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ABSTRACT

Objective: Computerized clinical decision support systems (CCDSSs) promise improvements in care quality; how-
ever, uptake is often suboptimal. We sought to characterize system use, its predictors, and user feedback for the
Electronic Asthma Management System (eAMS)—an electronic medical record system-integrated, point-of-care
CCDSS for asthma—and applied the GUIDES checklist as a framework to identify areas for improvement.
Materials and Methods: The eAMS was tested in a 1-year prospective cohort study across 3 Ontario primary
care sites. We recorded system usage by clinicians and patient characteristics through system logs and chart
reviews. We created multivariable models to identify predictors of (1) CCDSS opening and (2) creation of a self-
management asthma action plan (AAP) (final CCDSS step). Electronic questionnaires captured user feedback.
Results: Over 1 year, 490 asthma patients saw 121 clinicians. The CCDSS was opened in 205 of 1033 (19.8%) vis-
its and an AAP created in 121 of 1033 (11.7%) visits. Multivariable predictors of opening the CCDSS and produc-
ing an AAP included clinic site, having physician-diagnosed asthma, and presenting with an asthma- or
respiratory-related complaint. The system usability scale score was 66.3 = 16.5 (maximum 100). Reported usage
barriers included time and system accessibility.

Discussion: The eAMS was used in a minority of asthma patient visits. Varying workflows and cultures across
clinics, physician beliefs regarding asthma diagnosis, and relevance of the clinical complaint influenced uptake.
Conclusions: Considering our findings in the context of the GUIDES checklist helped to identify improvements
to drive uptake and provides lessons relevant to CCDSS design across diseases.
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INTRODUCTION pharmacotherapeutic and nonpharmacotherapeutic ~strategies.®
However, up to 59% of patients with asthma remain poorly con-

Background and Significance trolled.*” This discrepancy is largely attributable to gaps between

Asthma is a chronic disease affecting 334 million people globally,' evidence-based asthma guidelines and real-world practice.>™1°

with a U.S. annual economic burden exceeding $80 billion in 2013.2 With the growing use of electronic medical record (EMR) systems,

Asthma can be effectively controlled in most patients by combining integrated, point-of-care computerized clinical decision support sys-
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tems (CCDSSs) have been promoted as a promising strategy for im-
proving health care quality. Systematic reviews have shown CCDSSs
to be effective in improving practitioner performance''~'%; however,
simply developing and providing such technology does not ensure its
uptake. CCDSS uptake is variable and often suboptimal,*>*¢ and pre-
dictors of uptake are poorly defined.'® Resultantly, it is difficult to de-
termine the optimal CCDSS design and implementation strategy to
maximize uptake and performance outcome.

OBJECTIVE

To address asthma care gaps, we developed and tested the Electronic
Asthma Management System (eAMS)—a point-of-care CCDSS.
Herein, we aimed to describe the nature and frequency of system us-
age, predictors of usage, and clinician feedback. Applying these
data, we sought to evaluate the eAMS using the recently published
GUIDES checklist—an instrument designed to support successful
CCDSS implementation—as a framework to identify areas for sys-
tem improvement.17

MATERIALS AND MIETHODS

Study setting

We conducted a prospective cohort study, measuring use of the
eAMS over 12 months in a convenience sample of 3 primary care
sites: 2 academic family health teams in Hamilton, Ontario, Canada
(population: 536 917) (sites 1 and 2), and 1 nonacademic,
community-based team in Brampton, Ontario, Canada (population:
593 638) (site 3).'® All clinics used the OSCAR EMR system (http://
oscarcanada.org), were under a capitated funding model, and had
no asthma educators on site. The study protocol was approved by
the St. Michael’s Hospital Research Ethics Board (REB 10-052) and
the McMaster Research Ethics Board (REB 11-363), and each clini-
cian provided written informed consent. A champion primary care
physician at each site invited all physicians and nurse practitioners
(NPs) to participate. The intervention was available to each consent-
ing clinician’s patients with asthma >16 years of age. Patients with
asthma were identified by running a validated EMR system search
algorithm'® on each consenting clinician’s patient roster list, and
then asking each clinician to vet the generated list for omissions or
errors.

System design
Key asthma care gaps include (1) failure to assess asthma control
according to guideline criteria (to identify poorly controlled patients
requiring more intensive management), (2) inadequate guideline-
based pharmacotherapy adjustment for current control level, and
(3) failure to produce a self-management asthma action plan
(AAP)—an individualized plan created by a healthcare provider that
outlines strategies for self-managing acute loss of asthma con-
trol 8:20:21

The eAMS consists of 3 components: (1) a patient-facing tablet-
based questionnaire that collects asthma-related information, (2) an
EMR notification that alerts clinicians if patient recommendations
are available, and (3) an EMR-integrated 5-screen CCDSS. All
actions are also documented in an automatically transcribed chart
note.

