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Computer-Interpreted Guidelines  iheyristic evaluation checklist was used for usability testing.

!Results: In the first step, the findings were presented in two main workflows
fand two sub-workflows. In the second step, a prototype CDSS was designed.
! The overall usability of the prototype was determined to be at an "acceptable”
!level, with a rating percentage of 92.09.

!Conclusion: The implementation of the CDSSs for warfarin drug dose
!estimation can lead to increased the quality of drug dose adjustment and the
!reduction of drug side effects. It is expected that the findings of this study will
'help to a better understanding of clinical guidelines, improve physicians'
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125


https://orcid.org/
https://orcid.org/0000-0002-5259-8564
https://orcid.org/0000-0001-7790-5439
https://orcid.org/0000-0002-0302-6711
https://orcid.org/0000-0003-1460-7025

Mahsa Setoudegan et al.

I:Iinical decision support system for prediction of warfarin dosage

Extended Abstract

'Introduction

Cardiovascular diseases (CVDs) are a
group of heart, cerebrovascular, and blood
vessel disorders, including coronary heart
disease, heart failure, rheumatic heart
disease, and other diseases, leading to 17.9
million annual deaths globally [1-5]. The
treatment goals in the management of
CVDs include improving symptoms,
reducing the risk of disease recurrence and
exacerbation, and finally preventing serious
complications, with each goal achieved
through a specific therapeutic mechanism.
Anticoagulation therapy is one of the most
important treatment options to prevent clot
formation and subsequently reduce stroke
[6,7]. As an oral anticoagulant, warfarin has
been effectively used in the treatment of
atrial fibrillation, valvular disorders, deep
vein thrombosis, pulmonary embolism, and
heart attack over the past few decades [8,9].
Warfarin is also prescribed to patients at
risk for stroke to reduce blood
coagulability, thereby preventing blood clot
formation and lowering the risk of
thromboembolism significantly [10-14].
Warfarin is a potentially dangerous
medication that poses significant problems
in clinical practice due to interindividual
variability in dose requirements, food—drug
interactions, and the need for careful
monitoring (with frequent blood tests) and
dose adjustments [15,16]. Furthermore,
inadequate dosing may result in the
formation of life-threatening clots, and
excessive doses may cause serious
bleeding; therefore, it is very important to
determine and adjust the appropriate dose
of warfarin for each patient [17,18].
However, accurate measurement of various
factors affecting warfarin dosings, such as
age, gender, and body mass index, remains
a challenging and complex task, given the
lack of comprehensive patient information
in paper medical records and the brief
duration of clinical visits [19]. One of the
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proposed approaches to patient care
optimization is to use evidence-based
clinical practice guidelines developed by
experts. Two sets of clinical practice
guidelines proposed by the American
College of Cardiologists (ACC) for
warfarin therapy include "evidence-based
management of anticoagulant therapy" and
"oral anticoagulant therapy” [8,9].
However, these guidelines are underutilized
owing to various reasons, including
physicians’  unawareness  of  and
unfamiliarity with the guidelines, the long
time required to find recommendations
suitable for each patient, and structural
problems in the design of these guidelines
(e.g., ambiguity, complexity, and
inconsistency) [20-22]. Clinical guidelines
are only truly effective when they are
seamlessly integrated into the flow of care,
enabling healthcare providers to access the
appropriate recommendations at the right
time. A wealth of research advocates the
use of Decision Support Systems (DSSs) to
enhance adherence to clinical guidelines
and protocols while reducing medication
errors and optimizing care delivery [23,24].
DSSs can also help bridge the gap between
clinical observations and health knowledge,
thus aiding physicians in making informed
decisions during patient care [25]. The aim
of this research was to develop and evaluate
Clinical Decision  Support  Systems
(CDSSs) according to rules extracted from
the  computer-interpretable  guidelines
"Evidence-Based Management for
Anticoagulation Therapy” and "Oral
Anticoagulation Therapy" to estimate the
dose of warfarin.

