists of items, for example, labo-
ratory tests. A specific item is selected by pointing the light pen at the
desired word (or phrase) and pressing a switch on the barrel of the pen.

Using the light pen, a physician can select the specific patient, and then
“"write" a full set of medical orders (laboratory work, medicatiocns, X-rays,
diet, activity, vital signs, etc.). The computer then stores the orders and
sends appropriate documents (e.g., laboratory requisitions, pharmacy labels,
and X-ray requisitions) to the proper hospital departments.

The keyboard on the VMT is used to supplement the light pen. In depart-
ments such as Admitting, the keyboard is used extensively to record the
patient's name, address, responsible party, and other such information which
cannot be written using the light-pen technique. Physicians, nurses, and
.other hospital personnel use the light-pen technique extensively and employ
the keyboard only occasionally. The keyboard permits complete freedom to
write special instructions or unique orders that are not available for light-
pen selection.

The Technicon Multiprinter is a quiet, high-speed, computer-driven, ink
jet printer (see Figure A-2). These printers are located throughout the
hospital so that each document prints where it is needed. Computer-produced
printouts, in addition to those referred to previously, include the following: "
Patient Care Plans, Medications Due Lists, Laboratory Specimen Pickup Lists, -
Cumulative Test Results Summaries, Radiology Reports, Discharge Summaries, and-
more than one hundred documents. '

\

In summary, MIS is a comprehensive data system for patient care and hos-
pital management functions. It uses a large-scale computer and advanced
input/output devices to record information at its source and to make this in- =
formation available throughout the hospital when and where it is needed. Its =
basic objective is to provide better patient care and more efficient hospital
operations through an improved communication system. MIS substitutes computer
processing for manual data processing, thus gaining advantages in terms of
speed, accuracy, cost, legibility, and completeness and consistency of data.

’ MIS Scenario - Admission to Discharge
A patient's computer record originates when he is admitted or pre-admitted.
Using special VMT displays which are similar in content to conventional Admit-
ting forms, the admission clerk assembles the patient's basic record, con-
sisting of name, age, sex, address, insurance coverage, and so forth. The
computer stores this information and makes it available for use by physicians,
nurses, and other hospital personnel.
|
The physician, upon identifying himself by typing in his code at any VMT
keyboard, receives a list of his patients on the VMI screen, He selects a
particular patient and then can either write new orders for the patient, or
review any previous orders or test results, When the physician writes new
orders or renews or discontinues previous orders, a New Orders sheet is imme-
diately printed at the patient's nursing station. In addition, all orders
1
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are automatically printed as service requisitions in the appropriate hospital
departments. Each requisition is uniquely formated to minimize handling. For
example, a laboratory requisition prints in the form of a work sheet for the
specific test ordered, including spaces for all results to be filled in. 1Im
addition, the computer periodically prints Specimen Pickup Lists presorted in
bed number sequence. For each drug order, the computer automatically prints
appropriate documents in the Pharmacy---a prescription record, a gummed label
for the medication bottle, an allergy alert notice, and a patient medication
profile for use in pharmacies employing "unit-dose" dispensing. Dietary
orders print in the form of a consolidated Diet Orders List, generated just
prior to each meal. This Dietary Department printout is in bed number se-
quence with a separate page for each nursing statiom.

The computer also generates many follow-on documents as a result of
medical orders. These include the following: Medications Due Lists printed
at each nursing station for each hour of the day, Daily Orders Summaries
which show both newly written orders and all current orders, and Reminder
Notices for overdue laboratory work, medications, and so on. For all orders
which are to be accomplished on a future date, the computer automatically
schedules these requisitions to print in the appropriate departments on the
correct dates. ‘

When the Laboratory, Radiology, or other service department has completed
y diagnostic test or examination, the results are entered into MIS by light
- ~pen, by specialized keyboard, or by direct hardware interface, depending upon
i 'which method is most efficient and accurate. As test results are entered into
" .the computer, they immediately become available for screen retrieval by autho-
rized personnel at any VMI. 1In addition, the computer summarizes and prints
»:all laboratory results for each patient periodically at the nursing station.
‘Stat. tests receive special immediate processing throughout the system, and
he Laboratory also has the capability to assign "RUSH" (immediate) processing
fo any unusual test result.

Just prior to the start of each shift, the computer prints a Patient Care
Plan for each patient. This document combines diet and fluid balance orders,
medications to be given, laboratory work, nursing instructions, and patient
data such as "wears dentures" or "speaks Spanish.' The care plan is used for
the shift change report and for giving (and annotating) care throughout the
'shift. Nurse reporting of medications given, intake and output, and other
patient data is done by VMI using special video displays and the light pen.

Every night the computer reviews each patient's record to determine the
charges that have accrued for the day (e.g., daily hospital service charge,
medications given, and laboratory tests). The appropriate charges for each
item are looked up by the computer and the billing file is updated.

After the patient is discharged, the computer goes through the complete
patient file and prepares a series of documents, including a Test Results
Summary, insurance forms, the patient's bill, and a Medical Record Abstract.
Throughout the patient's stay in the hospital, and at discharge time, the
computer has printed a series of documents which now become a part of the
chart to be filed in Medical Records. In addition, the patient's complete
computer record is retained on magnetic tape at the computer center.
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A Detailed Description of How MIS Functions
(by Departments and User Groups)

Admitting, Outpatient Department, and Emergency Room

Admitting clerks use VMT's to generate, review, and modify patient ad-
mission records. Data are typed directly ontc 'video forms' on the VMT screen
rather than on paper (see Figure A-3). The computer stores admission data,
assists in bed assignment, and automatically prints admission records and
notices at various locations in the hospital. The following paragraphs
describe the MIS system as it impacts upon the following functions:

Pre-Admission Records

Admission Records

Case Number Assignment

Transfer/Discharge/Expiration Data

®
9
)
o Bed Assignment
o
L] Outpatient Processing
o

Emergency Room Patient Processing

. Pre-Admission Records. TFor elective admissions, a Pre-Admission Record
is established in the computer prior to admission. This recerd is generated
by typing onto video forms and may be retrieved on the screen as frequently as
necessary to add data or revise data prior to admission. Physicians can use
the patient's Pre-Admission Record as a basls for writing medical orders to be
accomplished either before or at admission time. It generally is not neces-
sary to maintain any paper record for patients in pre-admission status.

Admission Records. When a patient is admitted, the admitting clerk
either completes a Pre-Admission Record, or, if the patient is nonelective,
generates a complete admission record using the video form. A new long-term
storage file currently is being added to MIS, This file will contain a per-
manent on-line record of all inpatients and outpatients including case numbers,
full name, previous name(s), last address, and so forth. This file will
simplify the re-registration process. ~

The video form technique of generating admission records differs
from paper records in several respects:
1. Video forms are limited to 800 characters per page on
the video screen. However, the computer can consoclidate
several screen pages into one printed form,

2. Typing errors can be corrected on the screen without
erasure by simply backspacing and over-typing. This
feature saves both time and spoiled forms.

3. Tabbing from one type-in area to the next is more con-
venient on the video form, as the computer-controlled
tab key moves to the next area, regardless of its
position on the page.