Patient questionnaire

Patients with asthma (identified through the search algorithm, as
previously described)!® were instructed to complete the 5- to 10-
minute questionnaire on a tablet device provided by a receptionist
or liaison in the clinic waiting room before their visit. The question-
naire assessed the patient’s asthma control level (using guideline-
recommended symptom-based criteria)*'; medication use (including
dose/frequency); and details required to personalize the AAP (eg, pa-
tient-specific symptoms, activities, triggers, allergies). An embedded
message also asked patients to prompt the clinician to provide the
AAP (the AAP was described as a 1-page, personalized document
providing instructions on what to do if their asthma got worse [ie,
patient-mediated behavior change]).?? Before launch, the question-
naire’s content and usability were evaluated and optimized through
serial focus group testing involving asthma patients with varying
touch-device experience.”>>*

EMR notification

Upon opening the EMR chart, a notification appeared automatically
and alerted the clinician to the patient’s asthma status. If a patient
had not completed the questionnaire, the notification simply
reminded the clinician to have the patient complete it; if they had
completed it, it indicated the patient’s asthma control level and in-
vited the clinician to click therein to open the CCDSS (which was
available for 28 days after each time the patient completed the ques-
tionnaire) (Figure 1). This notification disappeared automatically af-
ter 10 seconds, or could be dismissed immediately with 1 click.
However, the system remained accessible through a widget on the
EMR screen.

Computerized clinical decision support system

As eAMS access was chart-based, the CCDSS was available for use
by any clinician who saw any patient with asthma >16 years of age
(patients occasionally see clinicians other than their most responsi-
ble physician [MRP] for urgent issues).

Screen 1 of the CCDSS presented asthma control criteria (includ-
ing a calculated control status) and medication use as indicated in
the patient questionnaire. Clinicians were asked either to click to
confirm or to update the patient’s current medications using drop-
down menus. Screen 2 presented guideline-based recommendations
for escalating or de-escalating therapy (based on asthma control
level and medication[s] confirmed in screen 1), according to the Ca-
nadian Asthma Guidelines.?! Again, buttons allowed clinicians to
confirm or reject recommendations altogether, and drop-down fields
allowed clinicians to alter recommendations, including eliminating
or adding new medications. Screen 3 presented evidence-based ther-
apeutic adjustment recommendations for acute loss of asthma con-
trol (ie, the AAP “Yellow Zone”).>® Clinicians could accept
recommendations with 1 click, choose to defer the AAP process and
close the window immediately, or adjust recommended medica-
tion(s) using drop-down fields. Screen 4 displayed the auto-
generated personalized AAP, including both patient-entered specifi-
cations from the questionnaire and all medications approved by the
clinician in the CCDSS. Clinicians could make text edits and click to
defer approval or approve and save the AAP. A concluding screen 5
provided a reminder to print and deliver the newly approved AAP,
and to provide patients with any required prescriptions, a follow-up
appointment, and a preprinted sticky note with a URL to a self-
directed asthma education website. See Figure 1 for CCDSS screen-
shots.
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Figure 1. Computerized clinical decision support system (CCDSS) screenshots. (A) Upon opening the patient’s electronic chart in OSCAR, the clinician is presented
with a notification which describes the patient’s asthma control level and prompts the clinician to click to open the CCDSS. (B) Screen 1 presents the patient’s asthma
control level and allows the clinician to use drop-down menus to confirm current medications, as entered by the patient in the questionnaire. (C) Screen 2 provides a
guideline-based recommendation for any required changes to baseline medications. (D) Screen 3 provides a guideline-based recommendation for “step-up” therapy
for acute loss of asthma control (the action to take in the asthma action plan “yellow zone"”). (E) Screen 4 presents the clinician with an auto-generated asthma action
plan based on patient input in the questionnaire and the medications approved in screens 2 and 3. (F) Screen 5 confirms that the CCDSS has been completed and
prompts the clinician to provide the patient with the asthma action plan, any new required prescriptions, educational resources, and a follow-up appointment.
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Upon closing the CCDSS, a chart note detailing all actions and
required prescriptions was auto-written to the EMR and the AAP
was saved as a chart document, from where it could be printed
(patients with a personalized health record also automatically re-
ceived an electronic copy). If the chart was opened by someone other
than the MRP, the MRP received an automated email the next
morning that described the patient’s control status and all CCDSS
actions taken (if any), and prompted any remaining actions.

