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ABSTRACT

Health care professionals are confronted daily with a deluge of new

_ medical information. The ability to deliver standardized, high quality

2

’ health care is based on the clinician,g;imitiative to seek and evaluate'
P

. this new information. In addltgln. ‘ﬁﬁiq,’bmory is often imperfect and

is further restricted by f.tf%a&”,”‘ nd a demanding work schedule.

A computerized bedside clinical information system, the CLINICAL
REFERENCE LIBRARY, was developed to facilitate the management of patient
care and to provide physicians-in-training and paramedical personnel
with relevant clinical information about common disease processes and
problems encountered in the intensive care unit.,

The CLINICAL REFERENCE LIBRARY, developed and described in this
hthesis, is a subsystem of the HP 5600A Patient Data Management System.
It contains 20 information modules. Each module consists of several
individual computer displays. Where applicable, information basic for
any single problem is classified under the following headingst
definition,'inoidenceﬂ etiology, bacteriology, pathology,
pathophySiology, clinical course, diaghosis, treatment, complications,
prognosis, and referencest Topics include medical record keeping,
airway management pulmonary physiology, acid-base regulation,
acid-base abnormalitiés, gas transport, pulmonary embolism, Adult
~Respiratory Distress Syndrome, septic shock, aspira}ion pneumonia,
poisonings, antimicrobial therapy, adverse drug interactions, pediatric
-medications, nutritional support, burns, hemodynamic monitoring, cardiac
arrhythmias brain resuscitation and hyp&thermia.

The system is menu—driven and self-instructing. The user is able to

E
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flip rapidly back.and forth through any module, or from one module to

another, much as one would flip through a book. Logging and analysis of
. Ul

user performance are also incérporated into the CLINICAL REFERENCE

LIBRARY. ~

, Evaluation of Qpe CLINICAL REFERENCE LQBRARY was in, the form of a
4 . , - ’ . _ .
‘ classical non-randomized, pre~test & post-test, control-experimental

]

research paradigm. Three specific findings emerged from the data:

LY

1) medical students and residents exposed to the CLINICAL

REFERENCE LIBRARY "acquired" more knowledge than their
i ‘ﬁ

Qunterparts who used conventional teachipg, . ;.ﬁ 3

2) medical students and nurses accessed the CLYNICAL' REFERENCE
LIBRARY for gontinuing ﬁedical:education whereas residents used
the system primarily for problem—solving.‘and

3) a general attitudinal ambivalence was directed toward the

' CLINICAL REFERENCE LIBRARY by the nurses,

L SRR
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CHAPTER I

THE PROBLEM
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‘

The scientific work of antiquity was disseminated by word of mouth,
by correqundence or by laborious copying of manuscripts by scribes.
Scholarlyvactivities‘were restricted to a few centers where exggnsivg
collections of manuscripts were available. The develSpment of the
printing press in the fifteenth century revolUtionizea the dissemination
of knowledge. Today, the computer and its application in information
storage and retrieval and data acquisition and analysis has created an
equal or perhaps a greéﬁer revolution than the invention of the printing
ﬁress‘(3u). .
THE KNOWLEDGE EXPLOSION

During the bast 50\years, there have been rapid advances in
medicipe.ahd its allied sciences. Consequently, there has‘been a
phenomenai increése in technical and scientific knowledge (52). The
1933 edition of Cecil's Textbook of Medicime is one such illustration of
the brogréss made in the last 50 yéars (12). There was no effective |
treatmenp for bacteriél mycobacterial or fungal diseasé;:‘tngs. )
bacterial endocarditis, miliafy tuberculosis and cryptoCoccal\méﬁingitis-
were “fatal diseases. Adfenal steroids had not been discovered. \
fDiuretics were not available for'thé management of heart failure, nor
_were there any d}ugs for the control of hypertension. vAnticoagulants
had not yet been introduced. The role of lymphocytes, immune complexes
and complement had not been elucidated. Discussion of "acidosis" and
"alkalosis" were based on only one clinical test - i.e. measurement of
the carbon dioxide combining power of the blood. Surgiéal removal of

tonsils and adenoids were ethusiastically recommended: "The beneficial

results.. .are so great and so prompt that unless there is a distinct



.

reason for its omission, it is folly to waitﬂfof spontaneous shrinking
..." (12). Mechanical ventilation, renal dial;sis. extracorporeal
membrane oxygenation, cardio?ersion, and cardiac-pacing were unknown.
Bleeding peptic ulcer was managed by the application of an icepack to
the epigastrium, complete starvation, morphine hypodermically, and
water, glucose and soda by rectal drip. Blood banks were not available
and the transfusion of a single unit of blood was a formidable prof‘
cedure, Diagnostic procedures in_clinical biochemistry and immunology,
which are nsw commonpiace, had not yet come into use.. Investigative and
diagnostic procedures such as angiography, sonography, computerized
tomography and fiberoptiﬁ endoscopy were unknown. b

More recently, medicine has seen "cures" in childhood leukemia,
computerized tomography, masg production of insulin and growth hormone
using recombinant DNA technology, in utero surgical repair of congenital
anomalies, laser micrdsurgery. radionuclide imaging, reimplantation of
traumatically amputated extremities and digits, the development of
artiffﬁial skin for burn viectims and thé transplantation of body.gygans
(corneas, Kidneys, heart._bonef. |

Because médical knowledge is continually changing and expanding,
the number of medical pfoblems encountered are-also increasing. Ihe
reasons for this are many: surgical intervention in the very youngvand
the elderly,’the debilitated and poor-risk patieﬁts; the use of
steroids,‘chemotherapy and irradiation predispose patients to
complications and disease processes that were unknown half a century
ago; the widespread use of antimicrobials and the coémoﬁ practice of

polypharmacy are not without adverse effects. Mass casualties and

.multiple trauma are common events in today's society. Respiratory



failure, septic shock and chronic renal failuré are therefore diseases
|

of modern medicine,. \

During the past decade, advances in medicine have lead to a deluge
of information and technology, making the contempory medical éare system
hore complex, more information-dependent, and moré\technology-oriented.
The criticélly ill or injured patient also requireéfmore specialized
care, Changes in the concepts and meﬁhods of care %f tﬁése patients'
reflect not only the development of new tHerapeutic imeasures and the
understanding -of various disease processes, but also a more aggressive
attitude by physicians toward therapy and the availability of equipment
for manitoring and resuscitation. This combination of new attitudes,
methods, and equipment is exemplified by the intensive care. unit (ICU)
and by specialty units in tertiary care centers. Regaréless of hoﬁ a
patient gets into serious life-threatening diffichlty; every critically
i1l patient enters a "final cémmon pathwayﬁ of multisystem failure.
Consequently, multidisciplinary teams - inéluding hédical and surgical

specialists,_anethestists, nurse specialists, and allied technical

personnel - are required to care for the critically ill.

KNOWLEDGE ACQUISITION iN MEDIC INE

To the practicing clinician, the aéquisition of medical knowledge
is‘a life-long process which includes not only the formal education at
the undergraduate and postgraduate (residency) médical training levels,
but also the more informal education accompanying active patient care.
The amount of knowledge that is needed to address ali medical problems
has far surpassed the ability of any one physicién}to consistently

retain, recall and apply this information (6). Although this informa-



tion exists in various forms (textbooks, journals, informal discussions,
etc), it is usually not availéble in a manner readily accessible to the
physician.

How then do physicians keep abreast of medical iﬁformation?
Continuing medical  education (CME), ihitially implemented on a voluntary

vbasis, is now a requiremént for reregistration. by many state medical
licehsing boards and for recertification by some specialty boards in the
United States (61). Mandatory continuing‘medical education programs do
not exist in Canada (5). CME and assessment can be in the form of
accredited post-graduate courses aﬁd workshops (41), computer-based
education (CBE) (49), and home study CME courses (47, 65).

Scientific congresses, informal persgnal'conversations,
professional consultation, rounds, seminars and’journal clubs are
valuable adjuvants to the educational process. Symposia and discussions
are sometimes tape- or video-recorded and subsequently published e.g.
Audio-Digest and Medifacts. The circulatiop of manuscripts within the
académic environmenﬁ is a method whereby interested colleagues have
requested that they "be kept up té date with developments in your lab".
Much useful information is conveyed by leaflets, brochures, and
newsletters produced by pharmaceutical manufacturers, suppliers and
non-profit organizations e;g. MEDICAL LETTER, CLINICAL SYMPOSIA and -
CLINICAL CONSULTATIONS.

‘Textbooks, Jjournals and periodicals are the most frequentiy cited
means of obtaining information to satisfy a particular need, whether it
be for problem-solving, contiﬁuing medical education or recreation (U6).
Library services include the borrowing of books, audio-visual materials,

telephone enquiry services (9) and photocopying services. Indexing



gervices such as INDEX MEDICUS and CITATION INDEX are printed monthly
énd updated annually.

Computerized information networks such as MEDLARS (Medical
Literature Analysis and Retrieval System) and MEDLINE (MEDLARS On—Line)‘
are theqmost complex and extensive medical information retrieval systems
(39).

The problem of keeping abreast of new medical information is even
more pronounced in the intensive care unit (ICU) as exemplified in the
following section.

4

MEDICAL INFORMATION IN THE INTENSIVE CARE UNIT
A 4

For the purpose of clarity, a brief definition of some terms with
respect to patieﬁt management is in order. In medicine many terms are'
used interchangeably to describe the cognitive process.
"Problem~solving"” is the process of developing a differential diagnosis
and ultiMately arriving at a final working diagnosis and eventually a
corfect.diagnOSis. The term "medical inquiryﬁ focuses on the
daté-géthering or evaluative aspect of this process. The terms
"clinical judgment"™ or "medical decision-making" focus on the
decisioh—making component, For these reasons, "clinical reasoning" has
been chosen as the term to encompass all the cognitive skills implied in
patient evaluation and management (4).

At the present time, a clinician working in the intensive cafe unit
uses a combination of intuitive skills and knowledge acquired through
experience. In times of life-threatening érises the traditional

sequence of detailed enquiry for diagnosis, investigation, confirmation,

and therapy is unsatisfactory (4). (Indeed, even in nonlife-threatening



situations it is unsatisfactory. There is an incongruence between how
people are taught and/or trained to.resolve problems and how it is
actually done by practicing physicians. But this process is even more
important in the intensive care upit.) Priorities must be estéblished
and therapy must be "set into motion if life-threatening and life-saving
measures are to be effective. ‘Thus, clinical reasoning and therapeutic
intérvention in the intensive care unit proceed in parallel rather than
in followup to a diagnostic study.

Critically ill patients often have multiple problems on admission
and during their stay in the intensive care unit may develop one or more
problems. This is illustrated in the following typical case history.‘
A 38 year‘old, morbidly obese female underwent'

g .
jejunoileal bypass and was lost to followup. Progressive
and unremitting weight loss ensued and at eleven monﬁﬁs her
weight had fallen from 193 to 97 kg. She was admitted to
hospital complaining of lethargy.and circumoral paresthesia.
Laborétory investiggﬁion revealed a markedly depleted serum
albumin, hypocalcemia, hypokalemia and a depressed total
lymphocyte coﬁnt. The surgeon elected to interpgse an
additional 15 cm of ileum. The patient was diécharged on
the fifth postoperative day after an "unremarkable" course
despite a low grade fever which was attributed to mild
atelectasis.

Three days later, she was readmitted with severe

abdominal pain, nausea and vomiting. She was afebrile.
Radiographs revealed marked gastric dilatation. Laboratory

investigation revealed a moderate leukocytosis with a "shift
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to the left". She was initially treated with nasogastric
suction and intravenous fluids but the nasogastric tube was
removed on the third day and her diet advanced. On the
seventh day, the patient suddenly developed profound
hypotension and a rigid abdomen.

After the administration of large volumes of
intravenous fluids, steroids and antibiotics she underwent
an emergency laparotomy which revealed a disrupted
anastomosis and extensive intraabdominal soilagé.
Peritoneal lavage was perfbrmedhand an ileostomy and
mucocutaneous fistual were created. She was then
transferred to the intensive care unit.

Despite aggressive management, the patient went on to
develop ;espiratory failure, renal failure, gastrointestinal
hemorrhage, wound dehiscence and systemic candidemia. She
died on the fourtieth postoperative day.

In summary, tﬁis patieﬁt presented with signs and
symptoms of malnutrition following an intestinal bypass
procedure. Had this patient's markedly malnourished state
been corrected before the elective operation the subsequent
events could well have been avoided. Because of a delay in
the diagnosis of intraabdominal sepsis, she'developed
bacteremic shock and its sequelae. Intensive postoperative
therépy with wide spectrum antibiotics, mechanical
ventilation, hemodialysis and hyperalimentation were
unsuccessful.

This example illustrates the need for adequate



information in the ICU: What is the course of this disease? What are
the complications? What is the optimal form of therapy? What
—

therapeutic options are contraindicated and why? What are the
complications of therapy and how can they be prevented? What is the
patient's prognosis? Can the prognos%s be altered and, if so, how?

The health care professional may or may not have this information.
Information sources in the intensive care unit are variable.'”Human
resources beyond that of the resident-on-—call are generally limited to
the chief resident and/or attending staff. The supervisor may not be
readily available. Fellow residents, nurses and other paramedical

personnel are limited sources of information., Textbooks are costly,

'easily misplaced and, if succinct, readable, and portable, are often

misappropriated, The hospital library is not usuaily in close proximity.

to the intensive unit and even if it is accessiblg, there ;Q no
guarantee that the information will be available., Thus, the major
drawback is that there is no one up—to—date. cliniéally relevant
information source that is a§ailab1e around the clock and located in
close proximity to tﬁe bedside. , -
.'No one physician knows all the information necéssary to practise all
aspects of medicine, Human memory is often imperfect and is further
restricted by fatiéue, stress and a demanding work schedule. Attempts
to overcome thése deficiencies have léad to the development of
computer-based consultation systems. In theory, these systems have
rapid. accurate and infinite processing capabilities, provide an
immediate source of information, are availablle 24 hours-a-day, are

located physically within the intensive care unit, and serve to’

reinforce concepts and principles 6f patient management and/or disease
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processes. Unfortunately, most systems developed to date are not

ICU~directed or —oriented.

