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Abstract

Best Practice Guidelines (BPGs) represent a promising way to improve nursing care by reducing the time lag between
research findings and subsequent changes in healthcare practices. Translating the currently paper-based BPGs into a portable,
computer-based format is seen as an important step towards the widespread use of BPGs in nursing practice. In implementing
the asthma BPG onto a PDA, we have discovered that the concept of an “agorithm” is distinctly different for nurses and for
computer programmers. Our on-going development of the computer-based BPG is influenced by these insights into the
dynamic and iterative process of nursing care.

1. Introduction

A commonly cited discrepancy exists between research on effective clinical nursing practice and the direct patient care
provided by nurses[1-3]. The lag between dissemination of research findings and subsequent changes in healthcare practices
has been suggested to be as long as 17 years, attributed in part to the lack of tools to promote the rapid adoption of best
practices [4-6]. This paper describes an innovative project undertaken to support knowledge translation into clinical nursing
practice through the development of handheld technology that will support nurses in making decisions based on the best
available evidence.

Nurses are the largest group of point-of-care decision-makers in the healthcare system, and they are required to make clinical
decisions that may have life and death consequences and provide clients with information about treatment options "in the
moment". To ensure that these decisions are reflective of current, research-based standards of care, thereis a general
movement toward incorporating evidence based practice (EBP) in nursing. EBP has been introduced successfully into
mainstream medical practice, but barriers to widespread adoption in nursing practice remain [7-9]. The extent to which a
nursein clinical practice is able to locate the best research evidence, evaluate the findings, and then create a plan of action
based on these findings is highly suspect [9]. While the systematic process of research review and critique inherent in the
development of clinical practice guidelines or consensus guidelines would seem a good fit for nursing, adoption has proven
to be challenging.

2. Supporting Nursing Clinical Decision Making with Best Practice Guidelines

Clinical decision-making isan essential nursing skill that requires clinicians to think quickly and do so in ways that will
foster optimal and safe client care. The recent focus on creating best practice guidelines (BPGs) holds the potential to
advance nursing practice by enabling nursesto access the best evidence related to a given clinical situation. The Nursing Best
Practice Guidelines Program initiated by the Registered Nurses Association of Ontario (RNAQO) in 1999 bridges the gap
between research and practice through the development of nursing practice guidelines that reflect sound evidence from
multiple sources. BPGs are “ systematically developed statements based on best available evidence to assist nurses, other
health care providers, and patients to make decisions about patient care” [10, p91]. Each guideline is based on areview of the
literature related to a specific clinical focus in nursing, often drawing in particular upon findings from systematic reviews and
meta-analyses. Defined criteriaform the basis for critical appraisal of research findings. When research evidence is not

Copyright © by ITCH 2007



available, expert opinion and consensus may be sought to develop recommendations. Qualitative research findings and
patient experience are considered valuable sources of information in addition to traditional quantitative research findings.

BPGs are decision-making aids devel oped to support safe, competent, and ethical nursing practice and to reduce nurses’ sole
reliance on tradition or experience, while introducing new knowledge into clinical practice settings. BPGs support clinical
decision-making within the context of client preferences, contextual factors, and the feasibility of implementing
recommendations. However, BPGs (which may consist of more than 100 recommendations) are developed as paper-based
protocols. In a paper-based format, there is the potential for limitations in the amount of data that may reasonably be included
if thetool isto serve as adecision-making aid at the point of care, possibly resulting in gaps requiring users to revert back to
familiar processes [11]. Including large numbers of recommendations increases the challenges associated with easily
accessing relevant materials in the moment. Ultimately, barriers exist to the use of paper-based guidelines as a means of
knowledge trandlation. Despite the promise they initially held for decreasing the research to practice gap, when BPGs are
presented solely in a paper-based format, users may continue to experience challenges to implementation in the moment and
at the point of care.

This pilot project implements a process in which a clinical algorithm based on the RNAO BPG Promoting Control of Asthma
[12] is being developed and tested for use on a PDA. Trandating the BPG into aformat suitable for use in direct practice
situations and accessible via handheld computer technology holds the potential to shorten the research-to-practice lag, assist
with record keeping and patient care tracking, and enhance nursing clinical decision-making in the moment. Such an
innovation, therefore, can be expected to improve patient care while supporting the full scope of nursing practice, thereby
enhancing independent nursing practice, and improving patient outcomes.

3. Implementing BPGs as Algorithms

Thereis alarge difference between the concept of an “algorithm” for nurses and for computer programmers. Algorithms are
conceptually more “linear” in computer programs — there is a start point, an end point, and a series of tasks that are performed
in a specific order in between. Within nursing, there are certain components of an assessment process that on the surface
imply this linearity. However, that interpretation would be overly simplistic, failing to recognize the inherent nursing
knowledge and creativity involved in all areas of practice, from clinical assessment to partnering with clients, shared
decision-making, and implementation and subsequent evaluation of client-centred care. It also fails to recognize essential
professional accountabilities embedded in nursing practice.

