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Abstract

Background: Clinical decision support (CDS) functionalities in Computerized Provider Order Entry system (CPOE) need to be iden-
tified by the institutional healthcare providers in developing countries. In this regard, CDS functionalities should be a priority for
the execution in CPOE.
Objectives: Thus, our study was done to identify and prioritize the CDS functionalities in CPOE.
Methods: A Two-round Modified Delphi process was used. Firstly, a systematic search was conducted in electronic databases from
the date of database inception to February 2019 for identifying CDS functionalities integrated into CPOE. Studies were retrieved
from databases, including PubMed, Embase, ProQuest, Scopus, Web of Science, Cochrane, Science Direct, ACM digital library, and
IEEE Xplore Digital Library. Secondly, the Modified Delphi method was carried out in 2019 to provide contextual priorities regarding
CDS functionalities in CPOE in two iterative rounds. A total of 12 experts working in the three Intensive Care Units (ICUs) with more
than three years of experience with homegrown CPOE in Shiraz Nemazee Teaching Hospital, including two clinical pharmacists, two
health information management faculty member, four cases with critical care fellowship, and four critical care experts participated
in the study. The≥ 66.6% agreement was considered as the consensus level. SPSS software version 24 was used for statistical analysis.
Results: Totally, 327 studies, which met eligibility criteria were found. A number of 60 potential CDS functionalities in CPOE were
identified from eligible studies. Also, 13 out of 60 CDS functionalities reached high priority consensus after 2 iterative Delphi rounds,
including drug-allergy checking (83.3%), basic dosing guidance (75%), single dosing checking (66.7%), duplicate therapy checking
(66.7%), drug-pregnancy alerts (75%), time-based alerts (66.7%), alert for deep vein thrombosis prophylaxis (66.7%), alerts for duplicate
medication order checking (66.7%), drug-drug interaction checking (75%), intelligent dosing guidance based on the patients’ char-
acteristics (66.7%), renal-drug problems checking (83.3%), drug-disease interaction checking (66.7%), and displaying medication/test
cost (75%).
Conclusions: Our study identified high-priority CDS functionalities to be considered in the CPOE system from the viewpoint of mul-
tidisciplinary experts, especially in Iran. Results of this study may be beneficial to plan, design, and implement CDS functionalities
in CPOE in the ICU.
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1. Background

Today, the health care system is encountered with
increasing health care service demands and reduced re-
sources. High-quality information technology contributes
to health care transformation through a reduction in
utilizing unnecessary services and medication errors (1).
Some studies addressed patient safety as one of the main

health care challenges in each country (2, 3). The most fre-
quent medication errors occur at prescribing medication
stage in the Intensive Care Unit (ICU) (4). Computerized
Provider Order Entry (CPOE) is a component of health in-
formation technology that can contribute to improving
care quality by decreasing medication errors and reducing
resource overutilization (5-7).

The main aim of CPOE is assurance regarding the pro-
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vision of standardized, legible, and complete orders by
the providers (8). However, health care organizations can
achieve benefits of CPOE after integrating Clinical Deci-
sion Support (CDS) functionalities into CPOE (9-11). Nev-
ertheless, the implementation of CDS with CPOE is imper-
fect in developing countries (12). Advanced and basic CDS
functionalities in CPOE can improve care quality. Unfor-
tunately, despite the potential for integration of the CDS
into CPOE to improve the care process, patients’ outcome,
and economic outcome, CDS functionalities in CPOE are
not fully employed in healthcare organizations in develop-
ing countries (13, 14). So far, CDS has been increasingly built
in CPOE because the CDS system can help the provider to
avoid forgetting, avert harm to the patient, and increase
adherence to standard care (2, 15).

Detecting the requirements regarding design, devel-
opment, testing, and deployment of CDS functionalities
in CPOE is costly and time-consuming and also requires
vast resources and access to the patients’ longitudinal in-
formation and comprehensive medical record (16). More-
over, the barriers related to clinical software development,
such as limited resources, inadequate budget, and insuf-
ficiently skilled programmers, among others, make pri-
oritization of clinical software requirements important
(17). Post-implementation of CDS in CPOE needs updating
the knowledge base, upgrading the infrastructures, chang-
ing the policies, and training the end-users (clinicians),
which in turn limits the implementation of the CDS sys-
tem. Providers in Nemazee Teaching Hospital have used
the CPOE to enter all medical orders, including medication
orders, radiology imaging orders, laboratory orders, blood
bank orders, and general orders in the computer by the
providers since October 2015 (18). CDS functionalities in
CPOE need to be identified by the institutional healthcare
providers in developing countries. In this regard, CDS func-
tionalities should be a priority for the execution of CPOE.
On the other hand, the Agile method is used to develop a
CDS system; determining the priority of the requirements
is an important step in the agile process.

2. Objectives

Thus, the primary aim of this study was to identify CDS
functionalities in CPOE. Our secondary purpose was prior-
itizing CDS functionalities to implement in CPOE based on
the provider’s viewpoint.