STATEMENT OF THE PROBLEM
In an effort to provide the health care profgasionnls in the
intensive care unit with readily available and systematic information, a
computer-based clinical information system (CLINICAL REFERENCE LIBRARY)
was designed. This bedside system contains 1nformnt19n about common
|

problems encountered in the ICU: the criteria for int&bation and

\
assisted ventilation; the complications of a trachcosﬁomy: the

pathophysiology of‘acid-base abnormalities; the ;anagement of a patient
with a pulmonary embolus, or aspiration pneumonia or spectic shock; drug
interaction; pediatric medications; the rétional use of antimicrobials;
the management of the head-injured papient;*the insertion of a Swan-Ganz
catheter and the interpretation of the various wave forms; the
pathophysiology of'staryation and the implementation of
hyperalimentation; and the interpretationwénd treatment of cardiac
arrhythmias. —
Two specific questions were asked:
1) Would this bedside information system be used by clinicians,
graduate and undergraduate physicians—in-trainlng; nurses, and
ot;er paramedical personnel?

~ 2) Would this computer-based clinical information system be an

) effective‘teaching tool?

AN OVERVIEW OF THE CONTENTS f

The présent thesis describes the development and evaluation of a



computer-based clInical information system in the intensive care unit,
In this chapter, the conceptual need for the development of such a
system is discussed. The application of computers in medicine and the
use of computer-based medical information systems are Feacribed in
Chapter II. This is followed by a description of the intensive care
delivery systém at the University of Alberta in Chapter III and the
description of the HP 5600A COMPUTERIZED PATIENT DATA MANAGEMENT SYSTEM
in Chaptef IV, Chapter V provides a detaiied summary of the development
h Qf the CLINICAL REFERENCE LIBRARY. In Chapter VI the methodology of
evaluation is described. The analysis and results of participant‘data
arld the results of questionaires about the CLINICAL REFERENCE LIBRARY
‘are presented in Chapter VII. Discussion of the data and

recommendations for further research and development are presented iﬁ’

Chapter VIII.
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CHAPTER II

REVIEW OF THE LITERATURE
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In this chapter, literature related to the role of computers in
‘medicine and clinical medical information science will be presented.
The. chapter is divided into five parts. The first part is a brief
introduction about the history of computers. This is followed in part
“” two with a summary of the application of computers in medicine. A
review of computer-based information syétems is presented in part three.
The impact of computers oh clinical medical information Science is

presented in part four. The chapter is summarized in part five.

INTRODUCTION
The first "computer" devices, the oriental abacus and the
occidental Antikythera device, were in use over 2000 years ago. The

development of computers lay dormant until Pascal's invention of a small
. |58 ’

IR
B

v "mechanical adding machine in the seventeenth century. The first

operational automatic computer was introduced in 1944, Digital com-

- puters were virtually unknown in medicine in the 1950's (22).

THE ROLE OF COMPUTERS IN MEDICINE
Progressive improvements in thé manufacturing of integrated
circuits has;reduced the size and cost of'many'electronic devices. The
relative inexpensiveness and miniturization of computers have led to the
development of mahy new medical techno;ogieg. One notable éxample is
the computerized tomography scanner which produces preéisé'images of
" anatomical cross—sectioqs with no discomfort to the patient, thereby

dramatically reducing the use of invasive techniques.
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Computer-Assisted Data Acquisition

Computers have been programmed to record and analyze electro-
cardiograms (EKGs) in real-time (51), to assisf,in cardiac catheter-
ization (35), to take medical histories and to enter data in a variety
of clinical settings such as radiology (53), inten;ive care médicine

(73), obstetrics and gynecology (23), and ophthalmology (42).

Computer-Assisted Biagnosis
Automated systems can assist a physician in medical diagnosis (8).
This is of particular value where Speed of evaldation is crucial, as in
the management of the critically 111 patient. 1In such applications,
computers offer easy access to larée quantities of~medical iﬁfdfmation
and an ability‘to analyze m;ltipie variables simulfaneoﬁsly.
Computer-assisted diagnosis has been Successfu11y~applied-in the
analysis of EKG arrhythmias (51), vector¢ardiography (1), and

electrolyte»and acid-base disorders (8).

Computers and Medical Therapy .
Computer-based devices can assist physicians in decisions relating
to therapy: automated infusion pumps (7), measurement of blood volume,

urine flow and blood lactate (70), hemodialysis (56), drug interaction’

(3) and neurostimulation (32).

Monitoring/Control of Physiological Systems
'Monitoring‘devices bresently found in the intensive care unit
activate alarms to summon the medical staff"yhen a patient needs special

dttention. Devices’have been developed for in-hospital control of blood
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pressure (30), and fluid resuscitatioﬁ and control of ventilation using
closed-loop (feedback) technology (71). At present, the development of
closed-loop, implantable devices for long-term use in control of blood»
pressure or blood sugar is hampered by a lack of miniturized sensors
capable’ofﬂfunctioning in vivo for extended periods of time (21).

A va;iety of microprocessor-based monitors are available which do
not attempt to control the patient's physiology. Hospital-based systems
include fetal (36) and obstetriéal monitoring (23), and blood pressure,
EKG and respiratory monitoring during anesthesia (27). Cardiovaséular
telemetry (38) and EKG monitoring (69) are examples of out-patient

monitoring.

Computers and the Handicapped

Microprocessor-based prostheses can control crude motorized
artificial'hands by\analyzing myoelectric signals ariéihg from forearm
stumps (24). Microcomputers have been used in the development of
hearing aids and sound perception (20), synthétic voice (28),

voice—controlled wheel chairs (13), and writing aids for the motor

handicapped (50).

Computers and Hospital Informapion éystems

Computers have found appliﬁation in the management of patient
'1nformation in physicians' offices (10), emergency departments (2), and
out-patient departments (44). CLINFO (67), COSTAR (57), and COMTRAC .
(37) are examples of successful hospital laboratory and administration

information systems.



16

Computers in Medical Education and AsSes§ment

Computers'are widely used thfoughout the continuum of medical
education aﬁd assessment (14). It has been stated that they allow a
much wider range of individualizéd responses in tut;riél SéSSiéhé} a
greater degree of "instructor" responsiveness to individual background
and needs, and more immediate feedback in the teaching or training
purposes. Computers also provide a more objective testing mechanism for
assessing clinical problem-solving abilizies £1u).

TICCIT (Time-Shared Interactive Computer-Controlled Information)
and PLATO (Progbammed Logic for Automated Teaching Operation) are
exclusive educationél systeﬁs (14). The latter is more popular. PLATO
provides interactive, self—paced'instruction for large'numﬁers’of
students. Lesson matefial is presented on a»video display terminal and
may coﬁsist of text, drawing;. graphs and color photographs. Students
interact with the material thrOugh a special keyboard that closely
resembles a typewriter keyboard. Students receive instruction re- .
inforcement of correct work and assistance where they are having
difficulty. The users of PLATO range fr%m grade school students
learning reading and mathematics to grad&até studenté in the medical
sciences.

The Faculty of Medicine at the University of Alberta has conducted
underéraduate teacﬁing of cardiology using PLATO. Instruction is given
in heart sounds and murmurs, electrocardiography, common valvular
lesions and common congenital problems. There are a number of test
cases and examinations have been conducted to determine user performance
(33). '

The College of Medicine at Ohio State University employs an



17

optional independent study program (ISP)'for.cOMpleting the basic
science portion of the Doctor of Medicine curriculum. In contras£ to
the traditional 1eé§ure—discussion program in which students progress
through a standard géhtent sequence in a predetermihed. fixed amount of
time, the independent study program follows a self-study format which
allows pfogress at independent ﬁétes (14).

Several d‘?feren@ models of computer-based simuiations are used for
educational aSSessmenk. The Royal ‘College Qf'Physicians and Surgeons of
Canada has used Compu£erized Patient Maﬁagement Problems (CPMPs) in
their Pediatric Fellowship Examination process to test the ability of
pediatric cahdidates to manage patients (63, 66). CPMPs were also uéed'
between 1974~79 as part of the examination process for approximately 110
final year medical undergraduates at the University of Alberta (14).
CPMPs have been incorporated into a self-assessment package that is
available to fellows of the.Royal College during the time of the
Coilege's annual meeting (14). ,

The Computer-Based Examination (CBX) Project of the American Board
of Internal Medicine and the National Board of Medical Examiners is
based on a éompyter simulation of a patient with a given disease or
diseases (26, 58). ‘Laboratory tests, medical procgdures or consult-
ationé, and drug therapies interact with the patient's disease in a time
sequence similar to one occuring in real life. By simuléting the effect
of physician ?ction"on the patient, and by adjusting the patieﬁt's‘
status accordingly, the computer model provides an almost life—like,
dynamic simulétion of . the patient-physician encounter. .

The MERIT (Model for'Evéluation and‘Recertfication through In-

dividualized Testing) system was designed to incorporate individqélized
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evaluations of a candidate's performance in patient care as a major part
" of the recertification procedure for the Aﬁérican Board of Internal
Medicine (14). A‘computeﬁ-assisted simulation of the clinical patient
encounter requires that the examinee use natural language‘mode to |
resolve the problems of the simulated patient. No direction is

provided, such as multiple choice lists, to resolve the problem(s).

COMPUTERS AND MEbICAL INFORMATION SCIENCE

Osler is said to have cited érdered and logicél analysis as the key ,
to good patieht management (68).' Today's physiciaﬁs are unable €§vcon—
siStantly perform this analysis and synthesis, despite their impvéved
training, because of the enormous surge of knowledge about disease
processes and therapeutics in the past 30 &ears and the inability to
bring this information to the cliniéian'in a Systematic manner at the
time and place wAere it can best be utilized. Other complicating
factors include many more and sophisticated diagnostic tests and
numerous therapeutic possibilities; not only are there many more facts
to be applied to patients' problems, but many more fac@s to be learned
as well. "The end result has been a conscious effort by the physigian‘to
focus his/her sphere of responsibility and interest through spécial—
ization, suéh thaf only a portion of the patienggs problems can be
handled by any one individual. l

Even though cambﬁters h;ve been applied to various aspects of
medicine, they have only recently begun to influence the clinical
practice of medicine (25). Patient management requires numerous
clinical decisions which are dependent on the ability to systematically

and logically process inecreasing amounts of information. The computer
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can influence this process’by applying sophisticated and widely dis-
persed résources more effectivgly and by assisting in the basic
decision-making process.

Recent studies support the idea that better patient management can
result from éomputer—assisted strategy applied during the clinical
patient management process. McDonald has structured a feedback
mechanism in the form of computer-generated recommendations on rélative—
ly specific decisions regarding individual patient—managem;nt situations
(43). Physicians took action on 51 percent of the recommendations when
these were communicated in the férm of cues, and on only 22 percent of
the equivalent set when left'to their own devices, both before.and aftér
receiving feedback. After documenting several additional studies where
various clinical cues were overlooked, McDonald concluded that limit-
ations in physicians' ability to r;;ct consistahtly and appropriately to
a given set of stimuli in the clinical settigg exisﬁ by Qirtue of being
human, a fact that cannot be ignored.

de Dombal has demonstrated that the accuracy of clinical decisions
sSupported by computer logic weré superior to the clinicians' working
independently on 600 cases of patienis complaining of acute -abdominal
symptoms (15, 16). A structured information-acquisition ﬁrocess with,
feedback to the clinicians was then instituted for the next 552 acute
abdomen cases which presented at the St. James Hospital in Leeds,
England. Perforation of the appendix before surgeryrdropped from 36
percent to 6 percent, and the "negative" laparotomy rate fell from
percent to 7 percent, When structured questions and feedback were

removed, the decision-making of the clinicians regressed toward

levels (15, 16). Subsequent studies by the same group in 1974 and
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corroborated these findings (17).
Computer-based consultation systems range from those used in

purposes. A number of ‘these systems are summarized below.

Duke UniQersity Cardiovaécular Information System

This system provides physicians with a large data base about
clinical experiences with coronary artery disease (55). The data
describe outcomes of patients with various sets of attributes. The
patient attributes, laboratory and physical fiﬁdings, history and
outcome of a large number of patients are stored in a computer, which
then classifies the information. When aﬁtribufes of a new patient are
entered, the computer seérches all'patient records, and those which fit
the criteria are then separated into a subgroup for further on-line
queries. Rosati and his groupAhave likéned this acti?ity to a "dynamic,
1iving computerized medical textbook". It has the advantage of giving
the physician more accurate and unbiased information based on a 1arge‘

number of patients (55).

Electrolyte and Acid-Base Consultation System.

Bleich has constructed a computer—based consultation program to
help physicians manage patients with electrolyte ahd acid-base disorders_>
>(8). The program directs a dialog in which the user enters clinical and
laboratory information. On tﬁe basis of the abnormalities detected, the
program "asks" questions to further characterize the electrolyte and
acid-base distrubance(s). During or after the completion of the Aialog,

 an evaluative note is produced that contains ailist of diagnostic
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possibilities, an explanation of underlying pathophysiology, therapeutic
recommendations, precautionary measures, suggestions for further

studies, and references to the medical literature.

HELP

HELP (Health Evaluation through Logical Processing) ié a complex
diagnostic management support system at the Latter Day Saints Hospital
in Salt Lake City, Utah (19). Axvariety of findings on symptoms data
and patieﬁt status information are incorporated into the system (e.g.
laboratory tests, blood gas analysis, medical record abstracts, ete),
Decision logic utilizes a;vériety of statistical techiques to determine
probabilities for certain diagnoses or treatment selections based on the
historical data base. 1In addition, the system provides warning of
patient conditions that may require intervention.

A survey conducted by Batelle Laboratories, an independent

, :

evaluation group, revealed a ﬁo;itive attitude among physicians toward
the HELP system. The highest proportion of physicians that were very

enthusiastic about the system were specialists in surgery and internal

‘medicine (52).

