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Abstract

Information and communication technologies (ICT) are contributing to major changes taking place
in pathology and within health services more generally. In this article, we draw on our research
experience for over 7 years investigating the implementation and diffusion of computerized provider
order entry (CPOE) systems to articulate some of the key informatics challenges confronting pathology
laboratories.The implementation of these systems, with their improved information management and
decision support structures, provides the potential for enhancing the role that pathology services play
in patient care pathways. Beyond eliminating legibility problems, CPOE systems can also contribute
to the efficiency and safety of healthcare, reducing the duplication of test orders and diminishing the
risk of misidentification of patient samples and orders. However, despite the enthusiasm for CPOE
systems, their diffusion across healthcare settings remains variable and is often beset by implementation
problems. Information systems like CPOE may have the ability to integrate work, departments and
organizations, but unfortunately, health professionals, departments and organizations do not always
want to be integrated in ways that information systems allow.A persistent theme that emerges from
the research evidence is that one size does not fit all,and system success or otherwise is reliant on the
conditions and circumstances in which they are located.These conditions and circumstances are part
of what is negotiated in the complex, messy and challenging area of ICT implementation.The solution
is not likely to be simple and easy, but current evidence suggests that a combination of concerted
efforts, better research designs, more sophisticated theories and hypotheses as well as more skilled,
multidisciplinary research teams, tackling this area of study will bring substantial benefits,improving the
effectiveness of pathology services,and, as a direct corollary, the quality of patient care.
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INTRODUCTION and  communication  technologies  (ICT).  The

information-intense nature of pathology has made ICT an
Pathology laboratories have traditionally been considered — indispensable part of the way the pathology laboratories
to be on the leading edge of development in information  function.!! In the past, computers and computerized
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information tended to be narrowly construed within the
clinical setting or department in which they resided.
This was probably a reflection of the functionally
limited (by today’s standards) and specialized nature
of past generations of computer systems.?) In today’s
environment, the capacity of ICT systems has increased
markedly and there is an emphasis on networked
clinical information systems. Healthcare services have
become more specialized and hence fragmented, but
the quality and safety literature continues to remind
us of the importance of coordinated team-based care.
Inter-connected information systems which provide
greater access to a wide range of information to a broad
number of healthcare providers are thus imperative.
Computerized provider order entry (CPOL) systems are
a good example of these types of systems. CPOE systems
allow clinicians to place orders directly using computers
and are associated with immediate improvements in the
legibility and completeness of clinical orders.’) They
can also incorporate other systems including laboratory
and imaging Investigation, medication management
and clinical documentation systems, which means that
they are able to link departments across the hospital
and beyond, allowing greater information access and
enhanced levels of communication.™

Pathology 1s aphoristically described as the “hidden
science that saves lives,” dutifully working behind
the scenes to make its critical but often overlooked
contribution to the provision of patient care.! But in the
last decade or so, the emphasis of many leading pathology
commentators has been to stress the opportunity
that ICT offers to move away from an ancillary role
toward a more pro-active role in the improvement of
patient care and outcomes.!*”) This is a point strongly
emphasized by the Carter Review of the NIHS Pathology
Services in England in 2008, which noted that given the
significant role pathology plays in the diagnosis, choice
of treatment and efficacy of treatment, we should start
to evaluate pathology for its contribution as part of a
multidisciplinary undertaking, providing complex inter-
related care to patients.’

ICT is a contributing factor to a number of major changes
taking place in pathology and within health services
more generally. In this article, we draw on our research
experience over 7 years investigating the implementation
and diffusion of CPOE systems to articulate some of
the key informatics challenges confronting pathology
laboratories.

THE CHALLENGE TO PROVIDE GENERAL-
IZABLE AND TRANSFERABLE EVIDENCE

The implementation of CPOE systems, with their
improved information management and decision support
structures, provides the potential for enhancing the role

http://www.jpathinformatics.org/content/1/1/11

that pathology services play in the patient care pathway.
Ol Beyond eliminating legibility problems, CPOE
systems can contribute to the efficiency and safety of
healthcare by reducing the duplication of test orders and
diminishing the possibility of misidentification of patient
samples and orders.'” The incorporation of sophisticated
decision support features means that CPOE can also help
clinicians make evidence-based decisions, thus enhancing
the “end-to-end connectivity” which links the pathology
laboratory’s provision of test results with clinical decision
making and their contribution to improved patient care.