3. Methods

To obtain a consensus from the experts about the high
priority of CDS functionality into CPOE, a two-round mod-
ified Delphi process was applied. Firstly, we conducted

a systematic review to identify CDS functionalities inte-
grated into CPOE. Studies about CDS functionalities in-
tegrated into CPOE published in English until February
2019 were included in this study. On the other hand, the-
ses/dissertations, proceeding papers, conference papers,
unpublished papers, and those written in non-English lan-
guages were excluded.

A systematic search was conducted in electronic
databases, including PubMed, Embase, ProQuest, Scopus,
Web of Science, Cochrane, Science Direct, ACM Digital
Library, and IEEE Xplore Digital Library from February
2019. Table 1 presents the search strategy of this review.
The Endnote software was used to manage the references.

Two authors screened the titles and abstracts of the
studies. After the first stage of screening, papers were re-
trieved and reviewed. Relevant information of each study
was extracted based on a collection form, which included
the journal name, title of the paper, study design, study
date, study sample, data collection tools, CDS functionali-
ties integrated into CPOE, and conclusion. All forms were
synthesized item by item. In the extraction stage, one of
the authors inserted the data into the form and the other
authors reexamined them. In the case of disagreements be-
tween the two authors, a co- author was asked to resolve
them. The extracted data were categorized according to
the type of medical orders. The CDS functionalities inte-
grated into CPOE were synthesized through a narrative re-
view.

Secondly, a modified Delphi method was conducted
to provide contextual priorities regarding CDS function-
alities in CPOE in order to address the second aim of the
study. This method has been applied in many studies to
rank patient safety according to the scope and status (2, 19,
20). It has also been used to develop a framework in order
to support the implementation of the Qatar National Vi-
sion 2030 (21). The setting of the study was ICU in the large
700 -bed Nemazee Teaching Hospital, which is the largest
tertiary hospital in the south of Iran. Providers have used
the homegrown Electronic Medical Record (EMR) in the
three ICUs at Shiraz Nemazee Teaching Hospital since Oc-
tober 2015. This homegrown EMR software is a web-based
system. CPOE component was developed by involving the
end-users, attending physicians, residents, nurses, and se-
curity staff of the unit. This EMR software encompasses
demographic information, problem lists, nursing assess-
ment, electronic medication administration record, test
results, and CPOE components. CPOE module included all
orders in the electronic structured format: medication or-
ders, general orders, clinical imaging orders, test orders,
and blood bank orders, but CDS functionalities have not
been combined in the CPOE (8, 13). The ICU personnel in
Nemazee Hospital are familiar with the CPOE system. Thus,
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Table 1. Search Strategy for Identifying Clinical Decision Functionalities on A Computerized Provider Order Entry

Search Strategy

Information databases Pubmed, Embase, Scopus, Web of Science (WOS), Cochrane, Proquest, ACM Digital Library, IEEE Xplore, Science Direct

Search strategy

#1 “Medical order entry systems” OR “CPOE” OR “Computerized order entry” OR “Computerized prescriber order entry” OR “Computerized
provider order entry” OR “Electronic order” OR “Electronic prescribing” OR “Electronic physician order entry” OR “Computerized physician
order entry”

#2 “clinical decision support systems” OR “Clinical computerized decision support systems” OR “Decision-support systems” OR “Reminder
systems” OR “Computer-assisted decision-making” OR “computer-assisted therapy” OR “Expert systems” OR “Alert system” OR “clinical
decision support alerts” OR “formulary decision support”

researchers decided to select the personnel of these three
ICUs as research participants to determine the priorities
regarding the integration of CDS functionalities into the
CPOE. This study was carried out in 2019.

The participants were selected from different stake-
holders with experience in CPOE and ICU. They were identi-
fied based on the CPOE steering committee (22), including
(1) critical care academic members and with intensive care
unit fellowship who had experience in CPOE and ICU; (2)
clinical pharmacists who had experience in CPOE and ICU;
and (3) health information management academic mem-
bers who had experience in CPOE. With regard to the crite-
ria, a list of 12 experts was identified based on the feasibility
of access. The samples of this study included twelve cases
working in the three ICUs at Nemazee Hospital with more
than 3 years of experience in homegrown CPOE in Shiraz
Nemazee Teaching Hospital who met the inclusion criteria.
Seven out of 12 participants were male, and the mean work
experience of the subjects was 16 years.

The study was performed in the following steps:

1) To identify CDS functionalities in a CPOE system, a
comprehensive review was carried out using electronic in-
formation databases, and the search strategy is presented
in Table 1.

2) The list of CDS functionalities was developed by MK,
as shown in Table 2. The list of CDS functionalities was clas-
sified based on the type of medical orders. All authors re-
viewed and approved the questionnaires. CDS functionali-
ties in CPOE identified in the previous stage were used by
assigning numbers to them in order to evaluate the per-
ceptions about the priority of requirements in the imple-
mentation of CDS functionalities with CPOE, and a simple
method was used for prioritization of CDS functionalities
in the CPOE system.