CCDSS logic was developed through a review of asthma guide-
lines,?® systematic development of evidence-based rules for AAP
auto-population,”* and application of latest evidence to optimize the
implementability of provided guidance.?” The AAP populated by the
CCDSS was built through systematic evaluation of existing AAPs,*
multiple-stakeholder wiki-based collaborative editing, and usability
optimization.?”*® A prototype CCDSS user interface was initially
developed by content experts on the research team (including a pri-
mary care physician). This interface was then improved through se-
rial feedback from the 3 primary care site leads. The OSCAR EMR
integrations (EMR notification, automated chart note, automated
email) were developed collaboratively with 1 site lead who was an
OSCAR EMR expert and improved through serial feedback from
the other 2 primary care site leads. This process involved (1) acquir-
ing and incorporating feedback on the content of each CDSS screen
through serial iteration (through email and teleconferences), (2) ac-
quiring and incorporating feedback on the format and usability of
each CDSS screen by presenting users with low-fidelity prototypes
that were then serially iterated (through in-person meetings), (3) de-
veloping each OSCAR EMR integration element (EMR notification
[content wording]; pop-up size, location, and functionality; auto-
mated chart note [timing of release to chart, content wording]; auto-
mated email [triggers for release, timing of release, content
wording]) collaboratively with a site lead and an OSCAR program-
mer (through in-person meetings), and (4) acquiring and incorporat-
ing feedback on each OSCAR EMR integration element from the
other 2 primary care site leads through serial iteration (through
email and teleconferences).

System implementation

We provided 2-4 orientation presentations to clinicians at each site
(at established clinic rounds and meetings) before launch and 2-3 ad-
ditional presentations at each site within 6-12 months after launch,
owing to clinician turnover (particularly resident turnover at aca-
demic sites). One week before launch, all clinicians received a pam-
phlet explaining eAMS features and an email link to a study website
including an online user guide, FAQs, a downloadable and printable
brochure, and educational videos. This link was re-sent 4 months af-
ter launch. Clinicians were also emailed monthly usage statistics
highlighting the user who created the most AAPs at each site. We en-
couraged clinicians to send study personnel any questions about the
system and to report any glitches requiring repair.

Data collection and outcomes

We reviewed all clinic visits by medical doctors (MDs), residents,
NPs, or physician assistants (PAs) during which an EMR notifica-
tion prompting decision support action was delivered (ie, all ambu-
latory clinic outpatient visits involving a patient with asthma >16
years of age who had completed the questionnaire). The eAMS
recorded all clinician actions in the CCDSS. Additional data were
collected through an electronic chart audit. Data were entered in a
standardized Excel database.

The primary outcome was system usage, defined as (1) the pro-
portion of visits in which the decision support was opened (first step
of the CCDSS) and (2) the proportion of visits in which an AAP was
produced (final CCDSS action). We abstracted the following varia-
bles, determined a priori, as possible usage predictors: clinic; visit
time; presenting complaint type; appointment provider type (MD,
NP, PA, or resident, and MRP vs non-MRP); whether the patient
had an objective or documented clinical diagnosis of asthma, a prior
emergency department visit, or hospitalization for asthma; and the
patient’s current asthma control level according to questionnaire
responses. We also modeled physician sex and years in practice.>!
We measured the proportion of clinicians who used the CCDSS at
least once, patients who had the CCDSS opened at least once, and
patients on an asthma controller mediation who received an AAP.
We analyzed clinician behavior in each CCDSS screen and whether
clinicians created new prescriptions when required. At the study’s
conclusion, we invited clinicians to provide system feedback through
an online survey including Likert-scale questions, open-ended ques-
tions, and the system usability scale (SUS).>

Analysis

The probabilities of the CCDSS opening and AAP production were
fit using a generalized estimating equation, to account for patients
who had multiple visits during the study period. Included variables
are described previously. After testing for univariable associations,
we used a backward selection algorithm to determine the final mul-
tivariable models. All variables were entered into the model and re-
moved stepwise until only variables significant at P <.05 remained.
All P values are 2-sided and assessed at P <.05 unless otherwise
stated. Clinician behavior in each CCDSS screen, feedback, and SUS
scores®® are described through proportions and means. Statistical
analyses were performed using R version 3.4.3 (R Foundation for
Statistical Computing, Vienna, Austria).>*

RESULTS

We approached 37 physicians and 3 NPs to participate in our study,
and successfully recruited (and received permission for chart analy-
sis) from 18 of 37 (48.6%) physicians and 1 of 3 (33.3%) NPs.
Among these 19 recruited clinicians, there were 490 patients with
asthma who had eligible visits (visits in which an EMR notification
prompting decision support action was delivered). Because patients
are often seen by clinicians other than their MRP, these 490 patients
were seen by 121 different clinicians during the study period: 42
MDs (31 [73.8%] women; in practice for 17.3 = 12.2 [range, 2-52]
years), 14 NPs, 3 PAs, and 62 residents, with more than 1033 eligi-
ble visits. The median number of visits per patient was 1 (range, 1-
13).