'Methods

The current research is an applied
developmental study that was carried out in
two steps. First, the clinical guidelines
"evidence-based management of
anticoagulant ~ therapy" and  "oral
anticoagulant therapy” were interpreted.
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Then, the diagram of the main and
secondary workflow, and the data elements
of the guides were extracted and illustrated
using the Microsoft Visio tool, and finally,
the accuracy of the workflow diagrams and
data elements in the form of a discussion
framework with the consensus method of
experts was evaluated. In this way, by
holding an expert panel, including 10
experts (five cardiologists and five experts
in  medical informatics and health
information management) discussed and
exchanged opinions about workflows and
data elements. The consensus continued
until a collective agreement was reached.
The second step was based on the main sub-
workflow charts and data elements
confirmed in the previous step. A prototype
CDSS for warfarin dose estimation was
designed using SQL database and PHP
programming language. Then, three
cardiologists were selected to evaluate the
usability of the prototype as a non-random-
purposive sampling based on criteria. The
data collection tool was "Nielsen's heuristic
evaluation checklist" whose validity and
reliability were confirmed in previous
studies [26]. This checklist consisted of
four parts, including the characteristics of
the completer (six questions), learnability
(13  questions), memorability (11
questions), and user satisfaction (16
questions). Each axis of this checklist was
evaluated on one of the dimensions of the
system prototype. The axis of "learnability
" included the  dimensions  of
"comprehension,” "accessibility,"”
"categorization," "communication,"
"control and guidance,” and " required
prerequisites™; the axis of " memorability "
included the dimensions of “consistency
and uniformity," "simplicity,"
"categorization,”  "concentration,” and
"routineness”; and the axis of "user
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satisfaction” included the dimensions of
"security," "ease of use," and "efficiency".
For each of the questions, three options
were considered: "unacceptable,”
"relatively acceptable,” and "acceptable™
with numerical values equal to "zero,"
"one," and "two,"” respectively [27].
Considering that there were three experts
participating in the evaluation, each
checklist had a maximum score of "six" and
a minimum score of "zero." The prototype
of the system was evaluated using a
checklist. The findings of the usability
evaluation of the designed CDSS prototype
were analyzed with descriptive statistics
(mean, frequency, and percentage) using
SPSS (version 22). To evaluate the usability
of the prototype of the system, first, the
score for each checklist question was
calculated according to the frequency of
answers to the question, the assumed
numerical value of each question, and the
weighting factor of 1. Next, a scale was
determined to measure the usability of the
system, which is shown in Figure 1. Then,
the final score of the question was reported
as a percentage, and finally, the average
percentage score of each axis and its related
dimension was calculated. If the obtained
results were reported at an acceptable level,
the CDSS prototype was approved

Unacceptable Relarfvely Acceptable
acceptable

Percentage f If ! |
score 0% 2% 50%

Score f t i I i
0 15 3 45 6

Fig 1: CDSS usability scale

'Results

The data elements required to estimate the
dose of warfarin were determined in five
subcategories, which are shown in Table 1.
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Table 1: Subsets and data elements required to estimate the dose of warfarin in cardiac patients

Subset

Data element

Demographic

Patient's name, patient's last name, gender, age, national 1D number,
address, phone

Medical

information

Doctor's name, doctor's last name, reason for warfarin use, target
treatment range, drug start date, treatment stage, tablet dosage, additional

Risk assessment

HAS_BLED test

Associated diseases

Identification code, disease name

Concomitant medications

Drug identification code, drug name

Side effects (adverse events)

Bleeding, blood clots, identification code, date, type of complication

Usability evaluation of the prototype CDSS
for estimating the dose of warfarin in
cardiac patients was performed based on
the opinion of three cardiologists
experienced in evaluating and passing the
required training in the three axes of

learnability,

memorability,

and user

satisfaction (Tables 2, 3, and 4,
respectively). In addition, in the presented
tables, the score of each axis is reported by
the frequency of each answer (according to
the score assigned to each answer) and in
general (on a cumulative basis and as a
percentage).

Table 2: The usability of the CDSS prototype in the learnability axis from the evaluators' point of view

Evaluators’ opinion Percentage points
. . . — . ° @
Dimension Criterion % > % 2 2 > 2 =
s > 5 a | S =8 &
< = © v O o = O [&]
5 S 8= 8§ (Eg ¢
o 3 = é(’ & 2 c
g 8 5 >
Comprehension | Comprehensibility of system messages for 3 0 0 100 - -
the user
Comprehensibility of the names of the 3 0 0 100 - -
information components on the log-in and
data display pages
Accessibility | Announcing messages (including 3 0 0 100 - -
warnings, reminders, and
recommendations) in a specific place on
the log in and data display pages
The presence of buttons in a specific place 3 0 0 100 - -
on the log-in and data display pages
Grouping Categorizing options available in menus 2 1 0 83.3 - -
and submenus
Logical arrangement and classification of | 3 0 0 100 - -
information components while
performing a specific operation
Distinguishing  active and inactive 3 0 0 100 - -
categories of information components
while performing a specific operation
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Table 2: Continue

Evaluators’ opinion Percentage points
Dimension Criterion S S o @
s ¥z B3 33 %
€ 28 8s & =8 ¢
2 -t 8~ & =8 3
8 x 8 S < x 3 &
< S ) D
Relationship | Relevance of the title of each page to its 3 0 0 100 - -
contents
Relevance of menus to submenus based on 3 0 0 100 - -
the logical order of the work routine
Existence of specific connections between 3 0 0 100 - -
data entry pages to perform a specific
operation
Control and | Directing the workflow through feedback 3 0 0 100 - -
management | and system messages (workflow control
by the system)
Presence of a guide according to the user's 0 0 3 - - 0
needs and search
Prerequisites | Using necessary presets related to 3 0 0 100 - -
information components in order to select
the user
The findings of Table 2 showed that in the was unacceptable. In addition, other cases
prototype of the designed CDSS, "the were reported as acceptable in the
presence of a guide that guides the user learnability axis.

according to the user's needs and search™

Table 3: The usability of the CDSS prototype in the memorability axis from the evaluators' point of view