3) The list of CDS functionalities was approved by the
research team, and a pilot survey was conducted, in which
the physicians’ feedbacks were obtained to investigate
face validity. In the final stage, the main list of papers was
sent to the study participants.

4) Demographic information, including the partici-

pant’s job, s’ specialties, and prior experience with CPOE
were considered as the inclusion criteria.

Participants were asked to rate their agreement with
each CDS functionality on a 3-point Likert scale, which
ranged from “low priority” to “high priority.” Each ques-
tion also consisted of open-ended questions, and the par-
ticipants were asked to provide their comments. Addition-
ally, they were asked to recommend any CDS functionality
if needed.

The authors achieved consensus through a modified
Delphi ranking method in 2 iterative rounds. A question-
naire was sent to all the experts in the first round. The re-
search team members were requested to complete and re-
turn the questionnaire within 2 weeks for rounds 1 and 2;
the questionnaire consisted of a cover letter, participants’
demographic data, and a list of 60 CDS functionalities in
CPOE. CDS functionalities were divided into medication-
related decision support, medical imaging order decision
support, laboratory test orders decision support, trans-
fusion orders decision support, expert system integrated
into CPOE, and other CDS functionalities in the CPOE sys-
tem, such as urinary catheter reminder. Also, 43 out of 60
CDS functionalities belonged to electronic medication or-
ders.

Descriptive statistics, including mean, median, mode,
and variability (standard deviation, mean, and range) were
done to assess the participants’ demographic information.
Moreover, descriptive statistics were used to evaluate the
consensus agreement on the importance of CDS function-
alities, including measures of agreement percentage. An
agreement of ≥ 66.6 was considered as the consensus
level. SPSS software version 24 was used for statistical anal-
ysis.

Ethical approval for this study was obtained from the
Ethics Committee of Shiraz University of Medical Sciences
(approval ID: IR.SUMS.REC.1398.1046).
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4. Results

The literature search was conducted in February 2019,
by which a total of 10715 potential relevant papers were ini-
tially identified; of which 7904 records remained after the
removal of duplicates. The three-step review process was
conducted (title screening, abstract screening, and full-
text screening). In the first and second stages, 2 reviewers
screened the titles and abstracts of all the papers for rele-
vant studies, and studies that did not meet the inclusion
criteria were eliminated. After the first and second stages
of screening, 701 papers were retrieved and reviewed, and
then, the full-text of the papers was screened, and finally,
327 studies remained. Figure 1 shows the flow diagram of
the study selection.

Mostly addressed CDS functionalities in CPOE be-
longed to medication order decision supports, including
drug-drug interaction checking (n = 59), basic dosing guid-
ance (n = 37), renal-drug problems checking (n = 36), deci-
sion support for antibiotic use (n = 27), order set (n = 24),
indicating the appropriateness of imaging orders (n = 23),
drug-lab alert (n = 22), drug-allergy checking (n = 21), for-
mulary decision support (n = 19), decision support systems
to promote the appropriate use of blood bank (n = 17), and
drug-disease interaction checking (n = 16). Table 2 presents
potential CDS functionalities in CPOE.

The survey was sent to 12 participants who met the in-
clusion criteria. Three professors at Shiraz University of
Medical Sciences (one ICU professor and 2 professors in the
field of health information technology) were asked to re-
vise and evaluate the prioritization tools. The 3-point Lik-
ert scale questionnaires were employed to determine the
priority of 60 potential alerts.

Respondents were asked to score 60 potential CDS
functionalities in medical orders using a Likert-type scale
in the first round, and there was a suggestion section in
the prioritization tools. The mean score for each CDS func-
tionality in medical orders ranged from 1.33 to 2.75. Table 3
presents the frequency of answers regarding prioritization
of each CDS functionality for all participants. In round 1, 8
out of 60 CDS functionalities reached high priority consen-
sus (> 66.6%), including drug-allergy checking (83.3%), ba-
sic dosing guidance (75%), single dosing checking (66.7%),
duplicate therapy (66.7%), drug-pregnancy alerts (75%),
tickers (time-based alerts indicating that an order has not
been fully carried out) (66.7%), alert for deep vein throm-
bosis (DVT) prophylaxis (66.7%), and alerts used for the du-
plicate test (66.7%) in the first round (more than 66.6% of
the responders scored high priority). However, drug selec-
tion guidance or dosing guidance based on genetic profiles
reached a consensus low priority (75%) in the first round
(Table 3).

Feedbacks and mean total priority scores of each po-
tential CDS functionality that did not achieve agreement
were sent to the experts. A 2-week period was provided for
the participants to repeat the survey, choosing whether to
change their priority scores based on mean total priority
scores of each CDS or keep their mean scores. Also, 51 out of
60 CDS functionalities in medical orders that did not reach
consensus were presented again in round 2. In round 2,
5 out of 51 CDS functionalities in medical orders achieved
high priority consensus, including drug-drug interaction
checking (75%), intelligent dosing guidance (based on pa-
tients’ characteristics) (66.7%), renal-drug problems check-
ing (83.3%), drug-disease interaction (66.7%), and display-
ing medication/test cost (75%) (Table 4).

