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Abstract. This paper reports on continuing work being done at the Royal Hallamshire Hospital in
Sheffield UK, which aims to provide a system where all reference and patient data are available
within a single user interface — the Web. Specifically, the work is investigating the application and

evaluation of the integration of Web based resources into the clinician’s working environment
within an evolving Integrated Clinical Workstation.

1 INTRODUCTION

Evidence Based Medicine (EBM) is an approach to patient care which ensures that
potential advances in hedth care must be tested and proven to do more good than harm
before they are incorporated into medica practice [McKibbon 96]. Electronic access to
information sources from the usar’s norma work place is the only feasble way to bring
EBM into everyday practice [Cochrane 99]. Having patient data and reference data
avalable together in the hospitd work place can provide the perfect work environment
and an effective tool for dl who can access it. The chalenge is for IT system developers
to provide usdble interfaces which afford an environment which endbles dlinicians and
other ward based daff to make effective use of such sysems. Work being done at the
Royd Halamshire Hospitd, a 700 bed acute hospitd in Sheffiddd UK, ams to provide a
sysem where dl the reference and patient data are available within a single user interface
- the web. Spedificdly, the work is invedtigating the application and evaduation of the
integration of Web based resources into the clinician's working environment within an
evolving Integrated Clinical Workstation (ICW) [NHS Centre 93].

Clinicd daff working in a wad environment need to continudly obtan or send
information in order to treat patients effectively. For example:
. Information is needed to assg in the dlinicd decison making process eg.
information about drug interactions, protocols of care etc;
Information needs to be tranamitted, e.g. when tests are ordered,;
Information needs to be provided and assmilated during the clinica learning process
of medicd gaff [Shortliffe 87].
For severd years, hospitas have been trying to acquire or develop in-house computer
sysdems  which manly hold patient data These sysems can asss medicd daff with
future investigations on patients and help in improving patient trestment delivery.
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2. THE INTEGRATED CLINICAL WORKSTATION AND THE WORK
ENVIRONMENT AT RHH

2.1 TheResultsReporting System (RRYS)

At the RHH the Results Reporting Sysem (RRS) is one of the systems containing patient
data which has been developed to run in the ward environment. It is widdly used and is
mainly designed to enable clinicd daff to send laboratory test requests and receive
laboratory test results. The process of obtaning results dats with the dinician
completing a request form on the hospitd ward, sending it with a blood sample to the
laboratories, and waiting for the result to come back to the ward after the sample has been
processed by the laboratory. The computerised RRS has considerably reduced the delays
for dlinicians accessing test results. The system holds important clinical data that can be
consulted a any time, day or night, by dlinicians. The RRS is a good example of a patient
based information system which dinicians use regulaly in the course of their work on
hospital wards.

Because they frequently have to ded with patients who are in more than one location,
clinicd gaff move from room to room and floor to floor around the hospitd. All the
wards in the RHH have a termind for the RRS system. Having crested a hospitd wide
network which provides clinica information to the various departments, it is important to
take the next step in the direction of creating a reference point for non-patient specific
information available to doctors on that same network.

2.2 Reference I nformation Sour ces

The source of reference information used by dinicians varies from  library books to
equipment manuas and other treatment references, such as naiond <andards (eg.
American Association of Anesthesa) and other locd dandards. Providing medica  Staff
with the opportunity to access large amounts of information quickly means that it can be
used for reference before treatment delivery or to incresse their knowledge in a particular
medica fidd. It would therefore seem to be very convenient for relevant data to be
avallable on ward terminds from within a sngle human-computer interface [Chen 82].

Nowadays, use of the Internet is increesng subgtantidly and has naturdly leed to a
growing interet amongst hedth professonds and, as a result, it is beginning to be widdy
used to support clinicd decison meking in the RHH. A large quantity of data can be
found online on the Inter/intranet. This data is condantly updated and contains
information about patients and their problems, agppropriate care procedures, including
their benefits and limitations, dl medicad and inditutional resources, and other ussful
data.