7
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On admission the computer automatically sends printed admission
notices to various hospital departments as designated by hospital policy. For
example, these records might be sent to the patient's nursing station, the
Business Office, and the Information Desk in addition to the Admitting De-~
partment itself. The patient's admission record is available for VMT screen
_retrieval throughout the hospital by any authorized person.

Case Number Assignment. A hospital may elect to have the computer auto-
matically assign case numbers to inpatients, outpatients, and Emergency Room
patients with separate patient number logs being maintained in the computer
for each category, or at the hospital's option a manual case number assignment
may be made. MIS can accommodate any type of hospital-unique alphanumeric
case numbering system, or can use the social security number as the hospital
case number,

Bed Assignment. The Admitting Department receives two kinds of computer
assistance in assignment of beds. First, the computer periodically prints a
total hospital Bed Status Report. This report shows all available beds and
includes age, sex, diagnosis, and attending physician for each patient. SuE
Secondly, as patients. are admitted, the admission clerk can view an up-to-the=*7
minute list of available beds at each nursing station on the VMT together with ™
information about roommates (e.g., age, sex, diagnosis, smokes). For some 7
nursing care areas (e.g., Psychiatry and Pediatrics) the Admitting Department: v~ -
may assign the patient only to a nursing unit. The unit then assigns the '
specific bed number. Once the patient's bed assignment has been entered into
the computer, it is immediately available for retrieval by any authorized per-. -
son in the hospital. The computer also periodically prints Patient Locator
Lists which are used by many hospital departments.

Transfer/Discharge/Expiration Data. When a patient is transferred from - *
one bed to another, this information is entered into MIS at the nursing sta-
tion. MIS automatically makes all the necessary record changes and imme-
diately notifies affected departments.

MIS discharge/expiration processing is as follows:

1. The physician uses the VMT to write a discharge
authorization or an expiration statement.

- 2. The nurse uses the VMT record to record the discharge
time and notes, or the expiration notes.

3. The computer stores this information and immediately
notifies all affected hospital departments.

Upon receipt of discharge or expiratibn data for a patient, the
computer sets a series of actions in motion which will continue over the next

two to four days. These include the following:
- {
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1. Preparation of the last Daily Summary for the patient.

2. Preparation of a complete Test Results Summary for
the hospital stay.

3. Preparation of a Medical Record Abstract.
4. Preparation of the patient's'bill.

5. Movement of patient data from active computer storage
to inactive storage. This action is under the control
of the Medical Records Department.

Qutpatient Processing. MIS recognizes two kinds of outpatients: one-
time and recurring. When the patient is expected to have only one outpatient
visit for X-rays or laboratory work, for example, his record is retained in
the computer for two days or for any other time span stipulated by the hos-
pital. Recurring patients, on the other hand, are likely to have repeated
visits (e.g., for physical therapy). TFor such patients the computer records.
are maintained indefinitely, as long as there is activity at least once per
month. This feature obviates re-registering the patient for each visit. Out-
patient registration is accomplished by video form. Entry of medical orders
for outpatients is also done by VMT---optionally at the Outpatient Desk, or by
‘the department doing the work. The computer prints requisitions for labora- . ..
.tory tests, X-rays, electrocardiograms, and so on at the appropriate depart-
.ments. Test results are recorded into MIS, along with the appllcable proce-.
.dure number({s), and printed in the hospital and at the physician's office. A
new capability is now being added to MIS which will enable the Outpatient -
Department to use the VMT to look up the case number of an outpatient regard-
less of the time lapse since the last visit.

Emergency Room Patient Processing. Emergency Room patients are regis-
tvfed using the video form technique. 'The computer immediately prints a label
‘in’ three copies. A label is attached to each part of a 3-part Emergency Room
Record form. This method enables the Emergency Room Record to be available
for immediate use in recording patient care before the patient is registered
in MIS, Medical orders for laboratory tests, X-rays, medications, and so
forth for Emergency Room patients are recorded into MIS by VMT. The computer
automatically codes all Emergency Room orders for stat. processing. Emergency
Room test results are entered through VMT's in the laboratories, Radiology,
and other service departments, and these results are automatically printed in
the Emergency Room immediately. Emergency Room charges are entered by VMT,
and billing is done by the computer. Since the Emergency Room records are
maintained in the same computer memory system with inpatient records, a con-
solidated Emergency Room/Inpatient Record is available when an Emergency Room
patient is converted to inpatient status.

Medical Staff

The medical staff interacts directly with the computer by means of VMT's
and by using a variety of computer-produced documents. However, the personal
use of the terminal by physicians is not mandatory. An individual physician
may choose to write his medical orders in the conventional manner and have the
nursing staff enter them into MIS in his behalf. The major areas of physician
interface are as follows:



154

Patient lists and locators
Patient data retrieval (by VMT)
Medical information retrieval (by VMT)

Medical order writing

MIS documents

’ Patient Lists and Locators. Upon entering his identification code at any
VMT in the hospital, the physician immediately receives a display of all
patients for whom he is either an attending or consulting physician. This
patient list is up tc the minute and shows patients' names, case numbers, and
bed locations (see Figure A-4). In addition, the physician can obtain the
patient list of a colleague for whom he may be seeing patients. Physicians
can add patients to their list whenever this action is appropriate. Many
physicians request the computer to print their patient list, and they carry
this list as they make rounds. The list is date and time stamped by the
computer and is used by some physicians for billing purposes.

Patient Data Retrieval (by VMT). Physicians can quickly retrieve patient = =~
data at any VMT in the hospital. Retrieval is accomplished by selecting the = 7
desired type of information from the Retrieval Guide. The retrieval cate- "'fj
gories include the following: S
Admissions data
Laboratory test results
X-ray reports
Medications given
Current ordets
All orders since admission
Nursing notes

Diagnoses

‘Allergies

Each category can be broken down more specifically to isolate the
desired data. For example, laboratory results can be retrieved by department
and/or by date(s). VMT retrieval reflects all information that has been
entered from any point in the hospital up tc the moment of the retrieval
request.

Medical Information Retrieval (by VMT). MIS has a generalized storage -
and video retrieval capability which can be used for a wide variety of medical
data. Its present usages include abstracts of current articles from surgical
journals, antibiotic semsitivities and drug of choice information, laboratory
test results interpretation aids, hyperlipemia work-up information, and
several other subjects of interest to-physicians in hospitals now using the
MIS system.
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Medical Order Writing. In using the VMT to write medical orders, the

physician receives a number of computer assists., These include the following:

Medical information retrieval capaBilities as described
abave.

An order-writing Master Guide which helps remind the
physician to "touch all bases''---laboratory work, medi-
cations, vital signs, diet, fluid balance, activity
(see Figure A-5).

5

Specialized VMT displays which show hospital or depart-
mental guidelines for treating particular types of
patients. These may include coronary care, hemodialysis,
psychiatry, pediatrics, maternity, and so on,

A VMT display showing all orders now in effect for the
patient. This display also permits the physician to
discontinue or to renew any order.

The capability to store personal order sets in the computer.
The physician can generate a personal order 'set for any pre-
operative or postoperative condition or for any diagnosis.
He then can write the complete order set for any patient
with a single light-pen selection. He also has the capabil-
ity to use any part of a personal order set and to modify,
delete, or add other orders. (See Figure A-6.)