5. Discussion

In this study, CDS functionalities in CPOE in ICU were
identified and prioritized. The most important CDS func-
tionalities for increasing the patient’s safety were identi-
fied by consensus with the group of experts in a modified
Delphi rating process. High priority CDS functionality that
needs to be embedded into CPOE was obtained consider-
ing end-users’ opinion about CDS priority in CPOE to ac-
knowledge the end-users’ voice concerning their task and
role. This is in line with other instances of design and im-
plementation of CDS, which have been successful as they
have considered the provider involvement in the identifi-
cation of requirements, design, development, and evalua-
tion of the system.

In this study, 13 out of 60 CDS functionalities reached
high priority consensus, including drug-allergy checking,
basic dosing guidance, single dosing checking, duplicate
therapy, drug-pregnancy alerts, tickers (time-based alerts
indicating that an order has not been fully carried out),
alert for DVT prophylaxis, alerts for the duplicate test, drug-
drug interaction checking, intelligent dosing guidance
(based on patients’ characteristics), renal-drug problems
checking , drug-disease interaction alerts, and displaying
medication/test cost. Our study results are consistent with
those of Kuperman et al. (23) and Tolley et al. (24). Kuper-
man et al. (23) introduced basic and advanced medication
CDS in CPOE so that basic decision support included drug-
allergy checking, basic dosing guidance, formulary deci-
sion support, duplicate therapy checking, and drug–drug
interaction checking. Advanced decision support included
dosing support for renal failure, drug-lab checking, drug-
pregnancy checking, and drug-disease contraindication.
Although developing countries have implemented CPOE
with CDSS, many researchers have reported that CPOE has
not been integrated into the CDS system in Iran. For exam-
ple, Rabiei et al. (14) addressed this issue in Iran. In rela-
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Records identified through database searching (n = 10715)

Scopus (5192), Pubmed (1086), ProQuest (3607), Embase (354), Wos (282), Cochrane (83), 

science direct (70), ACM digital library (27), IEEE (14) 

Records after duplicates removed 
(n = 7904) 

Records screened 
(n = 7904)

Records excluded 
(n = 7203) 

Full-text articles excluded, with 
reasons(n = 374) 

Full-text articles assessed 
for eligibility 

(n = 701)

Studies included in qualitative synthesis (n = 327)

CDSS for CPOE (10), CDSS for drug order (205), CDSS for image order (27), CDSS for lab order (22), CDSS for diet 

order (6), CDSS for Blood bank order (25), CDSS for urinary Cather order reminder and oxygen order order (3), order 
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Figure 1. PRISMA flow diagram. CPOEm Computerized Provider Order Entry system; CDSS, Clinical Decision Support system.

tion to the CDS functionalities of CPOE, they indicated that
the current EMR software in Iran lacks those functionali-
ties (14). They highlighted the need for developing the CDS
functionalities in the CPOE in Iran. In addition, Eslami et
al. showed that CPOE did not consist of CDS functionalities.
However, Ferranez et al. (25) showed that medication clini-
cal decision support integrated into CPOE increases the in-
patient safety and quality of care.

CDS functionalities integrated into the CPOE in ICU can
decrease the medication error, ICU mortality rate, hospital
mortality rate, length of stay in ICU, and length of stay in
the hospital so that these functionalities increase the pa-
tient safety, quality of care and decrease inappropriate ser-
vices (26-28). In this study, most CDS functionalities that
reached high priority consensus from the viewpoint of

intensivists belonged to the medication-related decision
support system. Hospitalization of the patients in ICU is
at high risk of medication errors and adverse outcomes (2,
29). Thus, in this study, the experts were asked to highlight
important medication-related CDS functionalities in ICU.
CDS integrated into the CPOE system is one of the interven-
tions used to prevent medication error and inappropriate
order at prescribing stage in hospitals.

Most CDS functionalities reached a high priority con-
sensus that belonged to medication orders and were at-
tributed to the effect of medication CDS on clinical out-
comes, such as medication errors and adverse drug out-
comes. However, lab test orders-related decision support
and medical imaging orders decision support did not
achieve high priority consensus because they have signifi-
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cant effects on the cost, process, and outcome of care while
their use may contribute to the transformation of health
care. In addition, some CDS functionalities related to med-
ication orders, such as drug-patient age checking, drug-
food interaction checking, and polypharmacy alerts, did
not reach a consensus since they are not essential in ICU.