For all the enthusiasm and planning that has gone into
the introduction of ICT systems like CPOE and the
optimism about the contribution they could add to
making healthcare safer, cheaper and better,'"! their
diffusion across healthcare settings remains variable and
is often beset by implementation problems.!"?! There has
been a lack of generalizable evidence needed to help
healthcare organizations decide on what type of systems
and implementation methods will work, where and in
what circumstances.!’]

When we first began investigating the impact that the
CPOE systems have on pathology services, we found that
research involving pathology services was uncommon. !
There was a normative and relatively unchallenged idea
that CPOE systems had the capacity to improve the
management of medication and significantly decrease the
number of adverse medication events. Some of the key
rescarch in the area often involved studies from the 1980s
and early 1990s, usually involving “home-grown” systems
developed by clinical and management ICT champions
and pioneers of the time.l'"! By the early 2000s, the
situation had changed dramatically and commercially
developed “off the shelf” systems were fast becoming the
norm.

Pathology services need evidence that can help them to
enhance the implementation and sustainability of CPOE
systems while maximizing their benefits and contribution
to safe and quality patient care." Questions requiring
answers include whether or not and the extent to
which CPOE systems decrease the time taken to order,
collect and process tests (i.e. turnaround times);"
reduce the volumes of tests deemed to be redundant or
inappropriate;!"™'% and improve the quality of pathology
services used to ensure that the right processes are being
carried out and are meeting the relevant standards.!”)
This is particularly relevant for monitoring the effect of
electronic decision support and its potential to promote
the practice of evidence-based care.!"”

Research in this field is now active, and has provided
evidence of the impact of CPOE on decreasing
pathology turnaround times and improving the quality
of information exchange between the laboratory and
the ward.!"”?! For instance, a 2009 study that examined
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the effect of CPOE on turnaround times across four
Australian hospitals showed that median times decreased
significantly across all hospitals by percentages ranging
from 9% in the smaller of the hospitals, to 23% in the
larger hospitals.??l Other studies have taken these
findings further to demonstrate the positive contribution
that shorter turnaround times can have on the length of
stay of the patient in emergency care settings.?>*!

Evidence for the ability of decision support systems
to improve clinical performance and patient outcomes
is limited.””) There are many reasons for this. Decision
support systems can be difficult to implement and
sustain. Gaining agreement about standards (c.g.
commonly agreed laboratory order sets or diagnostic
algorithms relevant for specified patient conditions)
21 to incorporate into decision support rules is difficult
and processes to achieve this efficiently and safely are
underdeveloped. Clinical resistance to electronic ordering
systems and decision support prompts and alerts”’! may
be related to problems with usability, incompatibility
with existing systems and ways of performing clinical and
laboratory work.!

It may well be that the enormous enthusiasm for
decision support systems has given rise to some distorted,
and perhaps overly optimistic, expectations. A report by
the US Agency for Healthcare Rescarch and Quality in
2009 suggested that progress is more likely to occur when
we stop viewing decision support as a substitute for the
clinician and start to understand it more as a complex
Intervention requiring attention of its benefits, challenges
and limitations.” This is reminiscent of a message that
featured in the report for the UK’s NHS Connecting for
Health Evaluation Programme in 2008 which concluded
that instead of a definitive answer about whether
decision support works or not, the focus should be on
obtaining a better appreciation of the situations and
contexts where it may prove effective. Both the UK
and the US reports highlight what we consider to be a
key imperative of pathology informatics researchers —
the need to develop, constantly refine and use robust
evidence-based performance measures as a means of
encouraging explicitness and clarity about what is being
achieved and the desired outcome.®” Scientific rescarch
designs, performance indicators, rigorous definitions
and data validity and reliability are important not only
in clinical research, but also in informatics and health
services research.

THE ROLE OF COMPUTERIZED PROVIDER
ORDER ENTRY INWORK PRACTICE
INNOVATION

The other noticeable feature about research in this area
is the lack of attention paid to the effect that CPOE has

http://www.jpathinformatics.org/content/1/1/11

had and is predicted to have on the organization and
work functions of pathology laboratories.'” All too often
there is a failure to appreciate that pathology services
consist of multifaceted organizational structures with
their own formalized rules, conventions and cultural ways
of working that have developed and evolved over time.
Bl Existing research has not sufficiently distinguished
between the various departments that make up pathology
services and the effect of CPOE on them.