INTERNIST-I

INTERNIST-I was designed at the University of Pittsburg as a
computer-based diagnostic system for problems in internal medicine (40).
It is based on assigning rough estimates of the likelihood of the
association of a disease, given a particular finding, and a siﬁilar
estimate of the likelihood of a finding, given a‘particular disease.

The current knowledge base includes roughly 70-75 percent of the major

/
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diagnoses in internal medicine (48). INTERNIST-I represents an attempt
to model, within a computer program, th% thinking.processes that a
clinician uses to evaluate a case and make a diagnosis. It is not a
model based on probabilities in the true statistical sense and there-
fore, is subject to the individual perspective brought to the model.

The system attempts to mimic the diagnostic behavior of the
"excellent clinician™. Miller et al attempted to document the strengths
and weaknesses of the program (48). Its performance on a series of 19
clinicopathological exercises (Case Records of:tﬁe Massachusetts General
Hospital) published in the New England Journal of Medicine was
qualitatively similar to that of hospital clinicans but inferior to that
of case discussants. The evaluation demonstrated that the present form
of the program is not sufficiently reliable for clinical applications.
Specific deficiences that must bé overcome include:

1) the program's inability to reason automafically or temporally

2) 1its inability to construct differential diégnoses spanning

multiple problem areas

3) its occasional attribution of findings to improper causes, and

4) its inability to explain its "thinking".

o

The Indiana University Medical Center Computer Reminders System

This system is based on the assumption thét the“physiCian must
apply a few simple categorical rules to a few items of infdrmaﬁion many
times (43, 44). Using a very simple computer language, designed
specifically for this system, the physician writes the rules he/she
wishes applied to the data and then lets the computer repeatedly apply.

them, The system provides reminders for a large percentage of simple
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clinical decisions; it assures that the baseline screening tests have
been done, checks that abnormal test findings are examined further, and
assumes that treatments are followed with appropriate measures. The
system occasionally "suggests" diagnoses when a particular abnormal}ty
is evident, but more often suggests treatments that might correct a

pattern of abnormalities.

PROMIS

The Problem Oriented Medical Information System at the University
of Vermont was developed by Weed and his coworkers to facilitate the
organization of medical care, to make the logic of héalth care decision
explicit, and to decrease the Asér's reliance on memory (14). Although
not originally designed to be a compuier-based conéultation system, it
is capable of presenting structured reference 1nformation (31).

Data is organized by patient problems. The\computer record is
structured around four phases/of medical action:

1) an initial déta base on each patient, including mgdical

history and physical examination

2) a list df the patient's problems
3) diaggostic and treatment plans for each problem, and

4) progress notes on each problem indicating how the patient is

- progressing during therapy. ‘
Exéept for the initial data base every entry into thk computer record is

I
|

associated with a particular problem of the patient.| By structuring the
medical record in this way, all patient information is logically
organized for review.

A variety of diagnostic and management protocolé based on common or
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potentially seriois medical problems (e.g. hypertension, anemia,
postoperative fever, and cardiac arrhythmias) encountered on a gyne-—
‘cology service have also been déveloped. This information is available
to the health care professional via a touch screen cathode terminal.
Each protocol consists of hundreds of individuél displays. The content
is routinely updated by a committee of  recognized medical authorities.
The updating service involves comparing the information contained in
articles from selected hedical journals with the computerized medical

displays on a given topic.

ﬁYCIN

The MYCIN system at Stanford Uﬁiversity is an interactive
computer program thch uses the clinical decision criteria of experts to
advise physicians who request advice regarding selection of appropriate
.antimicrobial therapy for hospital patients with bacterial infections
(58). The system uses information provided by the physician (e.g.
signs, symptoms, laboratory data, and normal and pathogenic flora of

nonsterile body sites), together with its own knowledge base, to
} - . .

-

determine organism significancg, organism identificatiqn,kand [
appropriaté‘therapy selection. Through interactive brompting the user
may also request éltefnate therapy, recomméndations, exp}anations of
MYCIN's reasoning,proéesses and justifica;ioﬁs of its recommendatioﬁé.
Formal evaluation of tﬁe program's therapy recommendations meet
with Stanford's experts' standards of accepted prgctice 90% of 'the time
with some variation noted»both among individual experts and between

Stanford experts and others (76).
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CARE

The CARE (Clinical Assessment, Research and Educational) system is
a time-shared computer-based physiologic moniioring system which is
available nation-wide in the United States (60). It is designed to be a
management and edﬁcation aid for the treatment of critically ill
surgical patients.

The user 1is assisted in making the best critical care decisions
through computer—directed, interactive prompting. "Living textbook"
programs present therapeutic cautions and recommendations based on the
initial major problem and underlying factors.* References to relevant
medical literature are made were appropriate.

In a nonrandomized, uncontrolled prospective analysis of all
surgical ICU mortality, Siegel concluded that "the application of the
computer-based CARE syStem for physioclogic assessment will have an
additive beneficial effect on surgical mortality, when used in the
setting bf a" structured ICU teaching service whefe the data can be
appreciated in a timely fashion and used as important information by
which to modify therapeutic decision making"™ (61)., Statistically
signfETEant reductions in ICU mortality were demonstrated in major
traumatic injury, in surgical patients§ with complictions of
gastrointestinal disease and major noncardiac thoracic surgical
procedures. There was also a reduction in the mean surgical ICU length
of stay for survivog;bof 0.82 days and thereforé of estimatedkcost of
care., WHether the CARE system w;s directly or indirectly responsible
for these findings is open to speculation Motivation of the restdent
and nursing staff and organization of the teaching service are factors

that obviously influence the success of the CARE system but‘éttempts to
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' B
evaluate these aspects have not been made.

HOISS

i House Officer Iﬁformation and Scheduling System (HOISS) is a simple
cémputer—based problem oriented information system designed to assist
physicians-in—tfaining with the investigation and treatment of acute
mediéal problems (74). It consisﬁs of a file of information on 79
comﬁon medical problems ranging from raised alkaline phosphatase to
weighﬁ loss. :The information on each problem ?s divided into'general
inforé;tion, investigative procedurgs. and treatment.

Using information provided by the clinician, HOISS'produces'an
outline of each of the patiént's éliniéal problems. Hard copie; of
these oﬁtlineé are then pléced in the patient's record and are used as a
guide to collect information about his/her clinical state.

EQaIQQtion of the system involved tabulation of 13 clinicians'
responses to a 22-part questionaire (75). All the users found the
system helpful in the managment of patients' problems, éelt that patient
care was improved and that their knowledge about the fn@estigation of
acute ﬁedical probiems had incfeased. No attempts were made to
objectively determine kgbwledge acquisition or the effect 6f HOISS on
patient care. |

Young also compared the ﬁanagment of similar groups of patients
cared for with or without the help of HOISS (73). He concluded that
HOISS increased the consistency of'investigation of patients with
simi}ar problems. Indeed, HOISS has its greatest influence on less

i

common conditions.
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THE IMPACT OF COMPUTER TECHN&LéGY ON CLINICAL MEDICAL INFORMATION
SCIENCE
"Computer technology and information science have been applied_yith
recognized success to many areas of modern scientific and indust;ial
development and have been a major determinant in accelerated pacé of
advances in physical and basic sciences. However, critical applications
in the area of medical and health care, although frequently supposed and
. increasingly attempted, have beeﬁ disappoin%ing in'their impact éﬁmthe
'health care system" (29). Freldman and Gustafson (25) havé outlined the

»é( A

probable reasons for the failure of computer technology to gain g
. ; . heve

acceptance ambﬁg phyéicians and to influence the day-to-day management
of'batient~care: “

1) The physician has not yet been provided with computer systems
that exceed his/her own capabilities. 1In medicine the measure
of Success is diagnostic accuracy equal to that of a skilled
clinician, accurate EKG analysis, or historical data
acquisi£ion which saves the physician.time. Many physicians
feel that computers are professionally threatening to theif‘
role as clinicianékpnd will only serve to further dehumanize
the health care system.

2) The physician-computer interaction is unnatufal and can be
tedious and time-consuming. Computer systems require
physiciags and other health care professionals to work in a
manner Whgch is élien to their normal practice and/or training.

3) Avsignificgﬁg positive impact on patient care by‘séccessful

utilizati&n of éomputer technology on medicine and health care

has yét to be demonstrated. The initial construction and
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implementation of a computer system is expensive,
time-consuming and may fequire reorganization and/or ret}aining
of hospital personnel;

4) There is a disarray of cpmputer languages and computer systems
that prevents the transfer of applications from one institution
to ahother. Unlike business'and industry, most computer
systems are not compatible or 1ntérchangeable.

5) Research has not been conducted in satisfactory manner. The
majority of projects in the area of computer applications to
medicine subsequently prove to be impractical, too expensive,
or unacceptable.> And yet fesearchers continue to duplicate
previous éfforts or mistakes. A survey of 32 computer'
applications in medicine published during a S-~year period
bevealed that 51 percent of these projects had been abandoned
or temporarily halted when the initial research fundé wére
exhausted (25). This occurred despite the fact that the
majority (63 percent) of the proje;£s had lived 'up to their
author's expectations. In almost every case the reason for

. abandonment was that the project was not cost-effective. 1In
only 19 percent of cases\did the authors of the programs report
that they were in routine use.

These reasons are at least part‘of the e*planatipn for the lack of
widespread acceptance of clinical computer s&stems. Little 1nformétion
is avéilable on the evaluation cﬁ%guch systems. This thesis describes
the development and evaluation of a computer-based bedside information
- system in the intensive care unit, The system is called the CLINICAL

REFERENCE LIBRARY.
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SUMMARY

Literature related to the role of'computers sin medicine was
presented 1h this chapter. Major clinical information systems available
today were discussed. The lack of ICU-directed or -oriented clinical
information systems was emphasized; The reasons for the‘failure of
computer'technology to gain acéeptance within the medical community were
also summarized. The next chapter describes the‘environment in which -

the CLINICAL REFERENCE LIBRARY was tested.




CHAPTER III

THE INTENSIVE CARE DELIVERY SYSTEM
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This chapter is divided into three parts. The development of the
specialty of critical care medicine and the concebt of the intensive
care ﬁniﬁ are déscribed in part one. Part two is dévoted to the
descriﬁtion of the intensive care delivery system at the Uﬁiversity of
Alberta. The organization of the intensive care unit and the structure
of the teachingvservices are also described. The chapter is summarized

in part three.

INTRODUCTION '

The techniqueé available todéy for preserving vital functions in
the.critigaily {11 or injured patieﬁt were largely unknown befére 1950
when a conservative approach characterizéd the management of this group
of‘patients. It was not until the 1960'3 that intubation and -mechanical
ventilation, hemodialysis, .volume repletion guided by central venous
‘pressure and cardiac resuscitation by the routine use of defibrillatorg
and pacemakers came into general use. Progress in the field has been
accelerated by giant strides in technology. |

Thevintensivg care unit (ICU) provides personnel and facilities
that make it possible to bring the full benefits of these and other
techniques to the critically ill or injured patient (70). The physician
'who is called to the bedside is confronted by an argay of monitors and
sophisticated equipment. Although the traditional techniques of '
noninvasive diagnosis are essential fgr competent understanding of the
patient's clinical status they do not suffice. In times of crisis,
however, specific measurements of major physiologic distrubances and
quantitation of the severity of the vital defects are needed.

Practical examples may be cited to illustrate the implications of
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expanded concepts of diagnosis and monitoring. Auscultatory changes in
the chest, peripheral cyanosis and other physical findings are likely to '
be supplementary rather than primary indicators -of the patient's
physiological state. Tﬁe physician or nurse must be prepared to obtain
arterial blood samples for analysis of blood gases and blood pH.
Alterations in the cardiac rhythm can be detected by cardiac ausculta-
tion, but they are interpreted most appropriately on the basis of the
electrocardiogram, especially in relation to the central arterial
‘pulses. Neck vein distent;on and hepatic enlargement are not sensitive
signs of limited cardiac competenée in the critically'ill patient; the
clinician may be called on to insert a catheter into the right heart,
and into the pulmonéry artery to obtain pertinent infofmatiﬁh.on
ventricular function which is then used to determ%ne clinical
management. Guided by a combination of clinical,-physiologic and
laboratory findings, the.physician wdrking in the'intensive care unit is
prepared to insert an endoctracheal tube and 66 institute mechanical
ventilation. In instanées of acute circulatory failure,'he indféases
the intravascular ;olume by "fluid challenging", at the’same timé,
guarding against the risk of pulmonafy edema and potentially»fatéi acute
respiratory failure. He supporﬁs myocardial funcﬁion by the
administration of,inotropié agents suéh as dopamine'or by mechanical
assist devices such as the intraaortic balloon puﬁp. If a
life—threatening alteration in cardiac rhythm presents itself, he must
be prepared to use either pharmacologic or electric methods by which an
effective rhythm is restored. In summary, his competence'crpsses

traditional specialty lines.



THE UNIVERSITY OF ALBERTA HOSPITALS INTENSIVE CARE DELIVERY SYSTEM

Organization

The Univerity Hospital is the primary teaching hospita; of the
Faculty of Medicine.at the University of Alberta, It serves as the
major referral institution for ﬁorthern Alberta. The Royal Alexandra
“ Hospital is a center for secondary and tertiary care and is also
affiliated with the Faculty of Medicine.

The University Hospital ICU (Station 68) is a 10-~bed unit capab;e
of providing fuli vital systems monitoring and organ support. Itvis not
a postoperative‘recoyery room or a coronary care unit., It operates as a
"closed unit" in that all patients are transferred to the care of the
Director or one of the Associate Directors ana are cared for by the. ICU
team.l This multidisciplinary team consists of a Chief Resident, three
or four Rotating Residents (secunded ffom Internal Medicine, Anesthesia,
and Generai Surgery and the other surgical subspecialties), a Charge
Nurse; Nurse Specialists in Critical Care, Resbiratory Technologists.
Chest Physiotherapists and a Life Support Technician.