System usage

Clinicians opened the CCDSS in 205 of 1033 (19.8%) possible
instances in which CCDSS recommendations were available, includ-
ing 139 (67.8%) times on the day of the patient visit, and 20 (9.8%)
times 1 day subsequent to the visit. Among these 1033 instances, an
AAP was produced 121 (11.7%) times. During the study period,
each clinician opened the CCDSS at least once, and 168 of 490
(34.3%) patients had their decision support opened at least once as
part of their care. Figure 2 shows clinician progression and behavior
in each CCDSS screen.
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Visits with CCDSS Notification Appearing
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Closed the CCDSS at screen 1
(n=28)(3.9%)

Confirmed medications (n = 193)
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.

CCDSS screen 2 reached
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‘ L

Closed the CCDSS at screen 2
(n=25)(13.0%)

Agreed with medication change recommendation (n = 102) (54.5%) "
Disagreed with recommendation and entered another option (n = 13) (7.0%)"
Disagreed with recommendation and left treatment unchanged (n = 47) (25.1%)"

No recommendation available (n = 6)

:

CCDSS screen 3 reached
(n=168) (87.0% from screen 2)

Closed the CCDSS at screen 3

(n = 35) (20.8%)

Agreed with yellow zone medication recommendation (n = 115) (68.5%)
Disagreed with recommendation and entered another option (n = 2) (1.2%)
Disagreed and simply removed the recommended medication (n = 16) (9.5%)

!

CCDSS screen 4 reached
(n=128) (78.5% from screen 3)°

Deferred AAP approval at screen 4

(n=7) (5.5%)

Approved and saved the AAP
(n=121) (94.5% from screen 4)

Figure 2. Clinician flow through the computerized clinical decision support system (CCDSS) and behavior in each screen. 2Denominator does not include the 4
instances in which the clinician clicked the “patient does not have asthma” button in screen 1, as the system closed the window immediately in these cases. "De-
nominator does not include the 6 instances in which the CCDSS was unable to make medication change recommendations. “Does not count 5 visits in which the
system could not generate an asthma action plan because the clinician had removed the recommended yellow zone controller medication, and the patient was

not on a reliever medication. AAP: asthma action plan.

Among 116 visits in which the approved “green zone” medica-
tion (the “green zone” of the AAP describes the baseline stable state
in which the patient’s asthma is under control) or “yellow zone”
medication (the “yellow zone” describes a period of asthma worsen-
ing requiring a step-up in therapy) in the CCDSS required a new pre-
scription, clinicians generated the prescription(s) in only 43 (37.1%)
cases.

Predictors of system usage
Univariate predictors of opening the CCDSS and producing an AAP
are presented in Tables 1 and 2, respectively. After backward vari-

able selection, the following predictors of opening the CCDSS
remained in the multivariable model: clinic site (site 2 vs site 1 [odds
ratio (OR), 2.28; 95% CI, 1.36-3.82]; site 3 vs site 1 [OR, 2.86;
95% CI, 1.95-4.22]), having a physician diagnosis of asthma (OR,
1.84; 95% CI, 1.18-2.86), and nature of presenting complaint
(asthma vs nonrespiratory [OR, 3.21; 95% CI, 1.83-5.64]; respira-
tory [nonasthma] vs nonrespiratory [OR, 3.36; 95% CI, 2.17-
5.20]). Similarly, multivariable model predictors of producing an
AAP were clinic site (site 2 vs site 1 [OR, 3.41; 95% CI, 1.73-6.72];
site 3 vs site 1 [OR, 4.67; 95% CI, 2.90-7.52]), having a physician
diagnosis of asthma (OR, 3.87; 95% CI, 1.95-7.71), and nature of
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Table 1. Univariable predictors of clinicians opening the CCDSS

Did not open CCDSS (7 =828 visits) Opened CCDSS (72 =205 visits) Odds ratio (95% CI) P value

Primary care clinic

Site 1 536 (87.0)
Site 2 118 (76.1)
Site 3 174 (66.4)

Appointment provider type
Physician 389 (76.4)
Nurse practitioner 63 (71.6)
Physician assistant 35(70.0)
Resident 341 (88.3)

Objective diagnosis of asthma
Yes 124 (78.5)
No 704 (80.5)

Physician diagnosis of asthma
Yes 598 (77.8)
No 230 (87.1)