The terminology used in the VMT order-writing displays
(laboratory test names, radiological procedures, etc.) is
coordinated with all hospital departments when the displays
are originally created and each time that they are modified.
This coordination means' that standard, well-understood
terminology 1s used.

The VMT displays are designed to insure complete orders.
Two examples of thls feature are as follows: vital signs
must be stated specifically as temperature, pulse, respira-
tion (TPR)}, and medication orders must contain the drug,
dose, route, and frequency.

The computer generates a printed copy of new orders immediate-
ly after they are entered. This procedure eliminates the
common problem of illegibility of the physician's handwriting.

The computer automatically routes all orders to the appro-
priate hospital departments without the need for manual tran-
scription onto requisition forms. Thils practice ensures that
the orders go to the proper department, are worded precisely
as stated by the physician, and are received immediately. For
orders to be accomplished on a future date (fasting laboratory
work, etc.), the computer holds the order until the proper

time and then releases it to the appropriate department.

The computer follows up to ensure that the physician's orders

are carried out on a timely basis. 1If they are not, a

Reminder Notice is printed at the appropriate location.
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Figure A-4. Example of a Physician's Patient List.
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Figure A-5. Physicians'-Master Guide.
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¥OTHER MD'S PERSONAL ORDERS
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Figure A-6. Example of a Physician's Personal
Order Sets: Complete Sets (above)
and Orders Within a Set (below).
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MIS Documents. The medical staff uses a variety of computer-produced
printouts in analyzing and documenting the patient's status and care. Twenty-
four hour summaries are printed at designated times during the day, nursing
data are printed just prior to morning rounds, laboratory data prior to after-
nocon rounds, and order summaries during the night. In addition, all stat.
work is printed immediately after it is entered into the computer. MIS also
produces 7-day accumulative reports for test results, medications, and intake/
output. These 7-day reports enable the physician to quickly spot trends.
After the patient is discharged, the computer produces a complete printout of
all laboratory and X-ray reports. A copy of this document is mailed to the
physician's office. The physician can obtain an Insurance Form from MIS for
use by his office in filing for third-party payments.

Nursing

Nursing personnel use MIS extensively. One or more VMT's is located at
each nursing station. These VMT's are used by registered nurses, licensed
vocational nurses, aides, and ward clerks. The VMT functions of each user
class are determined by hospital policy. The nursing functions upon which the
computer system has had an impact include the following:

® Patient care planning
® Medication administration and reporting

| ] Requisitioning tests and supplies,
including medicines

L Reporting of nursing data (charting)

® Verbal and telephone orders

Patient Care Planning. On either a daily basis or an each-shift basis,

MIS prints two copies of a Care Plan for each patient. One copy is retained
by the head nurse, and the other copy is used by the nurse(s) responsible for
patient care. Figure A-7 shows an example of a Patient Care Plan. The Care
Plan consolidates all appropriate (i.e., current) medical orders, nursing
instructions, and general patient information that has been entered into the
computer at various times by various personnel. The format of the Care Plan
ig optional. The following kinds of information may be included: '

L Basic patient data (name, age, sex, attending
physician, and so on)

Diagnoses and surgical procedures

Vital signs orders

Diet and fluid balance orders and instructions
Hygiene/activity/safety orders

- Medication orders

Other orders (e.g., laboratory tests, X-rays,
and electrocardiogram orders)

Care planning instructions, problems, objectives,
and target dates.
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Figure A-7. Example of a Patient Care Plan.
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Medication Administration and Reporting. In the MIS nursing data system
there are no Kardex files or medication tickets. Instead, the computer prints
an hourly Medications Due List for each nursing station, showing all medica-
tions to be given during that hour. The Medications Due Lists can be used in
conjunction with a conventional pharmacy dispensing system or with a unit-dose
pharmacy system as described below under Pharmacy. After medications are .
administered, they are reported at the VMT by selecting given or not given to
correspond to each order. When reporting injectible medications, the site is
also selected by light pen. When a medication is reported as not given, the
VMT immediately displays a list of reasons why the medication was not given,
from which the nurse selects the proper choice. If a particular medication is
not reported, a Reminder Notice is printed by the computer. Medication re-
porting generates both daily and weekly reports and also triggers computer
billing for the precise amount of the medication that was administered. There
is no need to adjust the billing for unused medicatioms.

Requisitioning Tests and Supplies, Including Medicines. All medical
orders entered into the VMT by physicians are. automatically transmitted (as
requisitions) to the proper departments; therefore, nursing personnel do not
have to transcribe orders onto either requisition forms or charge slips. Both
the initial supply and follow-on supplies of medications are sent to the e
nursing station by the Pharmacy, based upon computer-produced printouts in the-
Pharmacy. When Central Service supplies are required, the nurse uses the VMT
to request the desired items. The computer then prints a requisition in the
Central Service Department and inserts the correct charges into the patient's
billing file. :

Reporting of Nursing Data. The scope of nursing data entered into the ..
computer system may vary from nursing station to nursing station. For in- -
stance, while all stations may report medications given, intake/output, and
patient care planning instructions, certain stations may also use the VMT to
report vital signs, activity, procedures, and general nursing notes. The
system lends itself to goal-oriented care planning and reportlng using ex-
ception reporting prlnClples. :

Two modes of entering nursing data by VMT are programmed into MIS.
The first---functional reporting-—-permits the nurse. to enter routine vital
signs or scheduled medications for all patients on the unit instead of calling
up each patient's record, one at a time. This reporting procedure is very
efficient for recording one particular type of data for a series of patients.
The second method---individual reporting---involves calling up a particular
.patient's record and entering one or a series of data items for that patient
only. This method is used for nonroutine vital signs, diet and fluid balance,
unit tests and examinations, hygiene/activity/safety procedures, unscheduled
medications, and miscellaneous information and observations.

The MIS system includes specialized VMT displays for nurse reporting
in pediatrics, psychiatry, surgery, maternity, nursery, and other specialties,
All nursing data entered into the VMT are printed on periodic Nursing Record
and Nursing Notes printouts.
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Verbal and Telephone Orders. Nurses use the VMT to enter medical orders
which they have received verbally or by telephone. These orders are printed
by the computer, showing both the physician's and nurse's names. They are
processed like orders entered directly by the physician, except that the
doctor must subsequently sign all orders which were entered by a nurse.

Laboratories.

MIS has an impact on the clinical and pathology laboratories in the
following areas: ‘

® Ordering of tests/generation of’
requisitions and work sheets

® Specimen collection
® Recording and routing of test results

® Billing for laboratory work

Ordering of Tests/Generation of Requisitions and Work Sheets. The MIS
-~JMT displays used by physicians to write orders for laboratory tests contain -
w2all of the tests performed in the hospital laboratories, plus any common ''send
out" tests. When the physician writes an order for a test, the computer
w.analyzes the order in terms of schedule information, fasting requirements, or
--other necessary preparatory actions for the test, and in terms of the ''batch
“code" for the test. Batch codes are controlled by the laboratory and tell the
.computer whether or not to batch the specimen for collection, and whether the
test will be run on an individual or batched basis. The batch coding capabil-
.+ity permits the laboratory to control the flow of work, including both speci-
«'Men pickup and performance of tests. Nonbatched work flows into the labora-
tory immediately when it is ordered, and is printed on a single-patient docu-
“-ment. Batched work flows in either at specified times, or when requested by
.the laboratory. -Batched documents optionally may be in single-patient or
multi-patient format. The format of each requisition and work sheet printed
in the laboratory is tailored to the specific test. For example, a CBC (com-~
plete blood count) order prints in the laboratory as a work sheet showing the
11 hematology and morphology results to be determined, with spaces for the
entry of each result. Stat. tests receive special computer processing. They -
are clearly marked by the computer, and a light and bell are activated in the
_laboratory when a stat. requisition prints. Tests ordered for a future date
are held in the computer and released to the laboratory on the correct date.