The ICU at the Royal Alexandré Hospital (Station 23) is an 8-bed
general systetis féinure unit under the direction of a Director and a.
Co-directof. It is neither a coronary care unit nor a geqeral recovery
.room although postoperatiye craniotomy cases are routinély admitted. It
is alsp a "closed unit", The multiQisciplinary team is identical to
that of the University Hospitél ICU eicept that there is no Life Support
Technician,

The ICU team is responsible for all aspects of care of the

critically ill or injured patient. Both units have facilities for
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monitoring and support, including mechanical ventilation, flow-directed
balloon-tipped catheter monitoring, fiberoptic bronchoscopy, intra-
cranial preséure monitoring, total parenteral and enteral nutrition,
peritoneal dialysis, and cardiac pacing. The University Hospital ICU
has facilities for hemodialysis, hemoperfusion, plasmaphoresis, and
extefnal counterpulsation.

fﬁere are two major differences in the organization of the
University Hosﬁital ICU and the Royal Alexandra Hospital ICU: the former
conducts an air ambulanée service for Northern Alberta while the latter

does not routinely care for patients under the age of sixteen years.

The ICU Teaching Service

The intensive care unit plays an important role in undergraduate
and postgraduate (residency) training. Three or four seécond- or
third-year residents are assigned to the intensive care unit for 2- tq
3-month overlapping rotations. These residents have no other patient
care responsibilitiés. All residents are assigned to the unit during
‘the day and one resident remains om-call in the unit each night.
Although the overall responsibility;for and direction of patient care is
that of the Director or one of the Associate Directors (or Co-director),
the details of patient management are the responsibility of the Chief
Residént and the ICU Residents. All orders, with appropfiate
éupervision, are written by the ICU housestaff. The ultimate authority
and responsibility for changes in therapy as recommended by consultants
not associated with the ICU is that of the Director or one of his

associates.

Decisions reserved for the Chief Resident or the Directors are
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concerned with the appropriate utilization of ICU resources, including
ﬁriage and the institution andiihe countermanding of therapeutic
decisions which are contrary to general ICU policy or are detrimental to
patient care.

Medical students are usually relegated to the role of observers but
are encouraged to participate in the daily routine of the intensive care
Qnit as much as possible.

Bedside rounds are conducted at least twice daily. Weekly service
rounds are conducted by the resident staff and medical students.
Didactic sessions are held daily and are presented by the residents,
attending staff or visiting professors.

Nursing inservice rounds are held at each hospital -on a regular
basis. Even though attendance is mandatdfy at the Royal Alexandra
Hospital, attendance at such sessions are about equal,

The tbtal number of patients admitted to each ICU each year is in
the order of #50. ﬁhe mean ICU stay is about 7 days with a median of

3.5 days. Patients come for medical and surgical services in

approximately equal numbers’

SUMMARY
In this chapter the intensive care delivery system at the
University of Alberta was described. The next chapter deals with the

HP 5600A Computerized Patient Data Management System.
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In this chapter four toglcs are discussed. The fi{rst part is a
brief overview of the capabilities of the HP 5600A Patient Data Manage—
ment System: the patient monitoring system with which the CLINICAL
REFERENCE LIBRARY 1is intimately associated. The second part describes
the system hardware. Operation of the CLINICAL REFERENCE LIBRARY from
the bedside is emphasized. A brief description of the software in-
cluding the CLINICAL REFERENCE LIBRARY is presented in the third part.

The chapter is summarized in part four.

INTRODUCTION

The ﬁP 56004 Patient Data Management System (PDMS) was installed in
the Uniyersity Hospital ICU in November 1980. The initial pufchase
price was $425,000. Operating and maintenance costs are about $30,000 a
year, Operation of the system is the responsibility of the Department
of Information Systems.

THe PDMS handles a wide spectrum of patient data from admission
through diagnosis and treatment, to discharge and fdllowﬂp. It
automatically logs each patient's vital signs, accepts and stores staff
notes and manuall&éentered laboratory data, produces a variety of
displays of aata'in tabular and trend form, and prints hard copies of

the displays as well as other reports on demand.

THE HARDWARE

Conceptually, tﬁe PDMS consists of a medical subsystem aﬁd a
computer subsystem. The medical subsystem consists of bedside
monitoring equipment, medical data terminals and the hardware necessary

to interface the monitors and terminals to the computer., The 2113A
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computer and the equipment peripheral to it comprise the computer
subsystem (Plate 1). The'computer utilizes a HP 7920 disc drive
(capacity 50 Mbytes) and drives a HP é631A character printer.

“iThe beside monitors have direct cabling to the central nursing
station and to the computer's analog-digital converter. One/éerminal

‘ \ : AN
can be shared by several beds. Alpha-numeric displays with aﬁgqghed

¢

keyboards are located in the computer room (Plate 1) and cent;él nursing
station (Plate 2) and can be connected to the computer via telephone.
All communication between the user and the PDMS is conducted in
natural language mode. There are two basic types of terminals: one, the
HP 5671C Video M&nitor is located at the bedside and cons?sts of a hand
held keyboard (Plate 3) and a 14" video screen (Plate 4); the other, the
alpha-numeric terminal (models HP 2645A and HP 2648A) is found in the
central nursing station and computer room and consists of ; 5 x 10-inch
‘video display in a keyboard similar to that of a standard typewriter
(Plate 5). Certain keys on both keyboards aré designated as special
function keys and are identified by a function name engraved in color

above the key's standard character. The purpose of such keys is to

provide quick, direct access to specific data displays.

SYSTEM SOFTWARE

Software consists of system programs written in Assembler language
and application programs written in FORTRAN;

All data generated during hospitalization in the ICU can be
recorded, These include patient admission information, clinicalﬁ
history, physical examinatioﬁ, routinely monitored signals (heart rate,

systolic, diastolic, mean arterial and central venous pressures, EKG;



Plate 1:

" The 2113A HP Computer and
‘Peripheral ‘Hardware '
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Plate 2: |
- The Central

Nursing Station
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Plate 3:

“The HP 5671C Video Monitor:
Handheld Keyboard

41



Plate 4: |
The HP 567 1C Video Monitor:
Video Screen '
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and éore temperature), physicians' notes and nurses' progress notes,
and manually-éntered data, including laboatory results, X-ray reports,
fluid balance and respiratory information. The complete record of each
patient is available for on-line retrieval and hard copies of di§p1ays
or printed reports are easily obtained.

The ICU team exercises complete cpntrol<over all aspects of patient
‘ monitoring, from selection of the physiological parameters to be
imonitored and/or trended, to suspension or resumption of monitoring.
Ali control is done dynamically, without stopping or interrupting the
system. Data may be stored temporarily or permenantly.

Useful’hemodynamic variables (cardiac index, stroke volume index,
systemic vascular resistance index, pulmonary Qascular resistance ihdex)
can be derived frgm monitored vital signs daia and manually-entered data
pertinent to a sp;cific cardiac output as determined by the thermal
dilution technique.

The Patient Management subsystem enables the user to flip rapidly
back and forth through data pertinent to a particular patient's proble@.

much as one would flip through a patient's chart. The problems relevadt

25

i : |
to the /patient are selected from a master list of problems. \

The Drug Infusion Calcﬁlator subsystem provides a usefulland
timeZsaving means of rapidly calculating éhe dose or rate of drug
,_infusién. Features of this subsystem include a list of commonly used
drugs, a free-form text of recommendations (i.e. information on admin-
istration and drug action), a dose’meter which graphically i;lustrates
the dose to be administered and warning mes;ages which are displayed to

alert the user to toxic doses, erroneous entries or missing information.

The HP Reference Library provides a flexible means for storing

\
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information which may later be recalled for the purpose of references,
training or review.
The CLINICAL REFERENCE LIBRARY is available at all terminals

1nciuding the bedside terminals.

SUMMARY

In this chapter the HP 5600A Computerized Patient Data Management
System of whiéh the Clinical Reference Library is intimately associated
was described. The next chapter describes the development of the |

CLINICAL REFERENCE LIBRARY.



CHAPTER V

THE CLINICAL REFERENCE LIBRARY
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This chaptér which deseribes the development of the CLINICAL
REFERENCE LIBRARY is divided into five parts. Part one describes the
conceptual framework and philosophy of the CLINICAL REFERENCE LIBRARY.
Part two is devoted to the engineering considerations. Development of
the clinical information "modules" is presented in part three. Part
four describes the operation of the CLINICAL REFERENCE LIBRARY. The

chapter is summarized in part five.

INTRODUCTION

As was mentioned earlie;, one of the problems confronting
physicians today is that of keeping abreast of medical information.
Bernier has stated that the amount of information to be processed and
assimilated is well beyond our abilitiés and that OU? current retrieval
processes are too cumbersome (6). He has quoted Goudsmit: "A modern
computer can make a complete literature seafchvin~a remarkable short
time and overwhelm one with a bibliography that requires a lifetime to
read and study:" |
| Bernier has stated éhat what is needed is a "genuine information
retrieval system" (6). That is, one which "answers" questions immed-
iately. He has suggested that the following features be incorporated‘
into such an information retrieval system:

1) the material presented should be indexed

2) the supject matter should be limited to specific areas

designated by the user group and should be updated regularly
3) the subject matter should be an abstract of the original

work(s)

‘4) . the mechanism by which the informationkié‘presented should be
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physically accessible at all times, and ‘

i

5) the information must be available at all times.

These charateristics were incorporated into the CLINICAL REFERENCE

LIBRARY.

ENGINEERING CONSIDERATIONS.

The philosophy presiding over the design of the CLINICAL REFERENCE
LIBRARY was to miﬁimize the technical burden aséociated with the
development, maintenance, and use of the computerized medical informa-
tion "modules™.

- The use of nonskilled users requires thatH:he'CLINICAL REFERENCE
LIBRARY be menu-driven. Explicit instructions are available, at every
step in the CLINICAL REFERENCE LIBRARY., This, combined with
user—orientedVdiSplays,vprovides the user withtthe information needed to

pinpoint his/her positioh in the CLINICAL REFERENCE LIBRARY at all

times. The ability to exit a module frdm any level at ény time and to

" access any module are also important in this respect.

© All tﬁe information in the CLINICAL REFERENCE LIBRARY file is
stored on magnetic tape and is available 24 hours a day. The respénse
time of the user-—computer interactions is very rapid. The system is
self-instructing. ﬂ

Because of the highly illustrative nature of much of what is
presehted in'traditional medical and allied health education, graphics
arg a necessary component of the CLINICAL REEERENCE LiBRARY.
Unfortunately, only one graphics terminal (model HP 26U48A) has been
installed in the University Hospital ICU. All graphics are therefore

presented to the user on paper. A 107-page binder containing 75
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laminated illustrations and 11 tables designed by the author are
immediately adjacent to all computer terminals,
DEVELOPMENT OF INFORMATION MODULES

The content of the clinical information modules was based on
consideration of common and potentially serious medical problems
frequently encountered in the intensive care unit. The charts of 75
patients admitted to the University Hospital ICU during the first 2

months of :1981 were reviewed. Twenty disease processes or clinical

'préblems were chosen and developed for the CLINICAL REFERENCE LIBRARY

from this chart review (Table 1).

Each module consists of many computer displays_(ranging from 5 to
186) and contains information needed for optimal patient care. Where
applicable, information basic for any single problem was classified
under the following headings:

1) definition

2) incidence

3) etiology

4) bacteriology/pathology/pathophysiology

5) . clinical course

6) diagnosis

™ éreatment

8) complications

4) prognosis

10) references



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20,

Table 1
Content of the CLINICAL REFERENCE LIBRARY

The problem oriented medical record

' Airway management including intubation and tracheostomy

Pulmonary physiology

Acid-base regulation

Gas transport

The pathophysiology of acid-base abnormalities
Pulmonary embolism
Aspiration pneumonia
Septic shock

Adult Respiratory Distress Syndrome (ARDS)

Pediatric medications including dosages, intervals and routes

of administration : ’

' Drug interactions including adverse effects and possible

mechani sms

Acute poisonisgs (acetaminophen, barbiturates, acid alcohols,
carbon monoxide, salicylates and tricyelic antidepressants)
Antimicrobial therapy

The pathophysiology of starvation and the_principles of -
hyperalimentation

Brain resuscitation and ICP monitoring

Flow-directed balloon-tipped catheter monitoring
Hypothermia |

Burns

The pathophysiology, diagnosis and manageﬁsns of cardiac

arrhythmias
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The "common format" is based on McWhinney's analysis of common
problem-solving errors (45):

1) the failure to respond to cues presented by the patient due to
physician inéxperience or due to the mental set of the
physician N ‘

2) premature convergence on a diagnostic hypothesis and failure
to consider alternate hypotheses

3) errors in diagnostic strategy (i.e. redundancy and inadequacy
of testing), and

4) management errors.

It is apparent from this list that failure to remain well informed can
be related directly to these problem-solving errors, Conveﬁsely, these
errors are related to the specific components of the "common format"
data base.

The modules were developed during the latte nths of 1981 and,

except for occasional revisions based on user suggestions (e.g. spell- e
=4,
ing and punctuation) and updating of the references, remained stable o
during the period of the study. Creation and updating of the modules
were the responsibility of the author. Information from recent
textbooks and journal articles was converted into workable computer
displays with appropriate reference citations. An audit of the medical
content was completed before the modules were incorporated into the
CLINICAL REFERENCE LIBRARY. Recognized and respected authorities in
various medical and surgical specialties were‘invited to criticize the
content of the modules for accuracy, currency and completeness. The

author reviewed their suggestions and criticisms. Appropriate changes

were made where necessary. Opposing views and opinions were expressed

L
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in areas of controversy (i.e. the best possible therapyl recommend ed
practices, etc.).

Revision of the text can be easily acommplished with the use of a
visual editor. This does not require disruption of‘the CLINICAL
REFERENCE LIBRARY, Changes in the programming of tﬂé prompts, etc., can

be easily performed using preconstructed utility programs.

SYSTEM OPERATION

The author assumes that the user is totally naive about computers.