Evaluators’ opinion Percentage points
B rarefion Criterion . . .
T 22 8 2 22 3
= 8. 5~ S 28 B
© = o - o O o > o [
=8 So— 87 8 s g 38
g8 &8 £ & &g &g
3 © 5 | < =135
Maintaining uniformity of menus and 3 0 0 100 - -
submenus in all parts of the DSS prototype
(using the same color, shape, and size)
Observing the uniformity of icons in all 3 0 0 100 - -
parts of the DSS prototype (using the same
color, shape, and size)
Observance of uniformity in the naming of 3 0 0 100 - -
Consistency | menus and sub-menus in all parts of the
and DSS prototype
uniformity | Maintaining consistency in the naming of | 3 0 0 | 100 - -
information components in all parts of the
DSS prototype
Compliance with uniformity in the naming 3 0 0 100 - -
of buttons in all parts of the DSS prototype
(including storage, exit, and calculation)
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Table 3: Continue
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Evaluators’ opinion Percentage points
Dimension Crtenon S <@ 2
2 ¥ E_ % 33 %
S >8 . o~ 8 > 8 o
© = o - v O o = O [<5)
a So—| 87| 8 S a | 8
g &8 £ g &8 &g
2 I 5 < < 5
Using simple icons related to the topic 3 0 0 100 - -
Simplicity "Using simple names in naming menus, | 3 0 0 100 -
submenus,  buttons, and information
components
Attracting the user's attention and making 3 0 0 100 - -
them memorable through the colors used in
the system
Partial Specificity of items selected or recorded in 3 0 0 100 - -
focus the DSS prototype for a specific activity
Clarity of the user's position through the 3 0 0 100 - -
colors used in all parts of the DSS prototype
Repetition of performing similar tasks on the 3 0 0 100 - -
basis of a specific routine after pressing the
Routine buttons on the log in pages and displaying
data in all parts of the DSS prototype
(repetition of decision-making patterns,
calculation algorithms, and all executive
operations)

The findings in Table 3 indicate that the
status of all dimensions related to
memorability was acceptable. The findings
in Table 4 indicate that in the prototype of
the designed system, "determining access

130

levels" was unacceptable, and "the ability to

adjust by the user"
acceptable.

was relatively
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Table 4: The usability of the CDSS prototype in the user satisfaction axis from the evaluators’ point of vie

Evaluators’ opinion Percentage points

Dimension Criterion
D D
i > @ o) 9 >~
g . ¢8_ £ E 28 £
2N Ead 3o 2 Sa 9
- s8 £ 8 $§ &
< < 5 < @ | 5
Log in to the prototype DSS through a 3 0 0 100 - -
secure and untraceable username and
Security password
Determining access levels in the DSS 0 1 2 - - 16.6
prototype by authorized users
Maintaining confidentiality of patient 3 0 0 100 - -
information
Using expressions (technical vocabulary) 3 0 0 100 - -
used by the user in all parts of the DSS
prototype
Possibility of setting the DSS prototype 0 3 0 - 50 -
Ease of use through the user interface (including
changing the user code and so on)
Ability to edit or delete data if needed 3 0 0 100 - -
Existence of necessary reports in order to 3 0 0 100 - -
obtain patient information and records
The simplicity of using the prototype of the 3 0 0 100 - -
decision support system
Appropriateness of response time of DSS 3 0 0 100 - -
prototype during storage and processing
The correctness and accuracy of the results 3 0 0 100 - -
obtained from the implementation of the
algorithm for estimating the dose of
warfarin
Correctness and precision of reporting 3 0 0 100 - -
Function decreases or _increases in the estimated
dose of warfarin
Correctness and precision of the results 3 0 0 100 - -
obtained from the implementation of the
algorithm for determining the time of the
next visit
Ease of estimating the dose of warfarin 3 0 0 100 - -
while using the DSS prototype
Ease of monitoring the physical condition 3 0 0 100 - -
and drug side effects
Ease of INR control to ensure adherence to 3 0 0 100 - -
the target therapeutic range
\Discussion opinion of the system terms of
In the present study, Nielsen's checklist was learnability, ~memorability, and user

used to evaluate the system's usability using
the heuristic method. The results showed
that the overall usability of the system was
at an "acceptable™ level, with a percentage
score of 92.09. Additionally, users’ general

131

satisfaction was at an "acceptable” level,
with average percentage scores of 90.73,
100, and 85.53, respectively. A previous
empirical study [26] also evaluated the
usability of a similar system by using
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Nielsen's checklist and reported an overall
usability score of 90.48%, which is lower
than the value obtained in the present study
(92.09%). In this study, the usability
evaluation results showed that the
following dimensions were satisfactory:
comprehensibility of messages and
information components, ease of access to
the tools and messages of the system, the
way of groupings, and the existence of
chain communication between activities.
On the other hand, according to the
evaluators’ opinion, the dimension of
"control and guidance" in the axis of
learnability was deemed unacceptable.
Therefore, it can be concluded that in order
to address these inadequacies, it is
necessary to create a comprehensive system
guide and modify the categories of options
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