3. THE INTEGRATED CLINICAL WORKSTATION AND THE INTERNET

At the RHH the system presents information on a locd intranet, providing links of
interest for clinicians. These links are a careful sdection of Stes and other reference data
by speddties and different areas of work. Also, patient data is presented in a Web based
interface to the RRS sysem on the same intranet. This ams to provide the RHH
cinicians with dl the patient data and reference data necessary for an effective Integrated
Clinicd Workgation.

A caefully planned intranet seems ided for this job as it combines both interna and
externd information sources, providing patient data and adequate reference data together.
Usng the exiging network and terminds we have been able to research the dinicians
needs and provide them with an Integrated Clinicd Workstation (ICW) which is shaped
to their requirements. The system in use includes access to patient data, as well as access
to reference data, including the RHH internal protocols. Access to different journas and
medical databases has been increasng subgtantidly, with Medline rated as one of the
Clinicians favourites. Some textbooks are also available and Email iswiddly used.

3.1  Evaluation Of The Use Of The Integrated Clinical Work Station On Hospital
Wards

An exhaudtive evduation of the sysem described above was caried out with different
groups of dinicians. This included; observaion of use, completing questionnaires,
sructured interviews and a feedback form completed and collected online. All externd
links added to the provided system were evaluated by groups of senior members of dtaff
(normally consultants) and the evolution of the sysem has been based on the results
obtained from its eva uation.

Medica literature contains evidence that can be used to improve patient care, but only a
smdl portion of it describes solid advances in diagnoss, prevention, trestment or cause of
illness. In a typicd week a hedth professond will treat many patients with different
conditions and will need to make many decisons. There are many factors affecting those
decisons and each individua possesses higher own knowledge, experiences and vaues.
If there is evidence of a treatment proved to be better than another, then hedth
professonas need to be aware in order to support the medica decison making process.
The system in place contains a general section with access to its specific sub-areas mainly
organised by patient data and reference data. These sub-areas are essantidly a varied
sdection of medica specidties, which contain different types of reference data such as
hospital protocals, journals, textbooks or genera search sStes (by specidty). There is dso
a generd interest area, which accesses medical reference databases such as Medline. The
use of pre-reviewed dStes and medicd search engines has been particularly welcomed.
Recently, some of the departments have started to have EBM ward rounds based on the
provided system. We have sarted to extend use of the system to include other members
of daff such as pharmacists, nurses, technicians and other interested members of the dtaff
who we think would gain from its use.



4. Determining User Requirements
41  Method

Using the web to create a Sandardised interface is a potentialy attractive approach to
integrating reference materia with patient specific dinica details.
Key questionsto be asked are:
Can the Internet and the intranet together provide relevant, timey, and unique
information resources in the ward environment?
Wheat are the most important sources of information?
Do web browsers provide an appropriate basis for the interface required for
integrating these information sourcesin adlinica setting?

In order to address these questions, the opinions of hedthcare professonas working
within the RHH were sought. Methods used for this included observation of use, semi-
Sructured interviews, questionnaires and a feedback form avalable on the sysem. Of
these, the semi-dructured interview provided the bulk of the assessment and this was
based around an evdudion of the use of the dinicad IT sysems within the ward
environment. The RRS had been previoudy modified so that access to the internet was
provided from the same user interface. This was used in the semi-structured interviews to
evduate the use of internet technology for accessing reference information to support
clinicad decison meking and associated requirements. The interviews were supplemented
by use of a questionnaire which was used to identify the most commonly used sources of
reference information and to gather data about the users experience of the internet,
computer usage and awareness of information availability.

42  Results

Forty doctors from the medica daff a the RHH were approached to take part in the
evauation process. The group's professond experience varied; with amost equd
numbers of house officers, senior house officers, regidrars and specidist regisrars. All of
the 40 doctors fdt that an increased availability of reference materid on the ward would
improve their ability to deliver patient care. Ninety percent of those interviewed routindy
used the RRS.

Table 1. Value of information sourcesin theroutine treatment of patients.
Median of 5 point visual analogue scale.