When CPOE systems are introduced, they often come
with a corresponding set of complex, wicked problems and
challenges.’” One of the underlying problems identified
with CPOE systems is that the order process is conceived
in a linear way. Clinicians initiate orders which are then
processed by nurses, pharmacists, pathology departments,
ete.’? In reality, the ordering process involves an array of
collaborative interactions across many professions; it is a
complex adaptive system. The source of clinical decisions
may come from diverse influences and sources.’!
This collaborative effort is
numerous processes which underpin  communication
and information exchange.® The potential discrepancy
therefore between the way CPOE conceptualizes the
ordering process and the way it is carried out within
hospitals has prompted some prominent informatics
researchers to warn that hospitals need to be prepared
to expect the unexpected.®*¥! The task is to find new
research models, including attending to sociological
and psychological theories to account for the systems
dynamics, and conducting, for example, multi-method,
triangulated research, and simulation modeling. The goal
should be to provide fresh perspectives in understanding

CPOE and its effects.

in turn reliant on the

Our own research findings have often noted the potential
for dramatic shifts in responsibilities, procedures and
even work practices after CPOE systems are introduced.
In some cases, these have led to “workarounds” which
occur when the system does not allow you to do what
was previously done in the same way.?®! This was also
highlighted by a 2007 study of an emerging clectronic
laboratory order system in Holland which identified a
number of usability problems leading to inefficient order
behavior, omissions and order errors.®!

Processes of planning and implementation of CPOE
systems need to take into account how the technology
will both affect and be affected by the organization in
which it is being installed.’ The formalization of data
in ICT systems like CPOE may also create ambiguity
and uncertainty™ because it can dramatically change
the information environment in which people work.*!)
Data are always produced with a particular purpose, and
their specificity and flexibility is likewise customized to
suit that purpose.*”! For pathology services, the transfer
of timely, complete and reliable information across the
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interface that connects the inpatient setting and the
laboratory is a critical component of the pathology test
process. This is because a clinical note supplied by a
physician to the laboratory can trigger different courses of
action ranging from the way a test is processed through
to the way it is interpreted. The design of CPOE systems
and the way they solicit and exchange data are critical
considerations that require collaborative input from both
sides of the inpatient setting and laboratory interface.*!

What remains is a final and recurring research theme
which aptly sums up the key message of this article. One
of the substantial benefits of information systems is their
ability to integrate work, departments and organizations.
But unfortunately, health professionals, departments and
organizations do not always want to be integrated in the
way that information systems allow. [t may secem a truism,
but a persistent theme that emerges from our research
is that one size does not fit all. This finding applies not
only to the areas of research where we have utilized key
performance indicators to systematically quantify the
effect these systems have on efficiency, effectiveness and
quality of healthcare,®! but also to the qualitative
studies investigating the usability of these systems and
their impact on work processes.[?5*#1 CPOE systems are
constructed with the purpose of giving people the means
to make them work. It may well be that people decide
not to make them work. Their usefulness is therefore
reliant on the conditions and circumstances in which they
are placed. It is these conditions and circumstances that
are part of what gets negotiated in the complex, messy
and very challenging area of ICT implementation. The
solution to this challenge is not likely to be simple and
easy, but current evidence suggests that the combination
of concerted efforts, better research designs, more
sophisticated theories and hypotheses as well as more
skilled, multidisciplinary research teams tackling this
vital area of study will lead to enormous and beneficial
contributions to the quality of pathology services, and, as
a direct corollary, the quality of patient care.

ACKNOWLEDGMENTS

The authors acknowledge funding received from the Australian
Research Council Linkage Grant (LP098144) in partnership
with the Sydney South West Area Health Service and the
Commonwealth Department of Health and Ageing Quality Use
of Pathology Program.

REFERENCES

I. Connelly DP, Aller R. Outcomes and informatics. Arch Pathol Lab Med
1997;121:1176-82.

2. Haux R.Health information systems - past, present, future. Int | Med Inform
2006;75:268-81.

3. GeorgiouAWestbrook J. Computerised order entry systems and pathology
services - a synthesis of the evidence. Clin Biochem Rev 2006;27:79-87.

20.

21.

22.

23.

24.

25.

http://www.jpathinformatics.org/content/1/1/11

Handler JA, Adams ]G, Feied CF, Gillam M, Vozenilek ], Barthell EN, et al.
Emergency medicine information technology consensus conference: Executive
summary.Acad Emerg Med 2004;11:1112-3.