Specimen Collection. Specimen collection documents may be printed on any
desired schedule or upon demand. Typically, the laboratory might elect to re-
ceive batched blood Specimen Pickup Lists from the computer for the first
pickup each morning, and two or three times additionally during the day. The
computer prints the Specimen Pickup Lists in bed number sequence, showing
patient names, case numbers, tests to be performed, type of specimen (EDTA,
clotted, etc.), and volume of blood required. For stat. tests and specimens
to be collected at a specific time, the computer prints individual Specimen
Pickup Sheets. When making a stat. or other special specimen pickup, the
laboratory technologist may request the computer to print all other pickups
required for that patient and/or for all patients on the same nursing station,
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This capability saves trips to the floor and also eliminates drawing blood
from the patient more than once,

Recording and Routing of Test Results. Laboratory test results are
entered into MIS by four methods., The most efficient and accurate method is
used for each .type of test. High volume test results are entered by linking
automated laboratory instruments (e.g., SMA 18 and Coulter-S) to the MIS com-
puter. The other methods are by light-pen selections made on special VMT
displays, by specialized keyboard entry, and by optical mark reading (OMR) of
results cards., When results are entered, they are immediately available for
retrieval by any authorized person at any VMT in the hospital. The results
also are printed at the nursing station for insertion into the patient's chart
under the following controls:

B

1. Stat. tests print immediately.

2, Routine tests print oﬁ daily Cumulative Laboratory
Results Summaries (see Figure A-8).

3. The laboratory can signal "RUSH" on any result and
: thereby cause it to print immediately as though it
had been a stat. test.

4. After the patient is discharged, a total Laboratory
‘ Results Report is printed in one document for inser-
tion in the patient's medical record.

‘The computer-produced. laboratory results printout shows the normal
range for each test, and if this patient's result falls outside of that.range, . .°
it is highlighted in‘either red ink or boldface type. If the laboratory falls RN
‘to-enter a particular test result within a specified time, the computer auto-*
matlcally prlnts a Reminder Notice to the laboratory. o .;455”3

Billing for Laboratory WOrk The charge for each laboratory test is
stored in the computer system. Every midnight a computer run is made to
trlgger the correct charge for all tests performed that day.

Pharmacx

MIS is designed to operate in either a "unit-dose or conventional
pharmacy dispensing environment. A hospital installing MIS may wish to
simultaneously convert to the unit-dose dispensing method, which has proved to
be especially effective and economical when used in conjunction with MIS. MIS
also has an impact upon pharmacy operations in other areas including the
following:

Medication orders/routing to the pharmacy
Preparation of medication labels
Dispensing of medications

Review of patient data (medications profile)

- Billing for medications given
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Figure A-9. Medication Prescription Record and Label.

Medication Orders/Routing to the Pharmacy. Physicians use the VMT to
write medication orders. The computer analyzes each order to determine if the
medication is floor—-stocked at the patient's nursing station. If not, the
computer generates a prescription record and a medication label, printed on
gummed paper, in the pharmacy (see Figure A-9). Stat. orders are specially
marked, and a light and bell are activated in the pharmacy. Non-stat. orders
‘are printed immediately in the pharmacy, but do not require special process- .
ing. For floor-stocked medications, the pharmacy recelves only a prescription
record. The MIS system enables the pharmacy to receive all new medication
orders promptly and in legible form.

Preparation of Medication Labels. Since the computer produces gummed
labels for each new medication” order, it is not necessary for pharmacy per-
sonnel to type such labels. The label showing the patient's name, bed loca-
tion, attending physician, and the medication ordered 1s affixed to the con-
tainer for the initial supply of the medication. This supply is just enough
to last until the next unit-dose servicing of the patient's nursing station.
The patient's medication allergies are also printed alongside the medication
label to assist the pharmacist in checking for allergy problems.

Dispensing of Medications. When unit dose is used in addition to the
initial dispensing of medications, as described above, the pharmacy prepares a
medication drawer for each patient, containing a 24-hour supply of medication,
packaged in unit-dose form. These medication drawers are prepared with the
assistance of a computer-produced 'Medications Supply List" (MSL). The MSL
shows all medications to be given to each patient during the next 24 hours.
‘The computer prepares MSL's for each nur31ng station at a different time of
day to level the pharmacy workload.
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Review of Patient Data. The Chief Pharmacist and other authorized phar-
macy personnel use the pharmacy VMT to retrieve patient data, as required.
The most frequent use of this capability is to review the patient's medica-
tions profile. ' VMT displays showing all medications that the patient is
taking plus his drug allergies are readily obtained.

Billing for Medications Given. The hospital maintains a medication price
list in the MIS computer system. As each medication 1s administered, the
nurse's VMT entry causes the appropriate charge to be triggered into the
patient's billing account. This system ensures that the patient is billed
precisely for the medications actually received. This capability eliminates
the need to credit the patient for medications returned from the nursing
station to the pharmacy.

Radiology

The Radiology Department, like other hospital departments, uses VMT's and
printers to interact with the computer data network. Through these devices,
the department has immediate contact with other hospital personnel and direct
access to a wide range of information on radiology patients. The installation
of MIS significantly changes departmental data processing functions. The
affected areas include the following:

® Orders for radiological examinations and
their routing to the department

Preparation and release of radiology reports
®  Retrieval of patient data
?T' 1 L Billing for radiological procedures

Orders for Radiological Examinations and Their Routing. Physicians write
X-ray orders using VMT displays. These displays contain the standard termi-
nology for all radiological procedures performed at the hospital. The dis-
plays are arranged so as to encourage the physician to.provide the radiologist
with "indications" (the specific reasons why the test is being ordered). New.
radiology orders are printed in the department as soon as ordered, unless they
are to be done on a future date. Stat. orders are specially marked and acti-
vate a light and bell in the Radiology Department. In addition to showing the
test ordered and indications, radiology requisitions also show the patient's
name, age, sex, case number, bed location, attending physician, and diagnosis.
The requisition also indicates if a portable X-ray machine is to be used.

Preparaticn and Release of Radiology Reports. X-ray interpretations are
dictated by the radiologists in the usual manner, except that they have the
capability to refer to standard, normal sentences or paragraphs which are fre-
gquently used. These phrases are permanently stored in the computer. Radiol-"
ogy secretaries type the report for verification by the Radiologist. After
the report has been verified, a verification signal is entered into the VMT.
This signal causes the report to be released for VMT retrieval throughout the
‘hospital and to simultaneously print at the patient's nursing station (see
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Figure A-10). The Radiology Department also has the capability to release
reports with a "preliminary" status. A complete summary of all radiology -
reports {(and all laboratory reports) is printed after the patient is dis-
charged. One copy of this summary is mailed to the doctor's office, and one
copy is retained in the patient's chart by the Medical Records Department.