This study is the first modified Delphi study in Iran,
which investigated the prioritization of CDS functionali-
ties built within CPOE from the viewpoint of multidisci-
plinary experts. End-user involvement in the identification
of requirements, design, and development of CDS func-
tionalities is indispensable to achieve success in CDS im-
plementation. Thus, high-priority CDS functionalities may
be useful to plan for CDS implementation. CDS designers
and managers in the field of health information technol-
ogy should pay attention to priorities proposed by the end-
users in ICU. However, there were several limitations in this
study. First, the sample size of the study was small because
there was no other hospital expert to meet the inclusion
criteria related to prior experience with CPOE in this re-
gion. There was individual selection bias because the in-
cluded experts were not randomly selected. There are dif-
ferent prioritization methods, but we used the modified
Delphi method for ranking CDS in ICU. Thus, further stud-
ies are recommended for prioritization of CDS functionali-
ties using other methods, such as Analytic Hierarchy pro-
cess (AHP), Machine Learning, Top-10 Selection, WinWin,
etc. The results of this study may be beneficial to plan, de-
sign, and implement clinical decision support functional-
ities in CPOE.
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Table 2. Clinical Decision Support Functionalities in Computerized Provider Order Entry From Literature Review

Number Functionalities

Medication Order Decision Support

1 Drug-allergy checking

2 Basic dosing guidance

3 Single dose range checking

4 Maximum daily dose checking

5 Maximum lifetime dose checking

6 Default doses/pick lists

7 Indication-based dosing (7.5 mg methotrexate once weekly for rheumatoid)

8 decision support for the recommended route of administration (oral or intravenous routes)

9 Formulary decision support (drugs covered by hospital or patient’s insurance)

10 Duplicate therapy checking

11 Drug-drug interaction checking, drug-herb interaction checking

12 Intelligent dosing guidance (based on patient’s characteristics)

13 renal-drug problems checking

14 Drug-food interaction checking

15 Drug-lab alert

16 drug-disease interactions and contraindications checking

17 Drug-pregnancy checking

18 Decision support supporting drug prescription during breastfeeding

19 Drug-patient age checking

20 Guiding drug selection or dosing based on genetic profiles

21 Support for optimal drug selection based on the indication

22 Plan of care alerts (reminders to reassess the need for restraints and reorder if necessary at least every 24 h).

23 Reminders to order a diagnostic or therapeutic procedure based on patient’s parameters

24 Look-alike/sound-alike medication warning

25 Time-based alerts that an order has not been fully carried out

26 Problem list management

27 High-risk state monitoring

28 Polypharmacy alerts (suggesting consultant pharmacist)

29 Chemotherapy prescription clinical decision-support systems

30 computerized decision support on antibiotic use

31 Alert for the use of thrombolytic prophylaxis

Order Facilitator

32 Medication order sentences/medication or test order set

33 Subsequent or corollary orders

34 Service-specific order sets

35 Condition-specific order sets

36 Procedure-specific order sets

37 Condition-specific treatment protocol
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38 Transfer order set

Relevant Information Display

39 Context-sensitive information retrieval

40 Patient’s specific relevant data display

41 Medication/test cost display

42 Tall man lettering

43 Context-sensitive user interface

Laboratory Test Order Decision Support

44 Decision support for detecting unnecessary laboratory test order

45 Prediction of test abnormalities

46 Test cost display

47 Decision support for detecting duplicated test orders

Clinical Decision Support for Imaging Ordering

48 Indicating Appropriateness of imaging order

49 Diagnostic imaging cost display

50 Clinical decision-making tools for exam selection

51 real-time computerized duplicate diagnostic imaging order alert

52 Displaying radiation dose during order

Blood product order (transfusion service)

53 Real-time clinical decision support for red blood cell

54 Real-time clinical decision support for decreased inappropriate plasma transfusion

55 Computerized decision support systems to promote the appropriate use of blood products

56 Real-time clinical decision support systems for platelet and cryoprecipitate order

Expert System

57 Antibiotic suggestions based on patient history, Gram stain results on antimicrobial therapy, culture results, and patient characteristics

58 Ventilator suggestions based on patient-specific blood gas readings and current condition

59 Recommendations regarding the appropriateness of transfusion and suggested products and dosing based on clinical indications

60 Tools, calculators, guidelines, and protocols for ordering total parenteral nutrition (TPN), enteral nutrition or other alimentation procedures

Workflow Support

61 Automatic termination of orders after a fixed period of time

62 Applying logic and route orders for special approval based on order type, ordering provider, or patient characteristics.

63 Parsing tools to translate free-text orders into structure representations

Others

64 Providers were prompted at order entry to specify the indication for urinary catheter insertion.
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Table 3. Clinical Decision Support Survey Results (Round 1)

Number Potential Clinical Decision Support for Medication
Orders

Low
Priority,
No. (%)

Medium
Priority,
No. (%)

High
Priority,
No. (%)