Consequently, equipment is limited to three familar PDMS elements:
1) a television monitor
2) a hand-held keyboard reminiscent of the touch—tone telephone,
and
3) a typewriter keyboard (of which dnly 14 keys are necessary for
operation of the CL£NICAL REFERENCE LIBRARY).
The level of understanding need be no greater than the ability to

L)

read and follow directions., Operation of the CLINICAL REFERENCE

30

LIBRARY requires only six simple commands ( APPENDIX 1).

When a resident decides that the clinical management of a

eritically 111 patient is likely to be difficult or that He/she lacks . *

I k A. ' A(E ( i .
sufficient &nowledge about a particular clinical problem, hg/sh31¢anﬂi?
! IR B

i

consult the CLINICAL REFERENCE LIBRARY. After entering his/her personal

identification number the user is immediately presa?t%i‘with an ihdex‘qr

"main menu" of twenty problems or problem areas ("modufes"): (APPENDIX

e
g N

2). Having typed a module number, for example 17,?he/$he is presenfed

with an index to "ACUTE POISONINGS" (APPENDIX 3).?'f£é‘USer then has

several options:
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1) he/she can start at the beglnniné of the module and continue

through the module as if he/she were reading a book, or

2) he/she can directly aécess a specific heading or subheading

e.g. 17.1.5 TREATMENT (OF ACETAMINOPHEN POISONING) and coniinue
through that section as if he/she were reading a chapter in a
book, or

3) he/she can directly access a spec¢ific page within the module

and continue on from there‘e.g. on page 9, entitled 17.1.3
PATHOLOGY AND PATHOPHYSIOLOGY (OF ACETAMINOPHEN POISONING), the
major pathophysiological aspects are presented.

After using the QLINICAL REngENCE LIBRARY, the user can
immediately sign-off or, more preferaply, can access a nine-part
questionaire (APPENDIX 4),

SUMMARY

This chapter was devoted to the description of the CLINICAL
REFERENCE LIBRARY. The conceptual framework and philosophy, engineering
censiderations and developmené 9fighe clinical information modules were
described. Operation of ﬁhe CLINICAL REFERENCE LIBRARY was also
presented. The next chapter describes the methodology employed to

evaluate the effectiveness of the CLINICAL REFERENCE LIBRARY as a

ot
’ kS
‘

" teaching tool.

¥
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In this chapter the methodology employed to evaluate the effective-

ness of the CLINICAL REFERENCE LIBRARY as a teaching tool is described.

The chapter is divided ihto five parts. Part one describes the experi-
mental design. Part two describes the participants. Qualitative and

e
quantitative data gathering techniques aJ]” fibed in part three.

o

AR " T
Part four documents how the results of the'¥Pe- and post-test

examinations and questionaires are combined in the final analysis. The

_chapter is summarized in part five.

DESCRIPTION OF PARTICIPANTS

Sixty-nine health care personnel were evaluated prospectively over a

j12—modth period. Forty-six participants were assigned to the control

group which was composed of § medigal,students, 9 nurses and 10
residents from the Royal Alexandra Hospital ICU and 8 medical students,

4 nurses and 7 residents from the‘University Hospital ICU. Twenty-three

health care personnel were assigned to the experimental group which was

composed of 8 medical students, 8 nurses and 7 residents from the
University Hospital ICU.
Three or four second- or third year residents were assigned to each

ICU for 2- or 3-month overlapging rotations. The resident population

‘was composed of trainees in Iﬁternal Medicine, General Surgery, Ortho-

pedic Surgery and Anesthesiaj Prior experience in critical care
medicine or allied fields wa; variable. ‘Most residents had had exper-
ience in at least one of thé following: coronary care, neonatology,
post—operative cardiac recovery, anesthesia or adult cfitical care.

One or two third or fourth year medical students Wwere assigned to

either ICU for four weeks at a time. Prior experience in critical care

s
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medicine was negligible in this subgroup.
Only nurses permenantly workingfgn the intensive care unit were
involved in this study. Nurses not traihed in critical care were not

eligible. All the nurses had similar baekgrounds and work experience.

EXPERIMENTAL DESIGN &

The study was a classical, noa;randomized, pre-test-post-test,
control-experiment research paradigm. This design is one in which a
group which has experienced "X" (in this case, the CLINICAL REFERENCE
LIBRARY) is compared with one which nas not, for the purpose of estab-

lishing the effect of "X" (11). This is graphically illustrated as:
\\\ .

0 X 0
o] 0
-In the interest of the time, the study(was divided into two phases.
During the first phase, all participants entering the study were
assigned to the control group (August 16, 1981 - February 14, 1982),
This part "of the study was conducted during the development of the
CLINICAL REFERENCE LIBRARY and‘ggs terminated as soon as it became
operational. Durlng the second phase ggebruary 15, 1982 -~ August 15,
1982), all participants entering the s%ﬁsy were assigned to the
experimental group and were allowed unlimited acceaé to the CLINICAL
REFERENCE LIBRARY. Participants were not randomly gssigned to either
ICU or either eonprol or eaperimental group. ’Resident and medical
]
student assignmeat was determined by the Director of Resident Training
and the Phase II& Co—ordinator, respectively. Neither official was
affiliated with ‘the study.
1

All particiéants were pre- and post—tested using the same multiple.

|
/

/
!
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choice question examination. Medical students and residents were tested
no later than 72 hours after commencing their ICU'rotation and no later
than 2U4 hours'afterlleaving the service. The average interval between
pre- and post—tes#ing was Y4 weeks and 10 weeks for medicai ;tudents and
residents, respecfively. The third subgroup, the nurses, was somewhat
different in that at the‘time of testing many had alreédy been working
in the ICU for séveral years. Becausg the nurses also worked shift
work, they were pre- and post-tested at their convenience. The average
interygl between tests for the nurses was 12 weeks,

Du;ing the course of the study both groups were encouraged to use
conventional methods of learning e.g. textbooks, Jjournals, bedside
rounds, and qonsultation with staffmen and fellow colleagues. Thus, the
only subspantial difference between the two study groups involved

: \ ) .
exposure to the CLINICAL REFERENCE LIBRARY.

INSTRUMEN%S
The Multiple Choice Question Examination
A comprehensive muleiple cﬁoice question examination was designed to
examine knowiedge in the field of critical care medicine and to measure
the acquisitioh of such knowledée after workiné in the ICU for a
predetermined time. The quesﬁions were designed to not only i
discriminate between the major groups of participants but alsb between
the various subgroups (e.g. medical residénts versus surgéry residents
and senior nurses versus nurses with minimal experience). ‘
The examinatiéﬁ covered pgim?nary physiology, émefgency resu#cita-‘
tion, infection énd baeteriolggy,vhomeostasis, shock, respiratory care

and ‘pulmonary complications, nutrition, and commonkpharmacologic agents
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used in respiratory care and an;sthesia. The examination{was designed
by the author and reviewed by a panel of three critical care
.specialists.

The éxamination waS divided into two sections. Part I consisted of
99 "type A" questions (only.one possible answer) and Part II consisted
of Si "type K" questions (four alternative answers in one of five
possible combinations).

Each of ‘the examinees were asked to answer seven demographic
questioﬁs (Questions 151 ~ 157) concerning prqfessional qualifications,
’postgraduate education and background and the relevancy of the content
of the examination to the disciplinefof critical care medicine (APPENDIX

4.

A

The ihétrhctions for the technique in marking the answer sheet were
presented at the beginning of each section and were reviewed with the
examinees by an invigilator at the time of the'examinatidn. The time
limit was exactly two hours. The answer sheets were scored by optical

Scanner.,

Logging of User Performance
The foliowiﬁg data were automatically recorded for -each user -
CLINICAL REFERENCE LIBRARY encounter:
1) the date; starﬁ time and total elapsed time of the.encoqnper
) 2) the personal identification number Qf the user, and
-3 the modules accessed and the total elapsed time on each module.

‘Questionaires

The following data were recorded if the user elected to respond to



the prompts of a questionaire (APPENDIX 5):

1)

2)

3)

4)

5)

6)

7

-
-

‘the purpose of the encounter i.e, problem~solving, continuing

medical education or recreation

if the CLINICAL REFERENCE LIBRARY was accessed for
problem-~solving, was the informétion present and, if so, was it
helpful? G

the performanée of the CLINICAL REFERENCE LIBRARY with respect
to the library. staffmen, fellow colleagués,and attending
seminars |

a rating of the medical contenﬁ of the CLINICAL REFERENCE
LIBRARY ~

a rating of user competence before and after accessing the
CLINICAL REFERENCE LIBRARY

the degree to which the user feels the CLINICAL REFERENCE
LIBRARY added to his/her fund of knowledge, and

overall evaluation of the CLINICAL REFERENCE LIBRARY and its

comparisonmto other teaching methods.

Each participant answered a questionairé similar to that described

above after writing the post-test examination (APPENDIX 6).

ANALYSIS OF DATA ot

An analysis of varlance was used to test the differences of

participant mean performance on the basis of a multiple choice question

examination. The alpha level was set at 0.05. This pfocedufé was used

to determine intergroup differences for the pre- and post-tests (i.e.

medical students versus nurses versus residents). Using gain scoresd as

data inputs the independent sampleﬁ t-test was used to determine
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differences between comparable populations in the experimental and
control groups (i.e. residents versus residents, nurses versus nurses
and medical students versus medical students) for the pre- and

, , ]

post-tests.

The qy?stionaire data were summarized by user group as follows:

PR

DN
1)  the modules accessed

2) the reason for accessing the CLINICAL REFERENCE LIBRARY

3) ﬁ%e overall rating of the CLINICAL REFERENCE LIBRARY

4) the rating of the medicél content of the CLINICAL REFERENCE
LIBRARY |

5) the rating of user competence before and after using
the CLINICAL REFERENCE LIBRARY

6) the degree to which the user felt the CLINICAL REFERENCE
LIBRARY added to his/her fund of knowledge, and

7 the overall evaluation of the CLINICAL REFERENCE LIBRARY with
respecﬁ to other teaching methods,

The following logging data were cross tabulated by user group:

1) . the modules accessed and the total duration of time spent on

each module, and

2)  the number of accesses to the CLINICAL REFERENCE LIBRARY. /
3

SUMMARY
In this chapter, the methodology employed to evaluate:the effective~
ness of the CLINICAL REFERENCE LIBRARY as a teaching tool was described. '\
The exper;menfal design and the qualitative and quantitative data
gathering techniques wereﬂalso‘described. The chapter'also-documenté

7
23

how the results were combiréd in the finai analysis. The results arj




presented in the next chapter.
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This chapter presents the results of the quantitative and
qualitative techniques used to evaluate the CLINICAL REFERENCE LIBRARY.
The chapter is divided into four parts. The first part is devoted to
the analysis of the multiple choice question examination which was used
to determine cognitive gain. The results of the computer log are
presented in part two. The results of the questionaires are presented

in part three. The chapter is summarized in part four.

INTRODUCTION

Eighty—six subjects participated in this study. - Pafticipants had
Similar backgrounds (i.e. training, experience) in their respective
subgroups. All participants assigned to the control group (16 medical
students, 13 nurses, and 17 residents) completed the pre- and post-test
‘examinations. Of the 40 participants assigned to the experimental
group, only 23 ultimately finished. Twelve (60%) of the nurses and S
(42%) of the residents withdrew from the study. ‘Reasons fér not
continuing included:

1)  too busy to éake part (eleven nurses and five residents), and

A 2) terminaﬁion of employment (one nurse). N

All medical students éssigned to thelexperimental group completed the
pre- and post-test examinationé. Sixty-nine participants were evaluated

prospectively over a 12-month period.”

EXAMINATION RESULTS
Tables 2 and 3 presént the descriptive statistics for the control
and experimentalagroups. The results are graphically illustrated in

Figure 1, Tests for the‘homOgeneity of variances across groups revealed
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no statistically significant difference between comparable subgroups
(1.e. medical students versus medical students, nurses versus nurses,
and residents versus residents).
Table 2
Results of the Multiple Choice Question Examinations I

CONTROL GROUP

PRE-TEST POST-TEST = MEAN SIGNIFICANCE
N X S X S DIFFERENCE LEVEL
Medical
Students 16 63.5 12.1 75.2 11.2 +11.7 p<0.05
Nurses 13 47.9 10.5 51.9 12.2 4.0 NS
Residents 17 76,1 13,4 88.1 13.9 +12.0 p<0.05
EXPERIMENTAL GROUP
PRE~TEST POST-TEST -  MEAN SIGNIFICANCE
N X S X S DIFFERENCE LEVEL
Medical o
Students 8 60.8 13.1 91.5 13.1 +30.7 p<0.05
Nurses 8 47.1 9.4 " 48,6 9.3 +1.5 NS
Residents 7 . 72.3 10.7 102.9 16.8 +30.6

« . p<0.05
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Figure 1: Participant Performance on the Multiple
Choice Question gxaminations
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With regard to the control group, medical students had mean sconﬂs

. il ‘.\ u}
of 63.5 and 75.2 (out of a possible 150) on the pre- and post-tests, y°

dey
o

respectively (t=-7.78, df=15, p<0.05). The residents' mean score on th%% -

pre-test was 76.1 and rose to 88.1 on the post-test (t=-7;68, df:i6,, ﬁkﬁyﬁ
p<0.055. Nurses had pre- and post-test mean scores of uf.g and 51»9, ﬁ
regpectively (t=-1.65, df=12, p>0.05). Medical students and residents
increased their mean test scores on the average of about 12 questions
while the nursés increased their mean test scores by only U4 questions.
These results are summarized in Table 2.

With regard to the experimental group, the mean score for the
medical students on the pre-test was 60.8 and rose to 91.5 on the
post-test (t=-14.0, df=7, p<0.05). Residents had a mean score of 72.3
and 102.9_on the pre- and post-tests, respectively (t=-6.J7. df =6,
p<0.05). Nurses had pre- and post-test mean scores of 47.1 and 48.6,
respectively (t=-1.97, df=7, p>0.05). Medical students and residents
increased their mean test scores by about 31 questions while the nurses
increased their mean ﬁest scores by about 2 questions. These results
are summatrized in Table 2,

The pre—test mean scores between participants in‘each subgroup
revealed no statistically significant diffefénce between the control and
experimental groups. However, the difference in post-test mean scorés
betweén experimental and control medical students was statistically
significant (p<0.05). This was also true for the difference in posttest
mean scores between experimental and control residents. There was,
however, no significant cognitive "gain" in the nurse subgroups

(p>0.05). These results are summarized in Table 3.