Presenting complaint
Nonrespiratory 711 (85.6)
Asthma 39 (56.5)
Respiratory (nonasthma) 78 (58.6)

Years in practice® 14.5 (2-33)

Appointment provider sex®
Female 263 (74.5)
Male 126 (80.8)

Previous ED visit or hospitalization for asthma
Yes 57 (74.0)
No 771 (80.6)

Seen by the MRP
Yes 272 (76.2)
No 556 (82.2)

Asthma controlled®
Yes 342 (83.8)
No 478 (77.9)

Time of visit®
After regular hours 17 (56.7)
During regular hours 157 (67.7)

80 (13.0)
37(23.9) 2.22(1.37-3.58)  .001
88 (33.6) 3.49 (2.36-5.14)  <.001
120 (23.6)

25 (28.4) 1.26 (0.74-2.12) 40
15 (30.0) 1.30 (0.68-2.48) 43
45 (11.7) 0.46 (0.32-0.65)  <.001
34 (21.5)

171 (19.5) 0.85 (0.53-1.37) 52
171 (22.2)

34 (12.9) 0.53(0.35-0.80)  .003
120 (14.4)

30 (43.5) 4.15(2.34-7.34)  <.001
55(41.4) 3.97 (2.59-6.08)  <.001
16 (2-52) 1.00 (0.98-1.02) 78
90 (25.5)

30 (19.2) 0.72 (0.44-1.17) 18
20 (26.0)

185 (19.4) 0.68 (0.37-1.23) 21
85(23.8)

120 (17.8) 0.72 (0.54-0.98)  .035
66 (16.2)

136 (22.1) 1.46 (1.04-2.04)  .029
13 (43.3)

75 (32.3) 0.69 (0.29-1.63) 40

Values are 7 (%) or mean (range), unless otherwise indicated.

CCDSS: computerized clinical decision support system; CI: confidence interval; ED: emergency department; MRP: most responsible physician.

“Includes physicians only.
Asthma control status was missing in 11 visits.
“Includes site 3 only.

presenting complaint (asthma vs nonrespiratory [OR, 4.15; 95% CI,
2.20-7.82]; respiratory [nonasthma] vs nonrespiratory [OR, 4.14;
95% CI, 2.48-6.89]).

Clinician feedback
We received feedback questionnaires from 12 of 19 (63.2%) con-
senting clinicians. The SUS score was 66.3 * 16.5 (maximum score
100). Likert-type scale question responses are presented in Figure 3.
In open-ended questions, the most useful reported features in-
cluded medication images for patients in the questionnaire, integra-
tion of CCDSS notifications within the EMR, the opportunity to
clarify medication adherence with patients, medication-related deci-
sion support, and the auto-generated AAP. Clinicians also reported
that the system enabled them to identify patients with previously
unrecognized poor asthma control (8 of 12 [66.7%] clinicians) and
nonadherence to asthma medications (11 of 12 [91.7%] clinicians).
Reported barriers to system use included inability to access the sys-

tem for newly diagnosed patients, process issues related to the pa-
tient questionnaire (tablets running out of power, failure of clinic
staff to provide patients with the questionnaire, insufficient tablet
devices for patients in clinic), futility of CCDSS recommendations in
patients who could not afford controller medications, and insuffi-
cient time to address the CCDSS (particularly if patients presented
with nonrespiratory complaints that needed attention). Only 5 of 12
(41.7%) physicians reported scheduling an appointment specifically
to address CCDSS recommendations.

DISCUSSION

Our complex asthma CCDSS was opened in only 20% of visits,
with the final step, AAP approval, completed in only 12% of visits.
We identified predictors of system usage at the clinic, patient, and
visit levels.
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Table 2. Univariable predictors of clinicians producing an AAP

No AAP made (1 =912 visits) AAP made (n=121 visits) QOdds ratio (95% CI) P-value

Primary care clinic

Site 1 582 (94.5) 34 (5.5)

Site 2 132 (85.2) 23 (14.8) 3.09 (1.67-5.72) <.001

Site 3 198 (75.6) 64 (24.4) 5.68(3.51-9.18) <.001
Appointment provider type

Physician 445 (87.4) 64 (12.6)

Nurse practitioner 67 (76.1) 21(23.9) 2.08 (1.16-3.70) 013

Physician assistant 41 (82.0) 9 (18.0) 1.45 (0.62-3.41) .39

Resident 359 (93.0) 27(7.0) 0.55(0.35-0.87) .01
Objective diagnosis of asthma

Yes 137 (86.7) 21(13.3)

No 775 (88.6) 100 (11.4) 0.82(0.48-1.39) 46
Physician diagnosis of asthma

Yes 659 (85.7) 110 (14.3)