The Royal College of Pathologists. Pathology: The hidden Science that saves
lives. Available from: http://www.rcpath.org/index.asp?PagelD=603 [last
accessed on 2008 Nov 7].

Friedman BA. Ensuring a role as a "’bit” player in laboratory medicine.Am |
Clin Pathol 1996;105:S1-2.

Plebani M. Charting the course of medical laboratories in a changing
environment. Clin Chim Acta 2002;319:87-100.

Independent Review of NHS Pathology Services in England. Report of the
second phase of the the Review of NHS Pathology Services in England.
Available from: http://www.dh.gov.uk/en/Healthcare/Pathology/DH_07553 |
[last accessed on 2009 Sep 29].

Mekhjian HS, Kumar RR, Kuehn L, Bentley TD, Teater P, Thomas A, et al.
Immediate benefits realized following implementation of physician order
entry at an academic medical center.] Am Med Inform Assoc 2002;9:529-39.
Georgiou A,Williamson M,Westbrook J, Ray S.The impact of Computerised
physician order entry systems on pathology services: A systematic review
Int ] Med Inform 2007;76:514-29.

World Health Organization. Building Foundations for eHealth: Progress of
Member States 2006. Available from: http://www.who.int/goe/publications/
bf_FINAL.pdf [last accessed on 2009 Nov 17].

GreenhalghT, Potts H,Wong G, Bark P, Swinglehurst D.Tensions and paradoxes
in electronic patient record research: A systematic literature review using
the meta-narrative method. Milbank Q 2009;87:729-88.

Shekelle P, Morton S, Keeler E. Costs and Benefits of Health Information
Technology, Evidence Report/Technology Assessment No. 132 AHRQ
Publication No. 06-E006 (April 2006). Rockville MD:Agency for Healthcare
Research and Quality, 2006.

Talmon J,Ammenwerth E,Brender J,de Keizer N, Nykanen P,Rigby M.STARE-
HI--Statement on reporting of evaluation studies in Health Informatics. Int
] Med Inform 2009;78:1-9.

Bates D, Kuperman G, Rittenberg M, Teich M, Fiskio ], Ma’luf N, et al. A
randomized trial of a computer-based intervention to reduce utilization of
redundant laboratory tests.Am | Med 1999;106:144-50.

Neilson EG, Johnson KB, Rosenbloom ST, Dupont WD, Talbert D, Giuse DA,
et al. The impact of peer management on test-ordering behavior.Ann Intern
Med 2004;141:196-204.

Horvath A. Monitoring levothyroxine replacement in primary hypothyroidism.
In: Glasziou PAronson J, Irwig L, editors. Evidence-based medical monitoring
from principles to practice. London: BMJ; 2008. p. 254-85.

National Electronic Decision Support Taskforce. Electronic Decision Support
for Australia’s Health Sector. Canberra: Commonwealth of Australia, 2003.
Westbrook ], Georgiou A, Dimos A, Germanos T. Computerised pathology
test order entry reduces laboratory turnaround times and influences tests
ordered by hospital clinicians: A controlled before and after study. ] Clin
Pathol 2006;59:533-6.

Westbrook JI, Georgiou A, Rob Ml.Test turnaround times and mortality rates
12 and 24 months after the introduction of a computerised provider order
entry system. Methods Inf Med 2009;48:211-5.

Thompson W, Dodek P, Norena M, Dodek J. Computerized physician order
entry of diagnostic tests in an intensive care unit is associated with improved
timeliness of service. Crit Care Med 2004;32:1306-9.
Westbrook ]I, Georgiou A, Lam M. Does computerised provider order entry
reduce test turnaround times? A before-and-after study at Four Hospitals.
In: Adlassnig KP, Blobel B, Mantas |, Masic |, editors. Medical Informatics in
a United and Healthy Europe: Proceedings of MIE 2009. Amsterdam: |OS
Press; 2009:527-31.

Holland LL, Smith LL, Blick KE.Reducing laboratory turnaround time outliers
can reduce emergency department patient length of stay:An | | -hospital study.
Am ] Clin Pathol 2005;124:672-4.

Storrow AB, Zhou C, Gaddis G, Han JH, Miller K, Klubert D, et al. Decreasing
lab turnaround time improves emergency department throughput and
decreases emergency medical services diversion: A simulation model. Acad
Emerg Med 2008;15:1130-5.