Medical
Students

Nurses

Residents

"
Medical
Students
Nurses -

Residenﬁs

Results o? the Multiple Ch

&JCON§ROL

63.5
1.9

76.1

CONTROL

LOGGING RESULTS

Table 3

PRE-TEST

EXPERIMENTAL
X

60,8
k7.1

72.3

POST-TEST
EXPERIMENTAL
¢ X
91.5
u8.6

102.9

&

MEAN

. DIFFERENCE

-2.7
-0.8

-3.8

MEAN
DIFFERENCE
+16.3
—303

+14.8

a}ce Question Eiaminations 1I

SIGNIFICANCE
LEVEL

NS
NS

NS

SIGNIFICANCE
LEVEL

p<0.05

NS

p<0.05

~Analyses of the logging data are-présented in Tables 4 and 5. The

.CLINICAL REFERENCE LIBRARY was accessed 496 times. A total of 576

modules were accessed. During the period of the study, (February 15 to

August 14, 1982) the CLINICAL REFERENCE LIBRARY was utilized for a total

;  0£,1“1.7 hours.
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Table 5

. CLINICAL REFERENCE LIBRARY Logging Data II

NUMBER OF MODULES TOTAL TIME ELPASPED = AVERAGE

ACCESSED (MIN) (HR) ACCESS TIME
(MIN)
Medical ‘ ’ L e
students 218 a 5012 83.5 23.0
Nurses 112 - ’ 940 42.5 8.4
Residents 2u6 2552  15.7 10. 4

‘Although the medical students accessed the system less o. ten than
A4 ‘/\X'?

l the residents (218 versus 246 accesses) they spent more timé&' utilizing

the system (average access time about’ 23 minutes versus 10.4 minutes).

The six most frequently accessed modules were ACIDTBASE REGULATIION,

/

* PULMONARY PHYSIOLOGY, ACUTE POISONINGS, INVASIVE HEMODYNAMIC MONITORING,
'OXYGEN AND CARBON DIOXIDE TRANSPORT and ENDOTRACHEAL INTUBATION AND

" TRACHEOSTOMY. Almost u7$'of the medical students' time were spent on

d

"the basic Science programs, (modules #1,2,3,5,6, and 7) (APPENDIX 2).
Theostotal t&me spent on the ELINICAL REFERENCE LIBRARY by the iédical

students was about 83.5 hours.
) b
Analysis of the nurse logging data was disappointing. The nurses

accessed the CLINICAL REFERENCE LIBRARY less than one half the number of}
times of either th? réﬁidgntshor the med;c%l students. Fifty percent of
the nurses accessed four or lgés modules. ‘The three‘most fﬁequently
"used modules were ENDOTRACHEAL INTUBATION, fGLMONARY PHYSIOLOGY and

. ACID-BASE REGULATION. Average access time was absut 8.4 minutes. The

total time spent on the CLINICAL REFERENCE LIBRARY by the nurses was

about 15.7 hours. .',

>

The two most utilized modules by the\residents were: ACUTE Pg{%?ﬁINGS |
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ANﬁyINVASIVE/éEMODYNAMIC MONITORING. One residént spent more than 50%
of his/her thme on ACUTE POISONINGS. Four of the seven residents
accessed ﬁoqe than 1/4 of the modules. The average access time was
about 10.4 minutes. The total time spent on the CLINICAL REFERENCE

LIBRARY was 42.5 hours.

'RESULTS 'OF QUESTIONAIRES

The computer queationaire (APPENDIX 5) was answered on 97 different
occasions. .The CLINICAL REFERENCE LIBRARY was accessed 496 times.
Despite'ﬁhis poor response, it was poésible to deduce the following
generalizations: ‘ - ) /

1) 'medical students and nurses used the CLINICAL REFERE&CE

LIBEARY for continuing medical education | |
2) residents used the CLINICAL RE?ERENCE LIBRARY primarily for
problem—solving, and L

3) medical students spent longer periods of time at the terminal

than either the residents or nurses.

The remainder bf thisrsection is"devoged to the analysis of the

questionaire adﬁinistered after the post-test examination (APPENDIX 6).

" User responses to this questionaire are presented in Tables 6 to 11.

In general, those participants who completed the sequence of modules
'found the experience rewarding. The most negative responses or the lack

of positive responses were éxpresséd by the nurses.

Use of the CLINICAL REFERENCE LIBRARY

. ) : /
QUESTION 1 confirmed that medical students and nurses used the

- CLINICAL REFERENCE LIBRARY for continuing medicatién while residents

5
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most often used the system for problem-solving. The results are

presented in Table 6.

Table 6
QUESTION J: Which of the following was the most common reason for

accessisg the CLINICAL REFERENCE LIBRARY?

]

Continuing
Problem-Solving Medical Education Recreation
Medical
Students - 8/8 -
. A
Nurses - : v 8/8 . -
Residents 1/7 -

QUESTIONS 2/96&5 were designed in such a way that respondents were
. l//

S/
© compelled tg/efpress a degree of agreement or disagreement on the

; .
sub ject Lﬁ/question. ’ : g

[}

Alikréspondents rated the CLINICAL REFERENCE LIBRARY as average or
above a‘erage with respect to. the hospital librar;, consultation with
staffmeh or fellow colleagues or attending seminars (QUESTION 2)l
Nurse$ were more likely to be indifferent whereas residents or medical
students felt that the CLINICALvREFERENCE LIBRARY was more useful.;han

the library, consultation with fellow colleagdés or by attending

seminars. The results are presented in Table 7.
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Table 7

"

QUESTION 2: How would you rate the CLINICAL REFERENCE LIBRARY...

a. compared to the library?

useless 1 2 3 4 5 useful
Medical Students . - - - 3/8 5/8 g
Nurses - - 6/8 - 2/8
Residents 5 - - - - T7/7

b. compared to consultation with staffmen?

useless 1 2 3 4 5 useful
Medical Students - - é§¥8 - 3/8
. N
Nurses - - - /78 17/8 ;j »
/ Resisdents - - - Wt 3/7 -
" c. compared t§ consultation with fellow colieagues?
u;élgss’ 1 2 3 4 5 use%hkk
 Medical Students - . - e - 8/8
Nurses | - -~ -. 5/8 1/8 2/8
Residents - - - Y . o 5
d. cohpared to ;ttending semiﬁars? | ’J
useless 1 2 3 4 5 3 usefui ”
Medical Stddents - < - - 8/8 _{%ﬁﬁy
Nurses -5 - 5/8 1/8> 2/8
Residents | - - - - T

.Users were asked in QUESTION 3 to rate thé“medical cdntent of the

C%}NICAL REFERENCE LIBRARY., All medicai\Btudents and residents felt

v

that the information was very valuable, current, accurate and medically *

2
«

precise. The nurses were more negative about the value of the CLINICAL

-
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REFERENCE LIBRARY. The results are presented in Table 8.

b 4

*

Table 8

QUESTION 3: How would you rate thé medical eontent of the CLINICAL

REFERENCE LIBRARY?

a. worthless 1 2 3 y 5 valuable
Medical Students - - - - 8/8 i
Nurses : - - 1/8 278 5/8
Residents - - - 7.
b. out-of- 1 2 3 T 5wA current
date . .; : ‘ -~ ;v*
Medical Students - - - . “;848? T e
. KPR 'y Q%*
Nurses - - -
~ Residgnts™ e -
t : c. contairn#) 3 5 error-free
error%&‘f
Medical Students By ko - - 8/8
{ Q@
* Nurses N - - 8/8
Residents - - - - /7
d. medically 1 2 3 4 5 medically
imprecise ‘ precise
Medical Students - - - - 8/8
Nurses , - - g"@*« - 8Q/8

Residents - - - - T/7

et

Most respondents, especially medical students and residents, felt

‘that they acquired knowledge during their rotation through the intensive

B
‘iA,J

care unit and that such knowledge Was attributable to the CLINICAL
REFERENCE LIBRA}Y’(QUESTIONS 4 to 6). Two nurses felt that-the CLINICAL
REFERENCE LIBRA yﬁntributed significantly to their knowledge. The

¥ other nurses were not‘gtherwise impressed. The results are presented ‘in

f Tab1e9 ‘% e '_ : - . t
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Table 9
QUESTION 4: How would you rate your level of overall competence in

critical care medicine before using the CLINICAL REFERENCE
LIBRARY?

average or 1 2 3 Ty 5 outstanding
below average \

Medical Students 5/8 3/8 - - -
Nurses 5/ 3/8 - - -
&

Residents | /1 31 3T - -

QUESTION 5: How would you rate your level of overal compentence in
eritical care medicine afher usiﬁg the CLINICAL REFERENCE

LIBRARY? 4

average or 1 2 3 4 5 outstandiﬁg
below average

Medical Students - - 5/8 3/8
Nurses 5/8 1/8 2/8 - -
Residents v - - 177 6/7 -

b3

QUESTION 6: ' To what degree do you feel that the CLINICAL REFERENCE

LIBRARY added to: yourj%und of knowledge during your

- rotation through ICU?

did not add 12 3 4 5  did add
. Medical Students - - - 5/8 3/8
Nurses 5/8 1/8 1/8 1/8 -
Residents = - - 6/7  1/7
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Most participants felt that the effort invested in using the

. <4
CLINICAL REFERENCE LIBRARY was worthwhile (QUESTION 7).

the nurses were noncommital.

»
i

QUESTION 7: Learning this material by computer was...

a. a waste-

; of time
Medical Students

Nurses
4‘ﬁésident$
i b. boring
Medical Students
Nurses
Residents

c. unsat-
/ﬁedical Students
Nurses

Residents

isfying

2

Table .10

3

5/8

T

6/8

7

6/8

Y
1/8
2/8
5/7
y

- 6/8
"1/8

5/7

y
4/8
1/8

6/7

5
7/8

1/7

" 2/8

1/8

/7

4/8
1/8

/7

About 75% of

The results are presented in Table 10.

time well
spend

enjoyable

satisfying

QUESTION-B was designed to «¢termine which téaching methods the

participants preferred. Nurses p;;ferred consultation with staffmen or

o+

&
one of their peers and bedside teaching.

Only 50% of the nurses.

‘preferred computer-presented material. AMedicél students and residents

unanimously preferred seminars, bedside teaching, computer-presented

material and discussion with staffmen.

Table 11.

The results are presented in
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SUMMARY

In this chapter, the results of the evaluative process of the
CLINICAL REFERENCE LIBRARY were presented. Three specific findisgs
emerged from the data:

1) medical students and residents exposed to the CLINICAL
REFERENCE LIBRARY Macquired" more knowledge than their control
counterparts using conventional teaching methods

2) medical students and nurses accessed the CLINICAL REFERENCE
LIBRARY for continuing medical education whereas residents used
the system primarily for problem-solving, and

3) a general attitudinal ambivalence was directed toward the

- ™

CLINICAL REFERENCE LIBRARY by the nurses.

kS

The .next chapter is devoted to discussion of the results and

recommendations for further research and development.



CHAPTER VIII
DISCUSSION AND RECOMMENDATIONS FOR FURTHER RESEARCH

AND DEVELOUMENT

78
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There have been no reports on the effect of computer-presented
-

ifformation on medical knowledge acquisition in the intensive care unit.
Indeed, the degree of cognitive gain in any clinical environment
involving a computer-based information system has not been previously
documented. Under 1aborator& conditions, however, computer~based
education hag contributed to the acquisition of knowledge (U46).

In this study medical students and residents demonstrated signif-
icant gaiﬁs in knowledge during their rotation through the intensive
care unit., This result was not unexpected in that these individuals are
training to be physicians, albeit they are at different levels of
training. One would also expect medical students to be less-
knowledgeable than residents. This was co;firmed,in both the control
;nd experimental groups by analysis bf the pre- and ‘post-test mean
scores. Most imﬁortantly, however , medical student; and residents |
exposed to therCLINICAL REFERENCE LIBRARY demonstrated statistically
significant gains in knowiedge when compared to their control counter-
parts, ‘ |

These results do not mean that the gains in knowledge by these two
groups was due to the CLINICAL REFERENCE LIBRARY per se, Ideally, one
’would hope that the CLINICAL REFERENCE LIBRARY was the source for their
knowledge. It is possible, however, that:other-éactors account for this
: gai?: . |
1 the information contained wifhin the CLINICAL REFERENCE

LIBRARY stimulated further ﬂnterest. thereby compelling the d‘:;

; user to seek more knowledge elsewhere

T
A%

2) the CLINICAL REFERENCE'LIBRARI reinfo}ced»or supplemen%éég ‘

N

|
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knowledge acquired elsehwere or by other means, or
3) the information contained within thé‘CLINICAL REFERENCE LIBRARY
was insufficient, thereby requiriég the user to look elsewhere ,
The role of the CLINICAL REFERENCE LIBRARY as a teaching tool was
confirmed in part by the reasons why the CLINICAL REFERENCE LIBRARY "‘a-

i

used by the various participants. Medical students and nursés used ﬁhﬁi
CLINICAL REFERENCE LIBRARY for continuing medical education. The
preference of medical students to access basic science material for long
periods supports this. On the other hand, residents cited probleme
solving as the most common reason for using the CLINICAL REFERENEE °
LIBRARY. Residents tended to access clinical topics more often and for
shorter periodsvof time; that 13; they were probably looking for
i;formation.