If, for example, one considers the Promoting Control of Asthma BPG [12], all adult patients should be assessed for asthma. If
a patient reports that s/he coughs, wheezes, or has chest tightness more than three times per week, then gheisindicating
signs of possible uncontrolled asthma and further assessment is required. This part of the BPG looks like a standard “if —
then” programming structure, and it has been implemented as shown in Figure 1a.

The BPG component shown in Figure 1ais implemented with the following logic —if any of the four checkboxes are
selected, go to the “assess uncontrolled asthma” page when the OK button is pressed.

Diagnostically and logically, thisisfine...but ethically and legally it is not. From a programming point of view, if an end-
user understands the logic of the algorithm and is interested in making a quick assessment, then s’he might press“OK” after
observing the first symptom — there is no change in the diagnosis for a patient who has just one symptom versus a patient
who has al four of the listed symptoms.

However, if the algorithm records the remaining three symptoms as “ symptom not present” rather than “assessment for
symptom not performed”, then this algorithmic implementation of the BPG will not have kept an accurate record of the user’s
actions (i.e., assessments made). The resulting inaccuracies would create alegal hazard for any nurse as an end-user since
there cannot be room for “assumptions’ of action or assessments. More importantly, the inaccuracies also create the potential
for erroneous recording of information in a patient health record (i.e., “patient not assessed for symptom” does not in any
way equate with “patient assessed, symptom not present”). Failure to ensure that an accurate record of assessments/findings
is recorded would violate the fundamental standards of nursing practice, regardless of whether these assessments/findings
have an effect on clinical decisions, patient care, or the subsequent screen that will appear on a computerized clinical tool.

The difference between Figure 1a and Figure 1b represents the difference between an operationalization of anursing
algorithm using programming logic but in the absence of the professional context of the end-user and the operationalization
of anursing algorithm in the context of the unique knowledge of the profession, aswell aslegal and ethical requirements for
practice that nurses as end-users must meet. To create an accurate record with the first implementation (Figure 1a), the nurse
would have to record her actions separately, and redundantly, on paper. This duplication of effort would make the PDA
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implementation unviable in hospital practice. A redevelopment of the BPG program to implement “yes/no/assessment
deferred” has instead been implemented to support all possible options in the situation. (See Figure 1b.)

Figure 1 — Screen shots of the “ assess asthma control” page on the PDA. On the left (Figure 1a), the
guestions are answered as “yes’ (when checked) and “no” (when unchecked). On the right (Figure 1b),
the questions are answered as one of “yes’, “no”, or “deferred”.
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— symptoms? [look-up] [cough, wheeze, chest tightness, SOB]
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With the ability to defer an item comes the necessity to be able to revisit that item. Unlike the more linear algorithmsin
computer programming, “algorithms’ in nursing are implicitly more dynamic and flexible because they are essentially
embedded in a practice that requires knowledge, skill, and judgment beyond that contained within the algorithm and because
nurses partner with patients to mutually construct client-centred care that takes into account the need for flexibility and
respect for patient preferences. Ultimately, from a programming perspective, each task in a BPG is more likely to require a
“loop” rather than a*“sequence”.

Consider, for example, the patient education component of the asthma BPG related to medication administration devices and
techniques (see Figure 2). The apparent logic for this BPG component is to select one device, provide education as indicated,
and continue. However, thereis an implicit possibility that a patient could require more than one type of medication
administration device, so the program will have to loop back to the device selection menu until the nurse has been able to
assess patient knowledge and provide appropriate education with respect to all of the required devices.

Figure 2 — Part 4.2 of the RNAO BPG Promoting Control of Asthma [12] covers
atient training of medical devices.

4.2 All asthma clients should have their inhaler/device technique
assessed by the nurse to ensure accurate use. Clients with
sub-optimal technique will be coached in proper
inhaler/device use.

These are just two examples where the linearity in the BPG “algorithm” that was assumed for the program development did
not exist. Unlike a fully automated algorithm that can lead anyone through the process (e.g. eHealth and self-diagnostic
tools), a BPG behaves more like a series of cues, suggestions, and reminders that help an experienced nurse to leverage both
her accumulated experience and new research findings. The process of using a BPG is much more iterative — thereis a
sequence of steps, but these steps can be exited from and re-entered into at any time.
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4. Supporting Resour ces for Nurse Education

To make the programming tractable, a certain amount of linearity has been imposed upon the computer-based
implementation of the BPG. The constraints involved with following this more linear process may be unnatural to nurses who
have had more experience with the dynamic needs of patient-centred care. In addition to any technical training that nurses
may potentially require to become familiarized with the computer/PDA interface, nurses may also benefit from support to
learn the underlying processes of the computer-based BPG algorithm.

To develop an on-line module for nurse training, the Java-based implementation of the BPG on the PDA has been exploited.
The programmed BPG can be converted quite easily into an applet, and this applet has been embedded into alearning object
[13] (see Figure 3). The three additional pieces of the learning object are synchronized to the applet — whenever the BPG
screen changes (e.g. when the nurse presses the OK button), the three side windows will update as well to contain material
that is relevant to the new screen.