Total Priority Score, Mean±
SD

Decision

1 Drug-allergy checking 1 (8.3) 1 (8.3) 10 (83.3) 2.75 ± 0.62 Selected

2 Basic dosing guidance 1 (8.3) 2 (16.7) 9 (75) 2.66 ± 0.65 Selected

3 Single dose range checking 2 (16.7) 2 (16.7) 8 (66.7) 2.50 ± 0.79 Selected

4 Maximum daily dose checking 2 (16.7) 4 (33.3) 6 (50) 2.33 ± 0.77 Discuss

5 Maximum lifetime dose checking 2 (18.2) 5 (45.5) 4 (36.4) 2.18 ± 0.75 Discuss

6 Default doses/pick lists 4 (33.3) 3 (25) 5 (41.7) 2.08 ± 0.90 Discuss

7 Indication-based dosing (7.5 mg methotrexate once weekly
for rheumatoid)

3 (25) 2 (16.7) 7 (58.3) 2.33 ± 0.88 Discuss

8 Decision support supporting route of administration (IV to
PO)

1 (8.3) 4 (33.3) 7 (58.3) 2.50 ± 0.67 Discuss

9 Formulary decision support (drugs covered by hospital or
patient’s insurance)

2 (16.7) 4 (33.3) 6 (50) 2.33 ± 0.77 Discuss

10 Duplicate therapy checking 1 (8.3) 3 (25) 8 (66.7) 2.58 ± 0.66 Selected

11 Drug-drug interaction checking 1 (8.3) 5 (41.7) 6 (50) 2.41 ± 0.66 Discuss

12 Drug-herb interaction checking 5 (41.7) 2 (16.7) 5 (41.7) 2.00 ± 0.95 Discuss

13 Intelligent dosing guidance (based on patient
characteristics)

2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 Discuss

14 Renal-drug problem checking 2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 Discuss

15 Drug-food interaction checking 3 (25) 5 (41.7) 4 (33.3) 2.08 ± 0.79 Discuss

16 Drug-lab alert 2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 Discuss

17 Drug-disease interactions and contraindications checking - 5 (41.7) 7 (58.3) 2.58 ± 0.51 Discuss

18 Drug-pregnancy alert 2 (16.7) 1 (8.3) 9 (75) 2.58 ± 0.79 Selected

19 Decision support for drug prescription during breastfeeding 3 (25) 2 (16.7) 7 (58.3) 2.33 ± 0.88 Discuss

20 Drug-patient age checking 1 (8.3) 7 (58.3) 4 (33.3) 2.25 ± 0.62 Discuss

21 Guiding drug selection or dosing based on genetic profiles 9 (75) 2 (16.7) 1 (8.3) 1.33 ± 0.65 Excluded

22 Support for optimal drug selection based on indication 4 (33.3) 4 (33.3) 4 (33.3) 2.00 ± 0.85 Discuss

23 Plan of care alerts 3 (25) 3 (25) 6 (50) 2.25 ± 0.86 Discuss

24 Care reminder (reminders to order a diagnostic or
therapeutic procedure based on patient’s parameters)

3 (25) 7 (58.3) 2 (16.7) 1.91 ± 0.66 Discuss

25 Look-alike/sound-alike medication warning 2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 Discuss

26 Time-based alerts that an order has not been fully carried out 1 (8.3) 3 (25) 8 (66.7) 2.58 ± 0.66 Selected

27 Problem list management 5 (41.7) 4 (33.3) 3 (25) 1.83 ± 0.83 Discuss

28 Polypharmacy alerts (suggesting consultant pharmacist) 5 (41.7) 5 (41.7) 2 (16.7) 1.75 ± 0.75 Discuss

29 Chemotherapy prescription clinical decision-support
systems

7 (58.3) 3 (25) 2 (16.7) 1.58 ± 0.79 Discuss

30 Computerized decision support on antibiotic use 3 (25) 2 (16.7) 7 (58.3) 2.33 ± 0.88 Discuss

31 Alert for the use of thrombolytic prophylaxis 1 (8.3) 3 (25) 8 (66.7) 2.58 ± 0.66 Selected

Order Facilitator

32 Medication order sentences. medication or test order set - 5 (45.5) 6 (54.5) 2.54 ± 0.52 Discuss

33 Subsequent or corollary orders 1 (9.1) 3 (27.3) 7 (63.6) 2.54 ± 0.68 Discuss

34 Service-specific order sets 4 (36.4) 3 (27.3) 4 (36.4) 2.00 ± 0.89 Discuss
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35 Condition-specific order sets 3 (27.3) 4 (36.4) 4 (36.4) 2.09 ± 0.83 Discuss

36 Procedure-specific order sets 2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 Discuss

37 Condition-specific treatment protocol 1 (8.3) 7 (58.3) 4 (33.3) 2.25 ± 0.62 Discuss

38 Admission/transfer order set 4 (33.3) 3 (25) 5 (41.7) 2.08 ± 0.90 Discuss

Relevant Information Display

39 Context sensitive information retrieval 2 (16.7) 4 (33.3) 6 (50) 2.33 ± 0.77 Discuss

40 Patient specific relevant data display 2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 Discuss

41 Medication/test cost display 4 (33.3) 5 (41.7) 3 (25) 1.91 ± 0.79 Discuss

42 Decision for detecting unnecessary Laboratory test order 6 (50) 2 (16.7) 4 (33.3) 1.83 ± 0.93 Discuss

43 Prediction of test abnormalities 3 (25) 5 (41.7) 4 (33.3) 2.08 ± 0.79 Discuss

44 Test cost display 5 (41.7) 5 (41.7) 2 (16.7) 1.75 ± 0.75 Discuss

45 decision for detecting duplicated test orders 3 (25) 1 (8.3) 8 (66.7) 2.41 ± 0.90 Selected