Patient medica record file

Clinicd information from RRS

Clinicd advice from senior medica saff
Medical textbooks

Journds

Drugs reference sources

Protocolsfor care

Clinicd dudies

Internd audit reviews
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The dodors were asked to assess the importance of commonly used sources of both
reference and patient specific information usng a 5 point visud andogue scde. An
andyss of the results of their assessment is shown in Table 1. These show that an amost
equa importance was attached to all the sources identified. The doctors were aso asked
to identify the most commonly used sources of information used. Table 2 shows a total of
28 different quoted sources of information, ranked in order of citation. The results show
that the BNF, Medline, protocols of care and the Oxford Handbook of Medicine were by
far the most commonly used sources of information. All the doctors interviewed Stated
that they consulted colleagues when requiring further information whilst evaduating the
date of apatient or when planning their care.

4.3 Discussion

The andyss of the results from the semi-structured interviews provided the inputs to the
next iterdive cycde of the user centred desgn methodology. These showed that if
reference information was to be provided through workstations on the wards, then the
following must be provided:

A sdection of one or more textbooks in generdl use with rgpid access to searching

facilities based on subject

A link to an on-line BNF which could be quickly accessed

Paiient care and invedtigation protocols in a form which could be made patient

specific

Medline access with links so that the full journd articles could aso be accessed

Direct access to the mgjor medical journds, particularly the most recent editions

Part of the semi-structured interview evauaed the esse with which clinicd users could
access Web-based information. The results from this suggested that a Web browser
interface could be successfully used on the wards.

5. A PROTOTYPE CLINICAL WORKSTATION
51 Method

The results from identifying the user requirements formed the inputs to the design of a
prototype clinicad workgtatiion which was implemented and then evduated on the wards
a the RHH. A Web-enabled interface to the RRS was developed so that there was a
unified look and fed between the patient specific and reference data The top-leve
navigation screen for the workstation supported links to both the RRS and the most
important sources of reference data as identified in Table 2. The sysem udng the
interfaces shown in Figures 1 and 2 was implemented and deployed on the wards. Where
required, links to the Internet were achieved through a firewal to ensure confidentidity
of patient data.



Table 2: Information sour ces identified by usersranked by frequency of
citation

BNF (British National Formulary)

Medline (Database of medicd article citations)

Protocols of care

Oxford Handbook of Medicine

Online mgor journds (e.g. British Medical Journal)
BIDS (bibliographic service for the academic community)
Lancet (medicd journd)

Medical textbooks

Oxford Handbook for Acute Medicine

Specidist web Stes

Blood (Journd of the American Society of Haematology)
Cochrane database of systematic reviews

Atlasof diagnostic Sgns (pictorid)

Guiddlines for SHO/HO, (hospitals and departments)
E-mall

BMA (British Medical Association)

British Journal of Haematology

Guillian's haematology companion book

Haematology web sites

Harrison's Principles of Internet Medicine (Stone RM)
ACP Journa Club (American College of Physicians)
Details of gaff on cdl for different specidties
Chronologicd ligt of patient admissons and clinicd vists
Copy of the most recent discharge/summary clinic |etters ontline
Embase (biomedica and pharmacologica database)
Journal of the Society of Gastroentereology
Newsgroups

New England Journal of Medicine

RRS (Results Reporting System)

Clinicd discusson group malling list
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To smplify navigation of the information space, a two tier menu structure was used. The
top levd of the hierarchy was related to the medical specidty (Figure 3) and the second
level to the key information sources within that specidty (Figure 4). Links to specific
information sources (eg. specific journds) and links to other sources which identified
further information sources were included on the screens, examples of this type of source
ae the daabases Medline and Bids. The am of this sructuring was to provide a

amplified goproach to information finding.
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Fig. 1: An example screen from the web Fig. 2: Top leve screen for the prototype
enabled RRS system. workstation giving access to

patient and reference information.
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Fg. 3: Linksto reference information Fig. 4. Speciaty reference sources
organised by dinica specidty. avalable for Geriatrics - selected
from the screen shown in Fig. 3.