Retrieval of Patient Data. If the radiologist requires additional infor-
mation to that shown on the requisition, he can retrieve patient data using
the VMT. VMT retrieval is used for obtaining previous current stay radiolegy
reports, medications that the patient is taking, secondary diagnoses, and
other patient data. :

Billiﬁg,for Radiological Procedures. As radiology reports are keyed into
the VMT, a procedure number is also entered. The computer uses this number to
look up the appropriate charge and to post it to the patient's billing file.

Other Diagnostic and Therapeutic Departments.

Using the MIS system, all medical orders are entered into the computer.
Consequently, all diagnostic and therapeutic departments receive their req-
uisitions in the form of computer printouts. Computer-produced requisitions
and work sheets are . tailored for each specific department and for each spe-
cific test. In general, the requisitions contain the patient's name, case
number, age, sex, nursing station, bed location, diagnosis, attending physi-

. cian, date and time of the order, and the precise wording of the order as
written by the physician. Stat, orders are clearly marked for special atten-
tion. Orders to be accomplished on a future date are held in the computer and
released to the appropriate department on the correct date. Optionally, some
departments elect to receive future orders a day early for workload planning
purposes. Some ancillary departments enter treatment notes into the computer
system by VMI. Other departments elect to handwrite or type their treatment
notices into the patient's chart. All departments perform patient billing via
the computer. Each department can optionally establish fixed charges for
specific procedures, generate individual charges for each activity, or use a
combination of the two charging methods. Personnel of the various ancillary
departments use the VMT to access patient data (e.g., medications, previous
test results, and dietary information) as necessary for their work and as
permitted by hospital policy. The computer controls each individual's access,
based upon his identification code. All diagnostic and therapeutic depart-
ments use the MIS system———EKG, EEG, EMG, Physical Medicine, Pulmonary Medi-
cine, Nuclear Medicine, Respiratory Therapy, and others.

Dietarz

Dietary orders and special instructions are entered into the VMT by both
physicians and nurses. Three times daily, prior to each meal, the computer ‘
prints an up-to-the-minute Diet Orders Listing in the dietary office. There
is one page (more if required) for each nursing station. The printout shows
each patient's name and bed location, together with all current diet orders
and instructions. '
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'ABDOMEN: 6-2-74. RIR CONTAINING SLIGHTLY DILATED SMALL BOWEL IS NOTED
IN THE MID AND LEFT LOWER ABDOMEN. THERE IS A SCARCITY OF AIR IN

. THE COLON. THE PSOAS MUSCLE AND RENAL OUTLINES ARE GROSSLY NORMAL .
MULTIPLE METALLIC CLIPS ARE NOTED ABOUT THE SUPERIOR ASPECT OF EACH
KIDNEY. PROBABLY RELATED TO ARDRENALECTOMY?

IMPRESSION: SMALL BOWEL CHANGES SUGGEST THE POSSIBILITY OF SMALL
BOWEL OBSTRUCTION, PARTIAL. LOCALIZED INFLAMMATORY CHANGES IN THE
RIGHT LOWER QUADRANT ARE ALSO POSSIBLE, HOWEVER. THERE IS NO
EVIDENCE OF AIR OR ILEUS WITHIN THE RIGHT COLON.
LS

LAST PAGE

Figure A-10. Example of a Radiology Report.
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Dietitians also can use the computer system to communicate information to
physicians and nurses. When a dietitian’s note is entered into a VMT, the
computer prints the note both at the nursing station for dinclusion in the
patient's chart and at the Dietary Department for inclusion in their patient
file.

The Dietary Department has an option to receive all patient admission,
transfer, and/or discharge notices as they occur throughout the hospital, to
be used to supplement the Diet Orders Listing in routing food trays to pa-
tients. :

Medical Records

MIS impacts on Medical Records in two broad areas: the contents of -the
chart and general aids to medical records operations. The chart has both MIS-
components and non-MIS components. The MIS components include laboratory and
X-ray results, doctors' orders, the nurse notes and reports {(including medica-
tions sheets), and the admit/discharge record. The major distinguishing char—
acteristics of the MIS portions of the chart are that they are legible and e
that they have a standard format. Thus, the patient name, hospital number,
and ‘physician name all appear in the same place on each document. The com-
puter automatically puts a date and time on each report so it is easy to keep_
the documents.in proper sequence ‘ S

Each order eritered by a physician for a patient is assigned an order num-—
ber. "For each patient, these order numbers are in sequence. A quick scan‘of'f
doctors' orders allows one to determine if all of the orders are in the chart:,
It also allows easy reference to any telephoned orders which the physician ma
not have signed'while the. chart was at the nursing station. (In the hospltals
currently using MIS, orders which are entered d1rectly by the’ physician do not"
require a handwritten signature,)

Shortly after patient discharge, a complete listing of laboratory, radi-
ology, and other test results is printed at Medical Records. This printout
guarantees that all results entered into MIS will be included in the chart---
there is no need to check for lost test results. This printout also indicates
any orders for which the results are not yet reported (e.g., cultures).

A Patient Abstract form is printed at appreximately the same time as the
test results listing. This form is used as a source document for medical
records abstracting. MIS fills in much of the form: mname, case number,
diagnoses, and so on, from information extracted from the patient file. Other
data are transcribed onto the form by hand to provide the data source for
medical records abstracting.

Unless Medical Records elects early or delayed release, the patient's
file is removed from computer disk storage two days after the patient is
dismissed from the hospital. However, all computer records are saved on
magnetic tape. ‘
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Central Service

The Céntral Service Department receives Its requisitions from the com-
puter. When nurses or other personnel require central service items, they
place their corder by VMT, indicating the patient for whom the item is needed.

Central service requisitions print immediately and, in contrast to the
pre-MIS system, contain standard nomenclature printed in fully legible form.
Billing for central service items is automatically and accurately processed by
MIS,

Business DOffice

Technicon provides a comprehensive Business Office System (BOS) package
which is integrated into the total MIS system. It also can function as a
stand-alone system. The total integrated system works as follows: Each real-
time computer process {admission; transfer; discharge; medical order; labora-
tory, X-ray, and ancillary report; medication given; central service order;
etc.) generates an appropriate charge, based upon charge tables stored in the
.computer. Adjustments and credits are also fed into the computer (by VMT) as

fgppropriate.

, Each night the computer searches all records for all inpatients and
outpatients and posts the appropriate charges to each patient's billing file.
-The computer automatlcally produces the patient's bill, incorporating in-
ysurance proratioms.