On atﬂleast two separate occasions, a resident was known to .access
the CLINICAL REFERENCE LIBRARY for the ggrpose"of gathering information
for ICU service rounds. The sections reviewgd were methanol poisoning
and ethyiene glycol poisoning. |

A secondary but equally 1mpoftapt role was the use‘of the CLINICAL
REFERENCE LIBRARY’as a "check" on patient management. Again, the most

-

popular module was ACUTE POISONINGS. The c¢linical problems most likely

to require "qhécking"'were acid altohol poisoning and overdose due to

tricyclic antidepressants.
It is interesting to note that the most frequently utilized modules,
ACUTE POISONINGS, PULMONARY PHYSIOLOGY, ENDOTRACHEAL INTUBATION AND

TRACHEOSTOMY, ACID-BASE REGULATION and INVASIVE HEMODYNAMIC MONITORING,

-

" are topics intimately assbciétéd'with the management. of the critically

111 patient. Although many of the topics in the CLINICAL REFERENCE
- /

1
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a

LIBRARY pertain to the practice of medicine in general, ACUTE POISONINGS

and INVASIVE HEMODYNAMIC MONITQORING are toplcs confined primarily to the

area of critical care medicine. As a group, the residents accessed

these two topios most often. Mediciﬁ students, on the other hand,

preferfed ACID-BASE REGULATION and PULMONARY PHYSIOLOGY. ENDOTRACHEAL

INTUBATION and TRACHEOSTOMY and PULMONARY PHYSTOLOGY were the two most

’

popular topics with the nurses,

% The participation of the nurses assigned to the experimental group

was disappointing. However, this ambivalence was not unexpected despite

the author's attempts to encourage participation. There are at least

three possible explanations am te why the nurses did not demonstrate

significant gains in knowledge after using the CLINICAL REFERENCE

LIBRARY. First, there i3 at this time a general ambivalence among

nurses, a factor which is beyond the control of the author. The nursing

profession is plagued with labor unrest and manpowér problems.

|

The second explanation is based on the nurses'%attitudes toward the

Patient Data Management System. Even though the PDMS was introduced to

the intensive care unit in November of 1980, there still remain $tfong -
{

negative views directed toward the use and the feasibility of /

/

i

computerized ﬁétient data management. Nurses have expressed tﬁe

following views about the PDMS (énd not the CLINICAL REFERENQé LIBRARY)

‘"to the author on numerous occasions:

1)

2)

3)

A

)

4)

/,,

the PDMS takes time away from patient

1
i

the PDMS has beén plagued with numerous "bugs" and "down times"

data is often duplicated by hand before §he ultimate hard copy

is produced

some nurses<lack basic typing skills, and

|
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5) the mechanics of the system are difficult to learn.

Nurses tend to resis\\the introduction of aiteration of any routine.
i
Tnis was most noticeable a few years ago with. the introduction of
L

hemodynamic monitoring in our/unit It can be argued that a negatiye

attitude directed toward the PDMS can also be referr&¥ to the CLINICAL

- X : ‘- y = ’
"REFERENCE LIBRARY merely because of its intimate association with the

¢ ' s ‘
PDMS. o ‘ | E v

Thirdly. the 1ack of’ sufficient encouragementﬁby the senior nursing
staff, in the author's gpinion, was instrumental in the failure to '
acquire sufficient data from this subEKQUp. The Charge Nurse and two

Assistant Charge Nurses were eager to participate in the study and

. offered to act as a liaison between tLe author amd the other nurses.

All three‘wlthdrew from the study shortly after it was started.‘

- [

On the basis of these findings the following suggestions for

'further research are presented The QLINICAL REFERENCE LIBRARY, like _

N - d 0
the problem oriented medicalxrecord.'must become an integral part of the
intensive care delivery system before further attempts are made to
evaluate its role and effectiveness in-critical care medicine." A .

well;structured unit with a Stabie multidisciplinary team witH‘a‘true

acommitmEnt to the care of the critically i11 is required The

Director(s) Charge Nurse and Chief Resident must also have a genuine
belief in the concept of the CLINICAL REFERENCE LIBRARY The
respon51bility for the implementation of this proposal must lie with the
Director. Then. and only then. can a more representative analysis of
the CLINICAL REFERENCE LIBRARY in the ICU be made.

Underutilization and cost inefgectiveness arevdetripengal to the

.concept of the PDMS and the CLINICAL REFERENCE LIBRARY. \Sieéal

N
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L \ ’ : . . P ‘ . .
demonstrated a 20$ increase in utilization of a computer-based

4

physiologic CARE system by all personnel after the introduction'of

"living textbook" programs (59). The effect of the CLINICAL REFERENCE

- LIBRARY on .the utilization of the PDMS could be determined in the

\ i

following manner," The study would be undemtaken in two phases. Phase

- one would involve monitoring the use of the PDMS. vThe following,data

would be automatically recorded for each user-computer encounter:
1) the date, start time and total elapsed time
2) the personal identification number of the user, and
3) the subsvstem accessed and the total time elapsed on each

. . Y
subsystem. A R

W
7

In phase two the CLINICAL REFERENCE LlBRARY would be introduced.

Analyses would be performed for eachfgroup of participants (i e, medical
students,_nurses and other’paramedica personnel and residents) The
results would be tabulated and analyzed for differencesfin“the use of

each of the subsystems across groups before and after the introduction §
of the CLINICAL REFERENCE LIBRARY. |

Having demonstrated that medical students and residentslacquire _

knowledge after exposure to an ICU computer—based clinical information
system, the next step in user evaluation should include testing for ‘ e
proper patient management., = For the purpose of clarity, proper patient )
management encompasses the institution of appropriate investigations.

the development of diagnoses and the implementation of appropriate ‘
therapy. yTestinggfor proper,patient management could be accomplished‘;y
repeating the study described herein and using one or more of the

following test instruments.

t1) more sophisticated multiple choice questions

A
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. 2) clinical scenarios requiring generation'and rank ordering of
| investigations. differeniial diagnoses, or treatments, and
3). sophisticated compnterized clinical scenarios requiring natural
language input mode and which woci;'require the_generaticn and

rank ordering-of investigations, differential diagnoses and

-~

treatments. = o , ‘ o

A fourth and more écphisticated test would involve reviewing patients'
charts and comparing gnat was reportedly dcne and/or documented about a
clinical prgblem with a set of explicit criteria previoucly establiened -
by a group of specielists in critiCal cere medicine. The minimum.
criteriavrequired for the management of twelve pfoblem areas within
critical care medicine would»ﬁé defined b} a panél of critical care
especialists. Topics or problem areas would include pé}monary embolism,
aspiration pneumonia,  septic shock ARDS, acid alcohol poisoning, ..
tricyciic antidepressanﬁ poisoning, salicyléte>peisoning. barbiturate
overdose.,inhalacion injury, hypothermia:/cerebrel edema and |
hyperalimentation. 'Baselinermeasuremyﬁgc of patient management for each
group wo&ld.involve scrutinizing patients' charts for the'documentafion
and management of clinical ﬁrpblems'and comparing these component; of
, patient care with the criteria pre@iously established. Patient

management by the experimental group would be examined by ;eviewing'the
CLINICAL REFERENCE LIBRARY log, the computerized questionaire, and
patients! chakts. 'Objective testing for patient management by the

control group would involve reviewing patients' charts for the
doctimentation and management‘of clinical problems. On the basis of

these reviews, patient management would be analyzed and claesified as

superior, adequate‘or indeterminant,, For'example. in order for the
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management-of a patient wit acid alcohol poisoning to be classified as

. adequate the patient must recadive the follcging therapy ;

1) support of respiratory failure and shock
2) correction of the metabé&ic acidosis

3) immediate hemodialysis, and
4) administration of alcohol.

For such an episode'to be classified as superior, the following aspects

of patient management must be performed:, o

1)‘ documentation of serum ‘acid alcohol levels
2) ‘dccumentation of the urinalysis for oxalate crystals
3) documentation of the fundcscopic examination
R) documentation of the serum calcium and correction hypocalcemia,
¢ ; and ’ ‘ - . (
5) administration of thiamine and pyridoxine supplements (if
ethx}ene glycol poisoning) v

Both groups would be required to document all\aspects of patient care by

using the problem oriented medical record. Data on patient management

- of the two groups would‘then be tabulated and analyzed to determine if a

c¢omputerized clinical information system affects clinicians' abilities

to provide patient management.

.The CLIﬁICAL REFERENCE LIBRARY should be expanded to include topics
such as ventilatora. the metabolic responsg_to trauma, blood compdnent
therapy, wound healing, acute-renal failure, dialysis,.cardiac

tamponade. fat embolism syndrome and the management of trauma.

Lastly.‘a'literature review committee should be set up to regularly ’

update the information and the references of the clinical iwformation

modules. The primary goal of this committee should be to provide all

e



" users ofithe CLINICAL REFERENCE LIBRARY with current ard relevant

information and literature. This committee should be composed of

86

L

respected medical authorities and should include at least one individual

uho has

: . ’ o
an intimate knowledge about the operatjon and phiXosophy of the

‘\CLINICAL REFERENCE LIBRARY. SelectIOn.oriteria for the reference

material should, include: - C ] )

/ 1

2)

3)

4)

5)

6)

 SUMMARY

The

1)

2)

3).
4)

A

"8tate of the art revieﬁ art;eles

caae studies with substantial reviews of the litefature about a
Specific problem

articles about instrumentation and/or methodology if relevant
clinical applications are explicitly described

editorials which discuas and evaluate an article Selected from
elsewhere in the Sournal

articles which compare treatment modalities which have direct

o

clinioal application, and ,

articles which compare drug mechanisms, side effects,

contraindications, dosage, and drug interaction.

effects of the CLINICAL REFERENCE LIBRARY in the intensive care

unit were discussed. Recommendations for further research included:

integration of the CLINICAL REFERENCE LIBRARY into the S

organization of the intensive care delivery system

evaiuation of'the'usef's ability to properly manage patients
expansion of the content of the CLINICAL REFERENCE LIBRARY, and
the formation of a review committee to update the clinical

information modules.

y ...va-’v“v&-
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A

o o



2.

S REFERENCES

T

A ;

Alessio, L et al., Vectorcardiography with microcomputers.

‘In: Computers in Cardiology Conference. 1978; 229-301..

LI

Attinger, EO et/ai. Preliminary results with a comtherized
. -
information systeﬁ for'emergency medical services. in: First
Annual S&mpoéium on Computer Applications in Medical Care.vOctpber
35, 1977, |
Baekgr, RA.. A ;Ehdy of automated information processing systems in

drug reaction surveillance and and reaction prevention. Cdmput

Biomed Reﬁ. 1974; - T:457-488.

Barrows, HS aﬁd Tamblyn, RM. The Clinical Reasoning Process:

Problem Solving in Medicine. In: Problem-Based Learniﬁé. New York:-
Springer Publiﬁging'Company. 1980; 19-é0.

Berg, AO. Does continuing medical education improve the quality of
medical care? J Fam Pract. 1979; 8:1171-1174.

\

Bernier, CL. Reading Overload and Cogency. Inform Proc Man. 1978;

4: YUSF,

Bisera, J et al. Automated infusion pump. Med Bio Eng. 1976;

14:25-30.

!

Bleich, HL. fhe computer as a consultant, N Engl J Med. 1971;

284:141-147., o L
Brandejs, JF et al. Information Systems. Part IV:iwhat the

computer can do for the primary case phyéician. Can Med Assoc

cJ. 19763 114:170-171.

87



TR e

10.

1.

12.

13-

14,

15.

16.

1’7-‘

18.

: ;19.

20,

s~ { 88

Bremer, RE. Microcomputers in health. care delivéry at the
L \: v

solo and group practice level. In: Second Annual Symposium on
Computer Applications in Medical Care. November 5-9, 1978.

Campbell, DT. and Stanley,r» JC. Three true experimenthl désigns.

»

In: Experimental and Quasietx hmental Designa for Research

i ,@3v 1-23. | ’:/‘

Chicago: Rand McNaltyA&Jid’B"

Textbodk of Mediciné.
W.B. Saunders Company. 1933.

Clark, JA. and Roemer, RB. Voice controlled wheelcﬁéir. Arch Phys

_ Med Rehab. 1977; 58:169-177.

Computer Technology in Medical Education and Assessment; Congress
of the United States. Office of Technology, 1979.

de Dombal, FT et al. Computer-aided diagnosis of abdominal pain.
Brit Med J. 1973; 2:9-13. ‘ |

de Dombal, FT et al. Human and computer-aided diagnoéis of

'abdominal pain. A further report with emphasis on the berformance

' of clinicians. Brit Med J. 19T4: 1:376-380.

de Dombal, FT and Gremy. F. Decision Making and Medical Care: Can

Information Science He{p? Amsterdam: North-Holland Publishing

Company, 1976;: 66.

de Dombal, FT. Computers and the Surgeon - A matter of decision,

Surgery Annual 1979: 11%43-49. |

Diebink, GA and Hurst; LL. Computer Projects in Health Care. Ann

Arbor, Michigan: Health Administration Press, 1975.

Drucker, HD et al. Microprocessor based signal pfocessing for the

perceptually deaf. In:.IFEE.Conference on Acoustics,lspeech and

. Signal Processing, 1977; 255-256,

"J Third Edition. Philadelphia:

-



-y

21.

22.

23.

24,

25.
26.

27.

- 28.

29.

30.

31.

89

Eden, HS and Eden, M. Microproceasors in Patient Care. Park Ridge,
Nel Jersey: Nayes Medical Publications, 1981.

Erlander, L.-Cpmputer; in Medicine. St LOJ;S: CV Mosby Company,
1980; 1>20. |

¥ -

Feng, CH e; al. A microprocéssor—baaed data acquisition gnd
preprocesging systeft for obstetrical monitoring. In:ﬁfwenty Ninth
ACEMQ. 1976; 189. |

Freddy, A et al. A microcomputer based arm prosthesis with two

channel sensory feedback. In: IEEE Conference on Decision and

Control, 1975: 92-98.

» e

%,

)

Friedman, RB and Gustafson, D. Computers in Clinical Medicine. A ~H¥mya.”

critical review. Comput Biomed Res.‘1977;10:199;2ou.

Friedman, RB et al. A simulated patient physician encounter using a

‘talking computer. J Amer Med Assoc. ﬁ977; 238:1927:1929.

. Girard Associates. A compact computerized anesthesia machine

that alerts doctors to any problem. Biomed Elect. 1978; Nov. 25: b,
Girard Associates. A portable, hicrocomputer—controlled voice
syntﬁesizer system..- Biomed Elect. 1978; Nov. 25,5.