The prototype was then evduated. The sysem was implemented on a number of wards
and a questionnaire was used to dicit user satisfaction with the facilities provided.
Doctors were asked to complete the questionnaire within the context of a recent clinical
problem where they had needed to access reference materid. Sixteen senior medical staff
completed the questionnaires. Of the sixteen respondents, 1 was from genera surgery, 2
were from genera medicine, 4 from anaesthesa, 5 from ophthamology, 1 from clinica
neurophysology, 1 from the digbetic centre, 1 from infectious diseases and 1 from
neurology. Detals of the questions asked, dong with an andyss of the responses is
shown in Tables 3 and 4.



5.2 Discussion

The results from the questionnaire (Table 3) show that the mgority of respondents used
the Inter/intranet facilities provided through the prototype system as a source of reference
data The importance of reference information in the clinician's working routine can be
judged from the fact that 5 out of the 16 spent between 1 and 3 hours per search. The
origind requirements dicitation showed that reference information searching was a
ggnificant problem. The results of the quedionnare confirm this finding, dnce dl
respondents cited Medline as one of the facilities used in the prototype and the mgority
aso used one of the medica search engines.

Table 3: Information source usage identified by 16 senior doctors as part of the
evaluation of thefir st prototype workstation

Sources of data used (includes multiple choices):

Library 5

Inter/intranet sources 13

Personal reference books 5
Timeto find the required data:

1 hour or less 11

1-3 hours 5
Purposes of looking for reference data (includes multiple choices):

Confirm diagnosis 1

| dentify trestment options 6

Personad interest or research 12

Context of the search for reference data (includes multiple choices):
Clinica concern
Clinicd invedtigation
Research
Ward round
Postgraduate lecture
Basis of this search (includes multiple choices):
Diseases 10
Treatment
Specialty
Keywords
Drugs
Complications (drugs etc.)
Use of reference information from the prototype system (includes muiltiple choices):
Medicad search engines
Generd medica Stes
Specidty spedific links
Medline
Medica Journds
Electronic BNF
Other medical Sites
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We can conclude from this that any tools which can dgnificantly reduce the time spent
searching for reference informaion must improve working efficiency and, if EBM is to
play a dgnificant role in routine patient care, then efficdent search tools for finding
appropriate reference information must be developed. This view is further confirmed by
the mgority of respondents citing ‘persond interest or research’ as one of the purposes for
obtaining reference data, while ‘clinicd concern’ and/or 'dlinicd invedtigation' were the
most commonly cited contexts in which the search was performed.

These responses suggest that the use of reference data is currently part of an ongoing
continuous professond development activity rather than one which is integrated into the
clinicd decison-making process. Improving the search facilities must be a priority in the
next prototype. The user requirements identified the BNF drug reference as one of the
key sources of reference information. However, only 7 out of the 16 used the on-line
verson provided in the prototype sysem. In view of the importance of the BNF in
clinical decison making, this finding requires further investigation.

The questionnaire not only amed a identifying what facilities from the prototype system
were used, but dso a subjectively evaduating its vaue and acceptance. The mgority of
the respondents (11/16) used the prototype system as a source of reference information.
One problem with Inter/intranet resources is that it is possble to make a large quantity of
information avalable but that in doing o0, finding specific information becomes very
difficdt. The mgority of respondents felt that the quantity of data provided through the
prototype was appropriate to their needs (14/16). Perhaps more importantly, the magority
of respondents (13/16) fet that the qudity of the data was satifactory. This is
paticularly important if the information retrieved is to be used for dinicad decison
making.

The tools provided for searching the Internet for specific information were generdly
found to be satisfactory (11/16). However, the questionnaire identified more generd
problems of accessing information through the system, since only 9 out of the 16 were
satisfied with the tools provided. Of the remaning 7 respondents, 3 made no reply,
identified in the andyss with a 'no' response. The remaning 12 responses were
patitioned according to whether they had familiarity with the RRS. Nine routindy used
the RRS and of these, 7 expressed satidfaction in the way the reference information was
accesed through the prototype system. This suggests that familiarity of use may play an
important factor in acceptance.