No 253(95.8) 11 (4.2) 0.26 (0.13-0.50) <.001
Presenting complaint

Nonrespiratory 772 (92.9) 59 (7.1)

Asthma 46 (66.7) 23(33.3) 6.00 (3.11-11.60) <.001

Respiratory (nonasthma) 94 (70.7) 39 (29.3) 5.17 (3.15-8.49) <.001
Years in practice® 13 (2-33) 16 (2-52) 0.99 (0.96-1.01) 123
Appointment provider sex®

Female 305 (86.4) 48 (13.6)

Male 140 (89.7) 16 (10.3) 0.72 (0.39-1.36) .32
Previous ED visit or hospitalization for asthma

Yes 69 (89.6) 8(10.4)

No 843 (88.2) 113 (11.8) 1.00 (0.44-2.22) 996
Seen by the MRP

Yes 310 (86.8) 47(13.2)

No 602 (89.1) 74 (10.9) 0.83 (0.56-1.20) 31
Asthma controlled®

Yes 377 (92.4) 31(7.6)

No 524 (85.3) 90 (14.7) 1.98 (1.25-3.16) .004
Time of visit®

After regular hours 26 (86.7) 4 (13.3)

During regular hours 172 (74.1) 60 (25.9) 2.23(0.75-6.67) 15

Values are n (%) or mean (range), unless otherwise indicated.

AAP: asthma action plan; CI: confidence interval; ED: emergency department; MRP: most responsible physician.

“Includes physicians only.
Asthma control status was missing in 11 visits.
“Includes site 3 only.

CCDSSs are considered a promising strategy to improve guide-
line adherence and care quality by bridging evidence-to-practice
gaps.'>** However, impacts on clinician behavior change have gen-
erally been modest, with poor system uptake being a major impedi-
ment to realizing purported benefits, particularly in primary
care.""3¢ Reported uptake of CCDSSs addressing asthma has been
similarly disappointing. For example, Kuilboer et al®>” reported phy-
sician uptake of an asthma management critiquing system in only
7.3% of visits and Tamblyn et al*® reported physicians accessing a
comprehensive asthma CCDSS in only 10.3% of visits. Authors of a
systematic review of asthma CCDSSs concluded that “current
CCDSSs are unlikely to result in improved outcomes in asthma be-
cause they are rarely used.”>’

Our multivariable model identified 3 predictors of both initial
system access and completion. The first was clinic site. Although im-
plementation approach and system functionality were identical
across clinics, variation in clinician workflows, priorities, and sys-
tem perceptions may have influenced uptake. Baseline variations in

asthma care quality were also demonstrated across these clinics,
likely for similar reasons.”® A documented clinician diagnosis of
asthma in the chart also predicted higher system use. This is unsur-
prising, as clinicians likely documented asthma in cases that were
more active or “clinically relevant.” Finally, usage was higher when
patients presented with respiratory complaints, and particularly
when asthma was the primary complaint. Again, this is unsurprising
since such patients would receive immediate benefit from decision
support and respiratory issues were central to the visit rather than
an additional burden. This finding is compatible with that of Tamb-
lyn et al,®® whose asthma CCDSS was accessed in 39.5% of visits
for “out-of-control” asthma, compared with 5.3% of visits for “in-
control” asthma.

Several authors have evaluated factors predicting CCDSS suc-
cess. Contextualizing our findings, including quantitative predictors
and user feedback, into an established framework for CCDSS suc-
cess can provide further insight into possible causes of suboptimal
usage, and corresponding solutions. The recently released GUIDES
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The eAMS usually identified the correct patients for asthma-related decision support? 9.1% 90.9%
Participating patients often mentioned that they did the questicnnaire and asked me to follow-up 16.7%

| found it easy to access asthma decision support from the eAMS notification or the eAMS widget

in OSCAR

| found the patients' current asthma control criteria, provided by eAMS, to be helpful in managing

their asthma
The eAMS decision support was easy to understand

| found medication change recommendations provided by eAMS to be helpful in managing my
patients’ asthma

| found the eAMS-generated AAP to be beneficial to the patient
| found the automated eAMS-generated chart note to be a helpful documentation tool
The eAMS decision support process was too time consuming

The eAMS recommendations were only relevant when patients presented with respiratory
complaints

m Disagree

75.0%
66.7%
75.0%

50.0%

75.0%

33.3%

Neutral mAgree

Figure 3. Clinician user feedback on the Electronic Asthma Management System(eAMS) (n=12). ?Only 11 users provided a response to this question. AAP:

asthma action plan.

checklist was designed to optimize chances of successful CCDSS im-
plementation, developed through a comprehensive systematic review
of the literature and an expert panel review and user consultation.'”
This tool divides key components into: an enabling context; appro-
priate content; an effective system; and effective implementation.'”
Although the eAMS fulfills most GUIDES elements (Supplementary
Table 1), it is worth considering how our findings correlate with
checklist elements, particularly focusing on areas that were lacking.
This can provide guideposts for future system improvements, and
the process itself may serve as a useful example for other eHealth
tool developers.