Grant, M.B. HS00070-01. Office of Special Programs. Bureaquf ’
Heaith Manpower Education. Washington, DC: N;tional Institute of

Health (DHEW), 1976.

~

Griffith, DW and Barnes, NW. A microprocessor-based‘tilting bed for
blood pressure gontrol. In: Third Annual Symposium on Computer
Applications in Medical Care. October 14-17, 1979.

Gustafson, JC et al. Coordinating medical literature withuzétient‘

care, Meth Inform Med. 1977; 16:234-240.



32.

34.

35.

36.

37.

38.

39.

4o.

1.

90

Hagen, RW et al. Clinical thsiologio research instrumentation: An
approach using modular elements and distributed prdbeasing..In:
Third\Annuah Symposium on Computer Applica%}ons in Medical Care.
October 14-17, 1979.

Health Computer Application in Canada. Healtr;‘;omputer Information
Bureau.\Voi. III, June, 1?76.

Heuston, DH. The promise and inevitability of the viﬁeo disc in
education. Washington, D.C.: National Institute qfﬁ%dUcation
(DHEW), 1977.

Horvath, RC et’al. Designing aspects of a micro processor-assisted
cardiac cétheterization equipment. In: Dig Eleventh Int Conf Med
and Biol Eng. 1976.

Kanona, PG et al. Microprocessor-controlled memory for
cardiopulmonary monitoring of high risk Infants. IEEE Tran‘

Biomed Eng. 1977; 24:536-538. ‘ |

Katz, L et al. COMTRAC: Computer-based case tracing. Inf

First Annual Symposium on Computer Applications in Medical Care.
October 3-5, 1977. )

Knutti, JW et al. Toﬁally implantable ultrasonic flow, pressure and
EKG telemetry using a custom integrated éircuit approééh. in: AAMI
Thirteenth Annual Meeting, 1978.

Lancaster, FW. Information Retreival Systems. New York: John

Wiley and Sons, 1968.

Lawrence, SB. INTERNIST., Forum oncMedicine. 1978; 1:44-47,
Lloyd, JS and Abrahamson, S. Effectiveness of continuing medication
education?: A review of the evidence. Eval Health Prof. 1979;

2:251-280.



M AN e e e

y2.

43.

L,

45.

u6.

u7.

u8.

ug-
50.

51.

52.

e S,

\ 91
Marg, E et al. Computer-ahsiste& eye examind‘ioﬁa. Amer J Opto
Physiol Opt. 1977; 54:2-18. y, "
McDonald, CJ. Protdcol-ﬁased computer remiﬁdera. the quality of
care and the non-perfectability of man. N Engl J Med. 1976;
295;13511-1355.‘

McDonald, CJ et al. A eomputer-based record and clinical

‘monitoring system for ambulatory care. Amer J Pub Health. 1977;

67:240-245.

McWhinney, IR, Problem Solving and Decision Haking. Oxford: Oxford

‘University Press, 1981.

Medical Information Network for Ontario: Determination of Need.
1974; London: University of Western Ontario.
Medical Knowledge Self-Assessment Program (MKSAP VI). American

College of Physicians. 1982; Philadelphia, PA.

Miller, RA, Pople, HE and Myers, JD. INTERNIST-I, An experimental

’ computer—based;diagnostic consultant for gener§1 internal medicine.

N Engl J Med. 1982; 307:468-476. /
Milliken Communications Corporation, 1982; Stg Louis, Missouri.
Morasso, P et al. LOGOS: A michoprocessor-basea device as‘a
writing and for the @otor handicapped. Meth Biol Eng. 1978,
16:309-315. | |

Pipberger, HV. Computer analysis of the electrocardiogram.

Comput Biomed Res. 1965; 1:377-407.

Pryer TA, et al. The HELP system. In: Sixth Annual Symposium on

Computer Applications in Medical Care. October 30-November 2,

1982,



TR IO v

53.

54.

55.

56..

57.

58.

59.

- 60.

61'

_Care. October 14-17, 1979.

T e— ) g 5

92

! .
Rappaport, W et al. A mioroprooasaor-bused teleradiology system,

In; Third Annual Symposium on Computer Applications ih Medical

Roberts, SK. Artificial Intelligence. Byte. 1981: September

164-178.

Rosati, FA et al. A new information system for medical practioe.

Arch Int Med. 1975; 135;1017-102&5 _ '

Savita, SR et al. A microcomputer based bortable hemodialysis
system. Int J Artif Organs. 1978: 9-13.

Somand, ME et al. COSTAR - Functional characteristics of an
ambulatory care medical information system. In: First Annual
Symposium on Computer Applications in Medical Care., October 3-5,
1979. ’
Senior, J. The Computer-Based Examination. in: Toward the
Measurement of Competence in Medicine. 1976; Philadelphia: National
Board of Medical Examiners and the American Board of Internal |
Medicine. |

Shortliffe, EH et al. Computer-based consultationa’in'cliniéal
therapeutics: Explanation and rule acquisition capabilities of the

MYCIN system. Comput Biomed Res. 1975; 8:303-320.

Siegel, J and Strom, BL. The computer as a "living textbook"

applied to the case of the criticélly’injured patient. J Trauma.
1972; T35-752.

Siegal, JH et al. The effect of:survivai of éritically 111 and
injured patients of an ICU teaching service organized about a

compdter-based phySiologic CARE system. J Trauma. 1980; 20:558-579.



62.

63.

65.

66.

67.

68.

69-

70.

71.

T2.

93

Sibley, JC et al. A randomized trial of continuing medical
education. N Engl J Med. 1982; 306:511-515.

Skakun, EN et al,. A following study of the computerized patient
management problem examination in padiatrica. In: Med Info '77.
Amsterdam: North Holland Publishing Company, 1977: 833—836.

Slack, WV et al. A computer-based medical history system.

'N Engl J Med. 1966; 274:194-198.

Surgical Education and Self-Assessment Plan (SESAP III). Ameriogn
College of Surgeons; 1§62. Chicago, Illinois.

Taylor, WC et al. The use of computerized patient management
problems in a certifyipg examination. Med Educ, 1976. 10:179-182.
Thompson, HK and Christopher, TG, CLINFO, A research data
management and analysis system acceptable to physician users.

In: Firsi Annual Symposium on Computer Applications in dical
Care October 3-5, 1977.

Tumulty, PA, The Effective Clinician. 1973; Philadelphia: W.B.
Saunders Company.

Webster.'JG. An intelligent moqitor for ambulatory ECGs. Biomed,
Sei Instru. 1978; 14:55-60.

Weil, MH and Shubin; H. In: Critical Care Medicine: Current
Principles and Practices. 1976; Hagerston, Maryland: Héfper and
Row. ”

Westenskow, DR et al. Microprocessers in intensive\Bare. Med
Instru. 1980; 14:311-313.

Wiener, F and weil. Mﬁ. Computer-based mbnitoring and data _
management in critical Eare. Meth Inform Med. 1978; 17;252~

260.

R iaad



73.

7“0

75.

76.

9N

Young, DW. Clinical information systeam for junior doctors,

Int J Biomed Comput. 1980; 11:241-246.

Young, DW. Houiﬁ officer information system - HOIS. Int J
Biomed Comput. 1980; 11:521-529.

Young, DW. Doctor's attitudes to a computer-based clinical
1nrorqation system. Meth. Inform. Med. 1981; 20:196-199.

Yu, VL et'al. Evaluating the performance of a computer-based

consultant. Comp Prog Biomed. 1979; 9:95-102. .

e e L e R S B R ARG £ 5



RGBS s iy

s

APPENDIX 1

‘OPERATIONAL COMMANDS FOR THE

CLINICAL REFERENCE'LIBRARY

CLINICAL REFERENCE LIBRARY PG 1/
TO: S . PUSH:

GO FORWARD ONE PAGE GO

GO BACK ONE PAGE ‘ -GO

SELECT A PARTICULAR MODULE
HEADING, SUBHEADING

OR PAGE MM.HH.SS GO
OR MM...PP GO
ETC

START AT A PARTICULAR LOCATION
sMM. HH.SS. PP. GO

RETURN TO A PREVIOUS LOCATION,
TABLE OF CONTENTS OR EXIT 0 GO

VIEW INSTRUCTIONS ; GO
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APPENDIX 4

QUESTION EXAMINATION

151. HOW LONG HAVthOU BEEN_ACTIVELY INVOLVED IN CRITICAL CARE

MEDICINE? ])/ :

A. NEVER -
B. LESS THAN 3 MONTHS

!
C. 3 TO 6 MONTHS

D. 7 TO 12 MONTHS
E.  MORE THAN ONE YEAR

152; YOUR PRIMARY PROFESSION IS:

A.  MEDICAL STUDENT (ANSWER QUESTION 157)
B.  NURSE (ANSWER QUESTIONS 153 AND:157)
c. énygﬂCIAN (ANSHER QUESTIONS 154 TO 157)
D.  OTHER (ANSWER QUESTION 1577
153. YOUR LEVEL OF NURSING TRAINIﬁéﬁizj‘\
A.  CRITICAL CARE NURSE

B. BACHELOR OF SCIENCE (NURSING) f
C. REGISTERED NURSE |
154. YOUR PRIMARY MEDICAL SPECIALTY‘IS:
A.  ANESTHESIA
B. INTERNAL MEDICiNE
C.  * SURGERY
D. PEbIATRIcs

i

E. OTHER
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155. YOUR LEVEL OF POSTGRADUATE TRAINING IS:

A. RESIDENT I

B. RESIDENT IIX

c. RESIDENT III o
D. RESIDENT IV

E. ﬁESIDENT v

156  YOU HAVE PREVIOUSLY ROTATED THROUGH:

A.  ANESTHESIA

B. éORONARY CARE UNIT

C..  ADULT ICU

D.  NICU

E.  CARDIOVASCULAR RECOVERY ROOM

157. HOW MANY OF THE 150 QUESTIONS ON THIS EXAMINATION DO YOU

THINK ARE PERTINENT TO THE FIELD OF CRITICAL CARE MEDICINE?

A. 1 TO 30
B. 31 TO 60
c. 6{ TO 90
D. 91 TO 120

" E. 121 TO 150



Why

a.

Assuming that you accessed this program for problem-solving

APPENDIX 5

COMPUTER QUESTIONAIRE

did yod access this program?

problem-solving ie. problem with management of a

patient
continuing medical education

recreation

reasons:

d.

b.

e

did you find the }nformétion you.were seeking?

did the information help resolve a problem or problems?‘

/

would you rate the CLINICAL REFERENCE LIBRARY? .

compared to the library
useless 12345 . very useful
compared to'consu;tation‘with staffmen

useless | 123145 ~ very useful

- compared to consultation with fellow colleagues

useless ' 12345 7 very useful

compared to attending seminars

useless 12345 " very useful

111

(4
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4, How would,yéu rate medical content of CLINICAL REFERENCE

LIBRARY?

a. Worthless 12345 valuable
~b. out-of-date - - 12345 ° current
c¢. contains errors 12345 error-free
d. medically 12345 medically X
imprecise R precise

How would yod rate your level of overall competence in

eritical care medicine before using the CLINICAL REFERENCE

LIBRARY?

average or l 12345 outstanding

below average |

How would'you rate your level of 6véra11 competence in
critical care medicine after using the.CLINICAL REFERENCE
LIBRARY? |
average or 12345 outstanding

below average \ .
To what degree do you feel that the CLINICAL REFERENCE
LIBRAHY added. to your fund_of knowledge during your rotation
through the. ICU?

did not add 12345 aid add

Learning this material by computer was:

a. a waste of 123145 . time well spent
time
b. boring 12345 enjoyable

c. unsatisfying 12345 satisfying -

’
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9. Which of the following teaching methods do you prefer?
- . ¥

a. computer-presented material Yes No
b. seminars : Yes No
c. reaaing textbooks Yes ho
d. reading Journals Yes  No
e. discussion with staffmen Yes No
f. discussion with colleagues Yes  No

g. bedside teaching Yes No o




APPENDIX 6.

TH@XPOST-TEST,EXAMINATION QUESTIONAIRE
Which of thé\follouing was the most common reason for
éccessing the CLINiCAL REFERENCE LIBRARY?
a. problemfsolving ie. problem with the management of a
‘pat;ent |
.

b. continuing medical education
¢. recreation ) , _
How would you rate the CLINICAL REFERENCE LIéRARY...;.
a. compared to the library?

useleés . _ 1 2'3 4 5 very useful
b. compared to consultation with staffmen?

useless 12345 very useful
c. compared~to’consu1tation with’fellow colleagﬁes?.

useless  v 123 45 ‘very useful
d. compared to attending semipars?

useless 12345 véry‘useful

How would you rate the medical content of CLINICAL REFERENCE

LIBRARY?

a., worthless 123 45 valuable -

b. out-of-date | 12 345 current

¢, contains errors 12345 error~free

d. medically 12345 ' medically
imprecise o v precise

114
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4, How would you rate your level of overall competence in
critical care medicine before'using the CLINICAL REFERENCE

LIBRARY?

average or 12345 outstanding
below average !

5. How would you rate your level of overall competence in

critical care medicine after using the CLINICAL REFEREN%Ff

4

LIBRARY?

average or 12345 ~ outstanding
below average

2N

h

LIBRARY added ﬁo your fund of knowledge during your rotation

6. To what degree do you feel that the CLINICAL REFERENCE

S —

through the ICU?
did not add . 123145 did add

7. Learning this materiallby computer was...

a. a waste of L 12345 time well spent
tine N |

b. . boring _ 2345 enjbyable

c. unsatisfying 123 45 satisfying

Y

8. Which of the following teaching methods do you prefer?

a. computer-presented material Yes - No
b. seminars | : Yes  No
« ¢. reading texﬁbooks Yes No A
d. rgading journgls ‘ Yes No
h;. discussion with staffmen Yes No
f. discussion with colleagues Yes Nb
g. bedside teachiﬁg . - Yes No , ' i