CDSS During Imaging Order

46 Indication appropriateness imaging order 4 (33.3) 4 (33.3) 4 (33.3) 2.00 ± 0.85 Discuss

47 Diagnostic imaging cost display 5 (41.7) 6 (50) 1 (8.3) 1.66 ± 0.65 Discuss

48 Clinical decision-making tools for exam selection 5 (41.7) 5 (41.7) 2 (16.7) 1.75 ± 0.75 Discuss

49 Real-time computerized duplicate Diagnostic imaging order
alert

3 (25) 2 (16.7) 7 (58.3) 2.33 ± 0.88 Discuss

50 Display radiation dose during order 4 (33.3) 4 (33.3) 4 (33.3) 2.00 ± 0.85 Discuss

CDSS During Blood Bank Ordering

51 Real-time clinical decision support for red blood cell 5 (41.7) 2 (16.7) 5 (41.7) 2.00 ± 0.95 Discuss

52 Real-time clinical decision support for decreased
inappropriate plasma transfusion

5 (41.7) 2 (16.7) 5 (41.7) 2.00 ± 0.95 Discuss

53 Real-time clinical decision support systems for platelet and
cryoprecipitate order

4 (33.3) 2 (16.7) 6 (50) 2.16 ± 0.93 Discuss

Potential Expert System During Medical Order

54 Antibiotic suggestions based on patient’s history, Gram stain
results on antimicrobial therapy, culture results, and
patient’s characteristics

3 (25) 4 (33.3) 5 (41.7) 2.16 ± 0.83 Discuss

55 Ventilator suggestions based on patient-specific blood gas
readings and current condition

5 (41.7) 4 (33.3) 3 (25) 1.83 ± 0.83 Discuss

56 Tools, calculators, guidelines, and protocols for ordering
total parenteral nutrition (TPN), enteral nutrition or other
alimentation procedures

1 (8.3) 5 (41.7) 6 (50) 2.41 ± 0.66 Discuss

Potential Workflow Support

57 Automatic termination of orders after a fixed period of time 3 (25) 5 (41.7) 4 (33.3) 2.08 ± 0.79 Discuss

58 Logic Applying and route orders for special approval based
on order type, order provider, or patient’s characteristics

2 (16.7) 4 (33.3) 6 (50) 2.33 ± 0.77 Discuss

59 Parsing tools to translate free-text orders into structure
representations

5 (41.7) 2 (16.7) 5 (41.7) 2.00 ± 0.95 Discuss

Others

60 Providers were prompted at order entry to specify the
indication for urinary catheter insertion

2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 Discuss

Health Scope. 2021; 10(1):e104607. 11



Karajizadeh M et al.

Table 4. Clinical Decision Support Survey Results (Round 2)

Potential Clinical Decision Support for Medication
Orders

Low
Priority,
No. (%)

Medium
Priority,
No. (%)

High
Priority,
No. (%)

Total Priority Score, Mean ±
SD

Sum
Response

1 Maximum daily dose checking 1 (8.3) 5 (41.7) 6 (50) 2.41 ± 0.66 29

2 Maximum lifetime dose checking 1 (8.3) 4 (33.3) 7 (58.3) 2.50 ± 0.67 30

3 Default doses/pick lists 2 (16.7) 4 (33.3) 6 (50) 2.33 ± 0.77 28

4 Indication-based dosing (7.5 mg methotrexate once
weekly for rheumatoid)

3 (25) 3 (25) 6 (50) 2.25 ± 0.86 27

5 decision supporting for recommended route of
administration (oral or intravenous routes)