Car J, Black A, Anandan C, Cresswell K, Pagliari C, McKinstry B, et al. The
Impact of eHealth on the quality and safety of healthcare. A Systemic
Overview and Synthesis of the Literature. London: Imperial College London



J Pathol Inform 2010, 1:11

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

and The University of Edinburgh; 2008.

Bobb AM, Payne TH, Gross PA.Viewpoint: Controversies surrounding use
of order sets for clinical decision support in computerized provider order
entry. ] Am Med Inform Assoc 2007;14:41-7.

Garg AX, Adhikari NK, McDonald H, Rosas-Arellano MP, Devereaux PJ,
Beyene J, et al. Effects of computerized clinical decision support systems on
practitioner performance and patient outcomes:A systematic review. JAMA
2005;293:1223-38.

Georgiou A, Westbrook |, Braithwaite ], ledema R, Ray S, Forsyth R, et al.
When requests become orders - A formative investigation into the impact
of a computerized physician order entry system on a pathology laboratory
service. Int ] Med Inform 2007;76:583-91.

Berner E. Clinical decision support systems: State of the Art. Rockville,
Maryland: Agency for Healthcare Research and Quality, AHRQ Publication
No. 09-0069-EF; 2009.

NHS Institute for Innovation and Improvement.The Good Indicators Guide:
Understanding how to use and choose indicators.Available from: http://www.
institute.nhs.uk [last accessed on 2008 Mar 31].

Davidson EJ, Chismar WG. Planning and managing computerized order
entry:A case study of [T-enabled organizational transformation.Top Health
Inf Manage 1999;19:47-61.

Westbrook ]I, Braithwaite |, Georgiou A, Ampt A, Creswick N, Coiera E, et
al. Multimethod evaluation of information and communication technologies
in health in the context of wicked problems and sociotechnical theory.] Am
Med Inform Assoc 2007;14:746-55.

Cheng CH, Goldstein MK, Geller E, Levitt RE.The effects of CPOE on ICU
workflow:An observational study. AMIA Annu Symp Proc 2003:150-4.
Gorman PN, Lavelle MB, Ash |S. Order creation and communication in
healthcare. Methods Inf Med 2003;42:376-84.

O'Reilly C, Pondy L. Organizational Communication. In: Kerr S, editor.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

http://www.jpathinformatics.org/content/1/1/11

Organizational Behavior. Columbus, Ohio: Grid Publishing Inc; 1979.p. 1 19-50.
Dykstra R. Computerized physician order entry and communication:
Reciprocal impacts. Proc AMIA Symp 2002:230-4.

Ash |S, Sittig DF, Seshaddri V, Dykstra RH, Carpenter |D, Stavri PZ. Adding
insight: A qualitative cross-site study of Physician order entry. Int ] Med
Inform 2005;74:623-8.

Peute LWV, Jaspers MW.The significance of a usability evaluation of an emerging
laboratory order entry system. Int ] Med Inform 2007,76:157-68.

Wears RL, Berg M. Computer technology and clinical work: Still waiting for
Godot. JAMA 2005;293:1261-3.

Davidson EJ, Chismar W. Examining the organizational implications of IT
use in hospital-based health care: a case study of Computerized Order
Entry. Proceedings of the 32nd Hawaii International Conference on System
Sciences. Hawaii, USA, 1999.

Weir CR, Nebeker JJ,Hicken BL, Campo R, Drews F, Lebar B.A cognitive task
analysis of information management strategies in a computerized provider
order entry environment. ] Am Med Inform Assoc 2007;14:65-75.

Berg M, Goorman E.The contextual nature of medical information. Int ] Med
Inform 1999;56:51-60.

Becich MJ, Gilbertson JR, Gupta D, Patel A, Grzybicki DM, Raab SS. Pathology
and patient safety:The critical role of pathology informatics in error reduction
and quality initiatives. Clin Lab Med 2004;24:913-43.

GeorgiouA, Lang S,Alvaro FEWhittaker G,Westbrook JI, Callen J. Pathology’s
front line - a comparison of the experiences of electronic ordering in the
clinical chemistry and Haematology departments.Stud Health Technol Inform
2007;130:121-32.

Georgiou A, Greenfield T, Callen J, Westbrook ]I. Safety and efficiency
considerations for the introduction of electronic ordering in a blood bank
Arch Pathol Lab Med 2009;133:933-7.