] In addition to preparing patient bills and Accounts Receivable documents,
xhe Business Office System portion of MIS also provides a full range of com-
‘puter processing and documents for other financial and administration con-
trols. These services include the following:

Accounts Payable
General Ledger
Budgetary Control
Employee Payroll

' Labor Distribution

Workload Statistics

Other Departments

Nearly every hospital department is served by MIS, either directly or
indirectly. For instance, the Housekeeping Department uses computer-produced-
Bed Status Reports to determine bed make-up requirements related to the dis-
charging of patients. Similarly, the Mail Room, Flower Room, Information
Desk, Chaplain Service, and other departments use computer-produced Patient
Locator Lists throughout the hospital. The application of MIS-produced
documents and data is almost limitless in scope.
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Two of the three models used -to estimate the labor impact of MIS at. El
Camino Hospital (ECH) relied heavily on regression analysis methods for ex-
trapolations and comparisons. One of these models was the Internal Labor
Measurements Model. For this model a trend was determined for pre-MIS condi-
tions where manual methods were employed. These trend lines were extended to
extrapolate to post-MIS conditions to estimate labor requirements under the
assumption of continued manual methods. A second regression line was deter-
mined for post-MIS conditions and compared with the extrapolated trend line,
A single regression model was fit to both the pre-MIS and post-MIS data, of
the form

H=a+bS+ cT, +dT

1 2
where 8 = a dummy variable which equaled "0" for a pre-MIS
data point and "1" for a post-MIS data point,
Tl = biweekly pay period number for a pre-MIS data point

and "0" for a post-MIS data point (1 < T. < 105), and

1

T2 = biweekly pay period number for a post-MIS data point
and "0" for a pre-MIS data point (119 < T, £ 170).
For pre-MIS conditions, S = 0 and T2 = 0, and the model reduces to
=a + .
H=2a ch

For post-MIS conditions, S =1 and T, = 0, and the model becomes

1
H= (a+1b) + dTZ'
Thus, the model accommodates different intercepts and slopes for each time
period and yields the results presented in Section 5. Further statisties for
the regressions are presented in Table B-1. All of the regressions had R?
values which were statistically significant at the .05 level of probability.
The Student t-values are presented to indicate the relative significance of
the coefficients in the model.

The Internal Labor Measurements Model also required regressions on
patient days and admissions in order to convert labor savings to dellar
savings. The results for these regressions are presented in Table B-2. This
table alsc contains regression results for labor and delivery, an area which
was handled differently than the other nursing areas. The criterion variable
for this area was chosen to be '"labor hours per delivery.'" However, labor
hours data were recorded biweekly, and deliveries were recorded monthly.
Hence, separate regressions were determined for each variable, after which the
end points of the base-line period were determined from the regressions. ' The.
ratios of these end points vielded two points for nursing hours per delivery.
The line for these two points was determined and was used as the trend line
for nursing labor hours per delivery. This line was extrapolated to the end
of the experimental period and compared with the ratio of labor hours per
delivery from the two post-MIS regressjion curves.
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The second model using regression analysis methods was the Inter-Hospital
Labor Trend Comparison Model. The regression results used in this model are
summarized in Tables B=3 through B-7. The regressions using 12 months of data
involved 13 points for ECH since biweekly data were available, while the other
hospitals had 12 monthly data points., The 18-month regression likewise used
20 data points for ECH and 18 data points for the other hospitals. Because of
suspected seasonal variations, the 12-month regressions often had significant
R2 whereas the 18-month regressions were less likely to be significant, The -
results tend to emphasize the need for a more complex model to adjust for
seasonal and other effects. '



TABLE B-1

RESULTS FOR REGRESSIONS USED IN THE INTERNAL LABOR MEASUREMENTS MODEL

Standard

Student's t-values’

per Admission

.0128T1 + .0048T2

RZ, Percent
Criterion Regression Explained Error of -
Variable Model Variation Estimate Constant S T] P N
MSO Nursing Hours ﬁ = 5.6359 + 1.31238 o
per Patient Day - 4 .0063T1 N .0085T2 13.2% 0.5410 52.97 1.79 3.62 -1.70 157
Maternity Nursing Hours ,H = 5.7048 + 0.51865 i L
per Patient Day ¥ .0049T1 B .0030T2 ‘ 6.1% 0.6039 48.06 0.63 2.54 0.55 157
Pediatrics Nursing Hours H = 7.6169 - 1.4164S o _ . _
per Patient Day _ .0021T1’+ .0048T2 14.2% 0.7426 52.17 1.41- 0.8§ 0.70 157
Psychiatry Nursing Hours ﬁ = 4.8530 - .07265% .
per Patient Day + '0160Tl + .0095T2 25.2% 0.8000 30.85 -0.07 ‘6.21 1.29 157
Nursery Nursing Hours H = 4.4868 + 1.14508 o '
per Patient Day " -0062T1 _ .006512 9.9% 0.5346 42.69 1.58 3.61 —1.32 157
Selecred Ancillary fh=9.7845 + .47735 15.6% 0.9339 53.12 0.38  4.25  0.57 156
Nursing Hours +

LT



TABLE B-2

FURTHER RESULTS FOR REGRESSIONS USED IN THE INTERNAL LABOR MEASUREMENTS MODEL

RZ, Percent Standard

Criterion Regression Explained Error of Student's t-values
Variable Model Variation Estimate Constant Slope N
MSO Patient Days D = 4447.0724 - 9.8581T, 37.0% 197.16 88.66 -4.,34 52
Maternity Patient Days D = 289.0663 + 0.1466T2 0.37% 40.07 56.30 0.40 52
Pediatric Patient Days D = 488.2362 - 1.4665T, 26.0% - 37.86 45.72  -3.64 52
Psychiatric Patient Days D = 510.9868 - 0.7907T, 8.5% 39,71 69.59 -2.08 52
Nursery Patient Days . D= 208.3398 + 0.8446T2 5.8% 52.03 44 .88 1,72 52
Selected Ancillary A = 807.3372 + 0.9966T 12.4% 40.60 159.75 2.51 52
Admissions 2
Labor and Delivery:
Biweekly Nursing Hours Hl = 1347.7853 - 2.1194Tl 27.8% 103.42 —_———— ————— 105
Monthly Deliveries B1 = 258.4367 - 0.8248M1 34.4% 15.79 ————— ——m—e 48
Nursing Hours per Delivery NH =  5.2151 — 0.0007D ———om  comee—  comeem e 2
Biweekly Nursing Hours H2 = B73.1411 + 0.3686T2 - 1.47 47.54 140.92 0.84 52
Moqthly Deliveries B2 = 195.1383 + 1.4956}’12 13.8% 25.89  ——— e 24

*
Determined from end points of base-line period ratios of nursing hours to deliveries.

LLT



TABLE B-3

RESULTS FOR REGRESSIONS USED IN THE INTER-HOSPITAL LABOR TREND COMPARISON MODEL
OF MEDICAL-SURGICAL NURSING HOURS PER PATIENT DAY

8L1

Experimental (Post-MIS) Base Line (Pre-MIS)

. R2, Percent RZ2, Percent
Regression Regression Model Explained Regression Model Explained
Data Period - Hospital Intercept . Slope Variation Intercept Slope Variation

18-Month -1 6.04 —0.0009 ‘ 0.0% 6.54 -0.0100 1.0%
Period 2 4.69 0.0565 32.6% 6.43 0.0065 1.1%

‘ ' 3 10.00 -0.0363 7.8% 9.57 -0.0609 17.5%

4 6.34 0.0225 4.67 7.72 0.0143 2.7%

5 5.70 0.0051 0.5% 6.23 -0.0114 3.0%

6 6.57 0.0477 12.4% 7.20 0.0291 15.8%

ECH 7.57 -0.0194 16.07% 6.23 0.0662 43.9%

AVERAGE* 6.6? 0.0121 0 3.1% 7.11 -0.0015 0.0%

First 12- 1 6.23 -0.0082 0.6% 6.89 -0.0752 19.7%
Month 2 7.40 -0,0365 15.3% 6.72 -0.0463 21.8%
Period 3 10.65 —0.0588 8.7% 10.47 -0.2282 69.7%