Figure 3 — Screen shot of the on-line learning object. The learning object has the BPG applet in the upper
left, case studies for diagnostic practice in the upper right, a“help” page in the lower left, and an overview
of the BPG in the lower right.

=
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|screen #1] Case Study 1
(1] Assess asthma contral Evelyn Jamas is a 36-year-0ld female, presenting 1o e ER with a history of swelling

o her right ankla after falling off a dock two days ago. She has compleis range of
motion and is able to weight bear but with soma landemess on palpation. Good
J Cr#gh, wheaze, or chest b ghtne;s =73 wk? pedal pulse to her right foot. She hasnoa lergies and har only medication is birth
control pill, Shé has no other medical history, no hisiory of shoriness of breath or
braathing problams, and no hislory of smoking or respiralony infections. VS are 37.2-
Coughing, wheezing, or chest tightness that wakes you at B0-18-110/78-95%
— night/morning > 1 fwk?
Afer reading the case study please follow the: Algorithm for Asthma BPG.
Do you use your blue inhaler (reliever) =3 fwk for symptom i
] relief? look-up) [includes: chest tightness, wheeze, cough, = view the comect algorilhm
dyspnea excludes: strenuous exercise]

Changed flimited physical activiey b/c of symproms or fear of
— sympioms? [look-up)] [cough, wheeze, chest tightness, S0E)]

= Back OK =
Assess asthma control by asking the 4 gquestions above. Assessment of Asthma Control
Ifthe patient answers YES 1o one or mone click in the cormesponding box than click For individuals identified as having asihma or suspected of having asthma, the
OK and proceed leval of agthma control should ba assessed by the nurse. Nursas should be

knowledgeable about the accaptable parameters of asthma control, which are.
If the answer is NO io all questions please proceed by clicking OK
* use of inhaled short-acting B2 agonist < 4 timas/week (unless for exerciss)
* axperience of daytime asthma symptoms < 4 imasivesk
* experience of night time asthma symptoms < 1 imefwaek
* normal physical activity levels
* no absenca from work or school, and

For example, anurse can select a case study (from the upper right corner) to practice using the BPG as a diagnostic tool. Each
case study lists a series of patient conditions and symptoms, and the nurse is then able to enter thisinformation into the BPG
as appropriate. Upon pressing the OK button, the case study window will update to the next set of symptoms and conditions
that the nurse might observe, or to a page that indicates that the nurse has performed an analysis inconsistent with the
available information (thus prompting him/her to go back to the previous page).

Throughout a case study or afreeform exploration of the BPG, the lower two windows will contain relevant information
about the current BPG screen. In the lower |eft corner, there is a help page that describes the BPG from a more technical/
algorithmic perspective — e.g. if the patient has at least one of the six indicators of uncontrolled asthma, then proceed to an
assessment of uncontrolled asthma; otherwise, with relation only to this singular assessment of asthma, the patient likely does
not require urgent care. In the lower right corner, a description of the BPG from a more typical health-oriented perspective
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will be presented — e.g. if the potential for uncontrolled asthma isidentified, then the level of acuity needs to be assessed and
appropriate action, including possibly medical referral, is indicated.

Initial feedback from a group of expert emergency nurses on the learning object has been quite positive. It uses a standard
web interface, it is available to nurses on their own time, and it provides large amounts of user support and feedback. The
success of the learning object makes strong implications on the future design of computer-based BPGs.

5. Computer-based BPGs

Based on size and portability, the selected platform for the BPG is a PDA — specifically, the Palm Tungsten Ile. Aswe
continue through pilot testing the device, it will be important to consider not only the advances that this project holdsin
relation to promoting best nursing practices at the point of care, but also the potential limitations related to the chosen
technology.

It is possible that the small screen size of the PDA may present challenges to quick and efficient utilization by nursesin a
high-stress, nursing practice environment. In order to ensure that development of the practice tool occurs with ease of
integration into everyday nursing practice in mind, attending to the concerns and experiences of end usersis essential.
Vauable questions, such as appropriate infection control practices in relation to the device, have arisen directly from the
practice setting. Additionally, challenges associated with attempting to integrate the Palm PDA seamlessly with the patient
record system (based on Windows XP) that is utilized at our partner hospital have emerged. Continued development and
testing will focus on identifying strengths and weaknesses inherent in the selected technology.

6. Discussion

Best Practice Guidelines hold the promise of being able to shorten the research to practice lag, assist with record keeping and
patient care tracking, and enhance nursing clinical decision-making in the moment. Building a computer-based support
platform for the current paper-based BPGs is part of what is required to achieve this promise. In converting BPGs into
computer programs and algorithms, an important difference between the concept of an “agorithm” for nurses and computer
programmers was discovered.

Theinitial implementation of the computer-based BPG assumed and imposed too much “linearity” on the assessment and
decision-making processes involved in providing nursing care. This linear processis not just unnatural for nurses, itis
entirely contrary to the necessarily dynamic actions that a nurse must perform to provide ethical, competent, and safe patient-
centred care. Further understanding of how best to support these dynamic and iterative actions is presented as a key step
towards the devel opment of practical, computer-based implementations of BPGs.
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