Table 4: Results of the evaluation of the first prototype clinical workstation
by 16 senior doctors
Evauation of information on ward-based system (‘yes replies):
The information provided was useful 11
The quantity of data provided was.
Too little 2
Enough 14
Too much 0
The qudity of data provided was.
Adeguate 13
Not adequate 2
Evauation of navigation strategy ('yes replies):
Was the information on the Internet easy to search and find? 13
Was the information accessed through the system easy to search and find? 9
Wasit easy to find specific information once an Inter/intranet Site was sdected? 14
Once found, was the information in aformat that was easy to use? 15
Did the information retrieved fulfil expectations? 13
Was the information found appropriate to the problem identified? 13
Should the dinica links be expanded? 15
Do you prefer searching for data on computers rather than in books/libraries? 15
Compare gathering data on the prototype with traditional methods ('yes replies):
The prototype system is better 14
The prototype system is more effective 14
The prototype system is quicker 14

54 Concdlusons

In this paper we have described the first two cycles of an iterative prototype development
of a dinicd workgation that ams to integrate patient and reference information to
support dinical decison making within the framework of evidence based medicine. The
fira cycle identified the user requirements whilst the second congtructed and evaluated a
prototype within the clinicd environment. Evaudion of the prototype sysem showed
that the mgority of doctors who took part were satisfied with both the quantity and the
quaity of the information provided through the prototype sysem. They judged it to be a
better, more effective and quicker method of accessing reference data.

One key finding in the user reguirements was the vdue of inter-professond
communication in evauding different thergpeutic and invedtigation regimes. Whilst not
pat of the current project, it is clear tha future developments will have to include
facilities for collaborative working among hedthcare professonds. A smple way of
achieving this would be initidly through the use of internd newsgroups, dlowing a more
detailed set of user requirements for the functiondity to be determined.

The need for an effective method of searching for reference materid was clearly
identified in the user requirements. However, this need was not completdly satisfied by
the prototype system. If the workdtation is to actively support dlinica decison making




within an EBM framework, then reference data must be directly accessed from some
foom of automaticdly generated hypertext link. The results of the evauation of the
prototype clinical workstation suggest that a keyword search based on diseases and
treatments would be a high priority for the next prototype. Single terms could be used to
access locally defined protocols of care [Roberts 97]. However, an approach usng
complex combinaions of terms with automatic contextual reasoning would be required
for searching large information resources such as Medline if a amdl number of highly
relevant information sources were to be identified.

The BNF drug reference was identified in the user requirement as one of the key sources
of reference materid for clinica decison making. However, less than haf the doctors
who took pat in the evauation used it. This surprisng result requires further
invedtigetion. One posshility is that the information is often required as pat of the
process of prescribing a drug. Since the drug prescription cards are currently paper
records, it could be that the information neads to be avalable in the same physca
location as the drugs records are stored. A partid task andyss could be vauable in
invedtigating this finding further.

When usng Internet sources to support dinical decison making it is essentid that due
regaed is taken of the qudity of the information provided. There is no automatic
requirement for peer review as with the qudity medicd journds Within this study,
explicit navigation paths were only provided to ‘gpproved medica dtes where the
information provided had been peer reviewed. There is, however, nothing to stop users
accessng any maerid on the Internet. A logicd extenson of integrating EBM into
clinicd decison making is that the sources used to support a particular decison ought to
be referenced as part of the patient record. Clearly, this will not occur unless reference
data is integrated with an dectronic patient record. If this integration were provided, then
it would offer the potentid for rapidly producing a large volume of reference materid
based on dlinicd experience. The materid could be sysemaicdly reviewed in a smilar
manner to tha used in the Cochrane Collaboration and then rapidly disseminated. This
would make dinica decison making within an EBM framework more viable snce the
focus for reference information would shift from academic studiesto clinica practice.
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