4 8.75 -0.0597 20.2% : 7.99 -0.0420 12.5%

5 7.79 -0.0667 39.2% 6.50 -0.0642. 32.6%

6 9.54 -0.0542 ~ 9.5% 7.56 -0.0385 16.8%

ECH 9.22 -0.0712 . 49.1% 6.28 0.0516 17.6%

AVERAGE* 8.39 -0.0474 24,37, 7.56 -0.0720 36.6%

Last 12- 1 5.03 0.0262 4.97 5.52 0.0608 24.97%
Month 2 1.50 0.1420 80.9% 5.84 0.0496 32.5%
Period - 3 8.37 0.0067 0.2% 8.35 0.0294 2.3%

4 3.39 0.1001 35.4% " 6.84 0.0792 34.2%

5 2.95 0.0784 46.0% 5.31 0.0538 - 34.9%

6 2.09. - 0.1680 68.3% 6.57 0.0754  47.6Z

ECH 5.04 0.0420 26.47% 5.56 0.1085 46 .3%

6.29 0.0648 32.2%

AVERAGE#* 4.32 0.0748 50.7%

% . E
Regression on average of six other hospitals" data.



TABLE B-4

RESULTS FOR REGRESSIONS USED IN THE INTER-HOSRITAL LABOR TREND COMPARISON MODEL
OF MEDICAL-SURGICAL NURSING HOURS PER ADMISSION

Experimental (Post-MIS) Base Line (Pre-MIS)
R?, Percent RZ, Percent
Regression Regression Model Explained Regression Model Explained
Data Period Hospital Intercept Slope Variation Intercept Slope Variation
18-Month 1 35.32 0.3179 39.5% . 50.71 -0.2128 6.97%
Period 2 44,92 0.0882 ‘ 4.3% 54.15 -0.2017 - 21.6%
3 49.73 0.1898 2.6% 59.94 -0.5132 31.7%
4 26.80 0.2520 11.1% 40.10 -0.0735 2.2%
5 41.91 -0.0452 ' 0.7% 48.39 -0.2366 11.4%
6 50.39 0.0302 0.2% 46.47 0.1698 10.7%
ECH 42.11 -0.1563 22.27% 36.64 0.2390 28.3%
AVERAGE#* 40.54 0.1719 13.3% 49.49 -0.1476 9.9%
First 12- 1 42,14 0.0807 3.6% 54.10 -0.8202 35,0%
Month 2 59.41 -0.4087 50.9% 54.58 -0.2712 16.8%
Period 3 73.65 -0.6152 23.7% 60.27 -0.4922 15.1%
4 40.42 -0.2099 3.9% 41.88 -0.4499 39.5%
5 56.52 -0.5432 48,9% 50.60 -0.6467 27.7%
6 62.43 -0.3816 10.5% 48.67 -0.2356 11.4%
ECH 53.65 -0.5192 81.5% 36.52 0.2180 23.1%
AVERAGE* 55.76 -0.3463 37.4% 51.23 -0.4680 - 32.0%
Last 12- 1 29.46 0.4737 32.4% 42,41 0.3737 11.4%
Month 2 26,10 0.5100 58.2% 55.33 -0.2893 19.47%
Perioed 3 29.59 0.7216 12.0% 61.44 -0.6300 , 21,97
4 12.26 0.6429 53,3% 34,68 0.3245 17.6%
5 23.95 0.4322 30.4% "42.73 0.1553 4.5%
6 30.69 0.5566 35.2% 44.07 0.3474 14.3%
. ECH 31.82 0.0934 4.1% 35.64 0.2988 16.2%
AVERAGE* 24.29 0.6042 66.0% 46.11 0.0873 1.7%

% .
Regression on average of six other hospitals' data.
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TABLE B-5

RESULTS FOR REGRESSIONS USED IN THE INTER-HOSPITAL LABOR TREND COMPARISON MODEL
OF SELECTED ANCILLARY SERVICES HOURS PER ADMISSION

Experimental (Post-MIS) . . Base Line (Pre-MIS)

08T

. R2, Percent RZ, Percent
Regression , Regression Model Explained Regression Model Explained
Data Period Hospital Intercept Slope Variation Intercept Slope Variation
18-Month- 1 13.46 0.0711 9.2% 16.26 ~0.0487 10.3%
Period 2 15.07 0.0633 8.7% 16.53 -0.0781 24.5%
3 6.41 0.1925 34.5% 11.63 -0.0292 6.2%
4 4.22 0.1535 57.4% 7.42 0.0829 52.9%
5 15.01 -0.0119 0.2% 13.85 0.0762 13.9%
6 14.23 -0.0498 8.1% 12.15 0.0127 1.3%
ECH il.16 0.0072 0.8% ~10.61 0.0296 13.3%
AVERAGE* 10.72 0.0927 21.67 12.49 0.0114 2.7%
First 12- 1 19.81 -0.1482 22.5% 16.69 -0.1285 23.0%
Month 2 20.38 -0.1209 : 23.47% 17.03 -0.1713 40.7%
Period 3 13.80 -0.0586 6.4% 11.52 -0.0082 0.3%
4 6.79 0.0669 10.9% 7.36 0.0905 35.2%
5 23:53 -0.3043 70.2% 14.40 -0.0366 2.1%
6 18.30 -0.1898 . 40.87% 12.36 -0.0244 2.0%
ECH 13.86 -0.0782 46.8% 10.94 -0.0265 13.2%
AVERAGE* 17.10 ©  -0.1258 39.8% 13.31 -0.0537 20.2%
Last 12- 1 5.07 0.2946 63.2% 7 15.18 0.0306 2.3%
Month 2 9.54 0.2105 32.0% 16.34 -0.0629 7.6%
Period -3 - 0.76 0.3831 47.2% 12.03 -0.0589 13.0%
: 4 1.68 0.2219 74.3% 7.81 0.0558 21.07%
5 5.35 0.2452 36.5% 12.65 0.1600 : 24.0%
6 8.02 0.1156 33.4% 12.31 0.0000 0.0%
ECH §.90 0.0621 17.9% 9.57 0.0970 41.7%
AVERAGE* 3.36 0.2885 74.9% 12.68 0.0267 _ 2.7%

* . S
Regression on average of six other_hospiba;sl-data.