Context

One contextual factor in the GUIDES checklist is whether stake-
holders and users accept the CCDSS. This requires a “clear benefit
to the users.” This also aligns with the HOT-fit (Human, Organiza-
tion, and Technology-Fit) framework for evaluating health informa-
tion systems, which considers the interconnected elements
pertaining to human (users), organization (healthcare environment),
and technology factors that ultimately lead to net benefits or overall
impact of the technology.*® In particular, a user-perceived benefit
aligns with “perceived usefulness” (a “user satisfaction” element
within the human factor) and “relevance and usefulness”
(“information quality” elements within the technology factor),
which contribute to system success.*® Our system automatically cal-
culated and displayed asthma control, provided medication change
recommendations, and auto-generated an AAP, all of which are con-
sidered fundamental asthma management practices, directly im-
prove patient-level outcomes, and have been shown to be poorly
executed across settings, including our study sites.>* However, evi-
dence and guideline recommendations do not necessarily equate
with clinician perception of valuable care. Although decision sup-
port was easy to understand (Figure 3), a third to half of respondents
did not agree with statements about the usefulness of system out-
puts: asthma control guidance, medication recommendations, and
the AAP (Figure 3). Although current gaps in, and evidence for, the
impact of these practices were mentioned in system launch presenta-

tions, this area will require more emphasis to drive user acceptance.

Furthermore, as capitated funding models provide a relatively fixed
base fee per patient regardless of the number of visits, and AAPs re-
duce unscheduled outpatient visits, it may be advantageous to expli-
cate this possible financial advantage of system use.'>*'** An
additional benefit could be to provide continuing professional devel-
opment credits for system use.

Broader sociotechnical factors are also important contextual
influencers of uptake. For example, in an interdisciplinary review
that leveraged lessons from outside of health care (basic sciences, so-
cial sciences, humanities, engineering, business, and defense) to iden-
tify strategies for successful CCDSS implementation, Wu et al*?
identified the broad importance of organizational culture on imple-
mentation success. These organizational and cultural factors are
also noted in Sittig and Singh’s** model describing sociotechnical
factors affecting health information technologies, which also
includes, but is not limited to, “human computer interface” elements
that consider users’ comfort with the hardware and software, and
“people” elements ranging from decisions on where to place hard-
ware to user familiarity with the technology. Baxter and Sommer-
ville’s*®  analysis of sociotechnical approaches to system
development argues that sociotechnical factors may also exist be-
tween users and eHealth developers. They suggested that transpar-
ency and user education about the construction and limitations of
system design may improve user perception and appreciation of the
available technology. Overall, these perspectives provide valuable
opportunities for improving the “context” in which a CCDSS such
as ours is deployed, thereby driving uptake.

An important component of understanding and adapting to the
user’s context is understanding the user’s workflow. Given the com-
plexity of any clinical environment, a formal workflow analysis
would likely have been beneficial, as was suggested by Ross et al*®
in their review of factors influencing eHealth implementation, which
found that eHealth systems with a good perceived fit into preexist-
ing workflows tend to see higher use. Accordingly, future rollouts of
the eAMS should be preceded by a workflow analysis, ideally
through a contextual design approach that involves interviewing
and assessing users while they perform work-related tasks and using
these findings to create a work model that integrates into the user’s

and organization’s workflow model.*”


https://academic.oup.com/jamia/article-lookup/doi/10.1093/jamia/ocaa019#supplementary-data
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Content
For content to be trustworthy, “advice must be supported by up-to-
date scientific evidence.” Indeed, our system utilized a validated pa-

tient questionnaire,”>>*

medication logic rules built through a re-
view of existing international asthma guidelines,”® AAP population
rules developed through a systematic review,”> and an AAP devel-
oped through a systematic analysis of existing AAPs*® and a multi-
stakeholder collaborative editing process including usability
optimization.?*® However, the GUIDES checklist also notes that
the “type and quality of this evidence” must be clear to users. Al-
though we indicated that all recommendations were based on latest
guidelines and were transparent when there was insufficient evi-
dence to provide decision support, we did not elaborate on how de-
cision support algorithms were developed and validated, nor did we
provide direct links to relevant guideline sections or supporting evi-
dence. We noted that clinicians disagreed with recommendations for
baseline medication changes (screen 2) in about 30% of cases. Al-
though other factors such as patient adherence or medication afford-
ability*® may have played a role, our failure to provide links to
evidence may have reduced clinician trust in the eAMS guidance.
Such links can easily be added to enhance system content. Further-
more, we failed to explicitly state expected patient-level benefits and
possible harms of inhaled corticosteroid medications in clinician
guidance, whereas clear statements of “benefits and harms of differ-
ent management options” is another GUIDES determinant of trust-
worthiness. This could be addressed by integrating an existing
asthma medication patient decision aid within the system, which
would also address patient-level adherence barriers.*’