3 (25) 4 (33.3) 5 (41.7) 2.16 ± 0.83 26

6 Formulary decision support (drugs covered by
hospital or patient’s insurance)

4 (33.3) 3 (25) 5 (41.7) 2.08 ± 0.90 25

7 Drug-drug interaction checking - 3 (25) 9 (75) 2.75 ± 0.45 33

8 Drug-herb interaction checking 2 (16.7) 6 (50) 4 (33.3) 2.16 ± 0.71 26

9 Intelligent dosing guidance (based on patient’s
characteristics)

2 (16.7) 2 (16.7) 8 (66.7) 2.50 ± 0.79 30

10 Renal-drug problem checking 1 (8.3) 1 (8.3) 10 (83.3) 2.75 ± 0.62 33

11 Drug-food interaction checking 2 (16.7) 9 (75) 1 (8.3) 1.91 ± 0.51 23

12 Drug-lab alert 2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 27

13 Drug-disease interactions and contraindications
checking

3 (25) 1 (8.3) 8 (66.7) 2.41 ± 0.90 29

14 Decision supporting drug prescription during
breastfeeding

2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 29

15 Drug-patient age checking 1 (8.3) 9 (75) 2 (16.7) 2.08 ± 0.51 25

16 Support for optimal drug selection based on
indication

2 (16.7) 8 (66.7) 2 (16.7) 2.00 ± 0.60 24

17 Plan of care alerts (reminders to reassess the need for
restraints and reorder if necessary at least every 24 h).

1 (8.3) 6 (50) 5 (41.7) 2.33 ± 0.65 28

18 Reminders to order a diagnostic or therapeutic
procedure based on patient’s parameters

1 (9.1) 6 (54.5) 4 (036.4) 2.27 ± 0.64 25

19 Look-alike/sound-alike medication warning 1 (8.3) 4 (33.3) 7 (58.3) 2.50 ± 0.67 30

20 Problem list management 2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 27

21 Polypharmacy alerts (suggest consultant pharmacist) - 7 (58.3) 5 (41.7) 2.41 ± 0.51 29

22 Chemotherapy prescription clinical decision-support
systems

3 (25) 5 (41.7) 4 (33.3) 2.08 ± 0.79 25

23 Computerized decision support on antibiotic use - 7 (58.3) 5 (41.7) 2.41 ± 0.51 29

Order Facilitator

24 Medication order sentences/medication or test order
set

3 (25) 5 (41.7) 4 (33.3) 2.08±0.79 25

25 Subsequent or corollary orders 1 (8.3) 5 (41.7) 6 (50) 2.41 ± 0.66 29

26 Service-specific order sets (25)3 5 (41.7) 4 (33.3) 2.08 ± 0.79 25

27 Condition-specific order sets 2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 27

28 Procedure-specific order sets 1 (8.3) 6 (50) 5 (41.7) 2.33 ± 0.65 28

29 Condition-specific treatment protocol 3 (25) 6 (50) 3 (25) 2.00 ± 0.73 24

30 Transfer order set 2 (16.7) 8 (66.7) 2 (16.7) 2.00 ± 0.60 24

Relevant Information Display

12 Health Scope. 2021; 10(1):e104607.



Karajizadeh M et al.

31 Context sensitive information retrieval 2 (16.7) 7 (58.3) 3 (25) 2.08 ± 0.66 25

32 Patient specific relevant data display 1 (8.3) 7 (58.3) 4 (33.3) 2.25 ± 0.62 27

33 Medication/test cost display 1 (8.3) 2 (16.7) 9 (75) 2.66 ± 0.65 32

34 Decision support for detecting unnecessary
laboratory test order

2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 29

35 Prediction of test abnormalities 2 (16.7) 7 (58.3) 3 (25) 2.08 ± 0.66 25

36 Test cost display 2 (16.7) 5 (41.7) 5 (41.7) 2.25 ± 0.75 27

CDSS During Image Orders

37 Indication appropriateness imaging order 3 (25) 7 (58.3) 2 (16.7) 1.91 ± 0.66 23

38 Diagnostic imaging cost display 5 (41.7) 5 (41.7) 2 (16.7) 1.75 ± 0.75 21

39 Clinical decision-making tools for exam selection 5 (41.7) 5 (41.7) 2 (16.7) 1.75 ± 0.75 21

40 Real-time computerized duplicate diagnostic imaging
order alert

5 (41.7) 2 (16.7) 5 (41.7) 2.00 ± 0.95 24

41 Display radiation dose during order 5 (41.7) 5 (41.7) 2 (16.7) 1.75 ± 0.75 21

CDSS During Blood Bank Order

42 Real-time clinical decision support for red blood cell 3 (25) 7 (58.3) 2 (16.7) 1.91 ± 0.66 23

43 Real-time clinical decision support decreases
inappropriate plasma transfusion

3 (25) 7 (58.3) 2 (16.7) 1.91 ± 0.66 23

44 Real-time clinical decision support systems for
platelet and cryoprecipitate order

2 (16.7) 7 (58.3) 3 (25) 2.08 ± 0.67 25

Expert System

45 Antibiotic suggestions based on patient history,
hospital antibiotic gram, culture results, and patient
characteristics

2 (16.7) 3 (25) 7 (58.3) 2.41 ± 0.79 29

46 Ventilator suggestions based on patient-specific blood
gas readings and current condition

6 (50) 4 (33.3) 2 (16.7) 1.66 ± 0.77 20

47 Tools, calculators, guidelines, and protocols for
ordering total parenteral nutrition (TPN), enteral
nutrition or other alimentation procedures)

2 (16.7) 7 (58.3) 3 (25) 2.08 ± 0.66 25

Workflow Support

48 Automatic termination of orders after a set period of
time

1 (8.3) 5 (41.7) 6 (50) 2.41 ± 0.66 29

49 Applying logic and route orders for special approval
based on order type, ordering provider, or patient’s
characteristics.

1 (8.3) 6 (50) 5 (41.7) 2.33 ± 0.65 28

50 Parsing tools to translate free-text orders into
structure representations

2 (16.7) 9 (75) 1 (8.3) 1.91 ± 0.51 23

Others

51 Providers were prompted at order entry to specify the
indication for urinary catheter insertion

- 8 (66.7) 4 (33.3) 2.33 ± 0.49 28
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