S
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TABLE B-6

RESULTS FOR REGRESSIONS USED IN THE INTER-HOSEITAL LABOR TREND COMPARISON MODEL
* OF TOTAL HOSPITAL HOURS PER ADMISSION

Experimental (Post-MIS) . Base Line (Pre-MIS)
, R2, Percent R?, Percent
Regression Regression Model Explained . Regression Model Explained
Data Period Hospital Intercept Slope Variation Intercept Slope Variation
18-Month 1 122.30 - 0.5570 11.4% 144.26 -0.3476 4.27%
Period 2 126.46 0.3648 7.7% 147.43 -0.4274 16.8%
3 117.33 0.5224 4.47 130.82 0.0963 0.6%
4 46.90 1.0108 ‘ 47.1% 76.11 0.1785 5.8%
5 118.26 0.0003 0.0% 121.50 0.2413 2.4%
6 114,49 - 0.1120 0.7% 114.96 0.0764 0.7%
ECH 88.20 -0.0076 0.0% 82.98 0.3410 30.2%
AVERAGE* 102.60 0.5968 19.8% . 117.87 0.0483 0.3%
First 12- 1 166.51 -0.9675 21.3% 150.09 -1.4583 25.2%
Month 2 166.74 -1.0254 40.9% 149.46 -0.7989 20.7%
. Period 3 172,29 -1.3350 20.1% 133.22 -0.3510 3.0%
4 70.34 0.2210 2.2% 77.62 -0.1491 1.7%
5 160.52 -1.4512 48.1% 125.64 -0.5852 5.9%
6 132.48 -0.5061 . 5.3% 117.47 -0.4143 _ 7.9%
ECH -115.03 -0.8531 62.9% 84.46 0.0929 2.8%
AVERAGE* 144,81 -0.8440 33.2% 125.24 -0.6389 - 18.8%
~ Last 12- 1 62.21 . 2.1551 58.17% 130.81 0.6163 5.5%-
Month 2 83.20 - 1.5200 48.8% 148.61 -0.5091 11.3%
Period 3 59.10 2.0556 23.67" 130.34 0.1084 0.37%
4 20.70 1.7151 74.9% 70. 80 0.5752 26.1%
5 67.93 1.3391 31.9% 109.75 1.0547 24.2%
& 82.85 0.9649 28.2% 111.96 0.2799 - 0 3.2%
ECH . 66.65 0.5156 17.7% : 76.81 0.7398 44.17%
AVERAGE* 52.11 1.9399 78.1% "~ 115.36 0.4762 12.1%

*.
Regression on average of six other hospitals' data,
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RESULTS FOR REGRESSIONS USED

TABLE B~-7

IN THE INTER-HOSPITAL LABOR TREND COMPARISON MODEL

Experiﬁ;ental (Post-MIS)

Base Line (Pre=M1S)

Regression Model

RZ, Percent

Regression Model

RZ, Percent

Time Explained - Explained

Criterion -Hu',pita\ Period intercept Slope Variation Intercept Slope Variation
Adwissions/Month ECH First 12 Months 770.76 20.8693 77.0% 1,270.05 6.9937 26.1%
(Med.-Surg.) Last 12 Moaths 1,803.91 - 7.8120 13.12 1,405.61 - 3.7147 24.9%
18 !tonths 1,279.95 4.8400 11.5% 1,292.88 3.3939 19.1%
Others First 12 Months 607.69 10. 8606 47.5% 908.49 5.0797 18.6%
Lasr 12 Months 1,276.55 - 9.1349 46.37% 1,030.79 - 8.0968 L] 36.6%
18 Months 909.48 0.5991 ° 00.3% 945.12 - 1.9754 6.0%
Patient Days/Mouth ECH * First 12 Months 5,170.51 78.1731 43.9% 7.389.89 26,2677 2.1%
(Med.-Surp.) Last 12 Honths 10,643.08 -68.9423 45.0% 8,823.63 -85.3500 64 .82
18 Months 7,207 .44 13.9978 4.1% 7,598.77 - 7.1673 1.0%
Others "Firsr 12 Months 4,120.13 65.7010 37.5% 6,2462.99 32.1759 14.6%
Last 12 Months 8,215.46 ° ~-54.7778 34,37 7,636.20 -95.2300 58.3%
18 Months 5,649.21 12.9970 3.6% 6,572.63 -32.8500 19.8%
Average Lengch of Stay FECH Firsr 12 Months 6.00 " - 0.0207 10.2% 5.81 - 0.0103 3.0%
(Med.-Surg.) Last 12 Moaths 6.06 - 0.0190 6.5% 6.31 - 0.0483 46.,7%
18 Months 5.58 - 0.0076 3.3% 5.87 - 0.0L99 23.1%
Orhers First }2 Months 6.76 - 0.0060 1.2% 6.92 - 0.0020 0.2%
Last 12 Months 6.10 0.0150 3.1% 7.35 - 0.0470 43,3%
18 Months 6.19 0.0127 6.8% 7.02 ~ 0.0222 27.0%
Occupancy Percenc ECH First !2 Months 66.31 0.0604 0.7% 64 .R4 r 0.1099 1.9%
{Med.-Surg.) Last 12 Months 86.16 - 0.4560 26.97% 76.92 - 0.8791 67.3%
1& Months 71.42 - 0.0992 3.7% 66.85 - 0.23171 - lalex
Others First 12 Months 54.07 0.7286 39.6% 77.20 - 0.2573 10.7%
Last 12 Months 103.17 , - 0.7166 42.9% ' 80.77 - 0.592% < 49.7%
18 Months 72.59 0.0929 1.5% 77.94 - 0.3939 38.5%
Nursing Hours/Patient Eci First 12 Months 9.22 - 0.0712 49 1% 6.28 0.0516 17.6%
Day (Med.-Surg.) Last 12 Months 5.04 0.0420 26.47% 5.56 0.1085 46.3%
18 Months 7.57 - 0.0194 10.0% 6.23 0.0662 43.9%
Ottiers First 12 Months 8.39 - 0.0474 24.3% 7.56 - 0.0720 36.0%
Lasc 12 Months 4.32 0.0748 50.7% 6.29 0.0648 32.2%
18 Months 6.67 0.0121 3.1% 7.11 - 0.0015 0.0%
Nursing Hours/Admission ECH First 12 Months 53.65 - 0.5192 81.5% 36.52 0.2180 23.1%
(Med: -Surg.) Last 12 Months 31.82 0.0934 4.17% 35.64 0.2988 16.27
. 18 Mounths 62.11 - 0.1563 22.2% 36.64 0.2390 28.3%
Others Firsr 12 Months 55.76 - 0.34632 37.4% 51.23 - 0.4680 32.0%
Last 12 Months 24.29 0.6042 66.0% 46.11 0.0873 1.72
18 Months 40.54 0.1719 13.37% 49.49 - D.1476 9.9%2
Ancillary Hours/ ECH First 12 Months 13.86 - 0.078?2 L6.8% 10.94 - 0.0265 . 13.2%
Admission Total Last 12 Months 8.90 0.0621 17.9% 9.57 0.0%70 i 41,77
18 Months 11.16 0.0072 0.8% 10.61 0.0296 13.3%
Others First 12 Months 17.10 - 0.1258 39.8% 13.31 - 0.0537 20.2%
Lanr 12 Munths 1.36 0.2885 74.9% 12.68 0.026/ 5.7%
‘ 18 Months 10.72 0.0927 21.6% 12.49 0.011% 2.7%
Huspital Hours Total/ ECH First 12 Months 115.02 - 0.8331 62.9% 86.46 0.092% . 2.8%
Admission Total Last 12 Months 66_65 0.5156 17.7% 76.81 0.7398 4y 1%
18 Months a8.20 - 0.0076 0.0% 82.98 0.3410 30.2%
Others First 12 Months 144.381 - 0.8440 33.2% 125.24 - 0.06189 18.8%
Lasc 12 Months ;2.]] 1.9399 78.1% 115.36 0.47A7 2.1%
18 Months 102,60 6. 5968 19.8% 117.87 0.0483 0.47
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