Another important content-related factor is whether the
“amount of decision support [is] manageable.” Although our system
featured only 5 screens (requiring as few as 4 clicks to view and ac-
cept all decision support elements) and an automated chart note for
documentation, a third of users indicated that the decision support
process was too time consuming (Figure 3). Indeed, even when
CCDSSs improve care, time constraints remain a barrier.**%°! We
attempted to address clinician time constraints by collecting data di-
rectly from patients, before the physician interaction. However, con-
sidering that the CCDSS was opened after the patient appointment
in 34% of cases, even clinicians who valued the guidance often
lacked the time to complete the process during the patient appoint-
ment. Given challenges with contacting patients for therapeutic
changes or AAP provision by telephone, it is unlikely that most
patients derived a timely benefit from clinician CCDSS activities oc-
curring after their visit. This suggests a need to increase the per-
ceived value for time investment, which will require a stronger case
for the intervention (as previous), a reduced time commitment, or

both.

System

Ease of system use is a key determinant of uptake. It should be “easy
for users to interact with the [CCDSS] system,” which can be facili-
tated if the system can be “customised to provide better user
support.” Other reviews have also supported user-customization
options to improve decision support performance.**-** Correspond-
ingly, the system must also be delivered with an “eye-catching, intui-
tive, concise, consistent and unambiguous display.” Questionnaire
data (Figure 3) suggest positive overall user attitudes towards our
system, including feedback that the system was easily accessible
from the EMR. However, the SUS score of 66 suggests potential for
usability optimization. The SUS measures a system’s effectiveness

(ability to complete tasks), efficiency, and user satisfaction.>>>% Qur
score was just below a mean score of 68 across 500 web-based sys-
tems (percentile rank of approximately 45%), suggesting that a ma-
jority of other reported systems had a higher perceived usability.>*
This score corresponds to an adjective rating between “OK” and
“good” and represents a marginal overall acceptability rating.> Fur-
thermore, the large standard deviation in SUS ratings (16.5) suggests
variable user preferences, supporting a need to develop customiz-
ability features to drive perceived usability. For example, temporal
frequency of system notifications and email reminders could be indi-
vidualized according to clinician preferences. In analyzing user
workflows through our system (Figure 2), there was gradual attri-
tion at each screen, with no clear drop-off at any particular screen to
suggest a screen-specific technical, workflow, comprehension, or
agreement issue. Although we engaged end users in system design, a
detailed usability study with optimization was likely required. Our
approach entailed a collaborative and iterative CDSS content and
functionality development with 3 primary care site leads, but may
have benefitted from both a broader sampling and a more systematic
feedback approach to elicit user needs. This could have been
achieved through a rapid-cycle design process with serial clinician
focus groups, as was undertaken for the patient-facing question-
naire.”* Furthermore, although we sought informal feedback on bar-
riers and enablers to system use in this study, it would have been
more valuable to design the intervention trial as a mixed-methods
study with formal, periodic clinician user interviews soliciting feed-
back on content, design, and workflow; serial system adjustments in
response to this feedback; and a final summative qualitative evalua-
tion of user preferences.

Another system criterion is “reaching the targeted users.” Our
system was unique in that once a clinician was recruited, all
patients for whom they were the MRP had eAMS functions em-
bedded in their charts. Accordingly, the CCDSS was available to
any clinician who saw an included patient. The advantage of this
real-world approach is that it measures outcomes in all users
rather than in a biased subset of motivated users. Although the
potential disadvantage is that nonrecruited clinicians (with less
buy-in) contributed to system uptake and outcome data, being
seen by the MRP did not significantly predict uptake in quantita-
tive models (Tables 1 and 2).

A system should also provide decision support “at the right
time” or “moment of need.” This aligns with findings in Kawamoto
et al’s>® review of determinants of successful CCDSSs, and is one of

Bates et al’s’® «

ten commandments” for CDSS design. Guidelines
recommend assessment of asthma control at each clinical visit*';
medication adjustments must be made according to current control
status; and a new AAP must accompany any medication adjust-
ments. Accordingly, the eAMS was designed to provide these deci-
sion support elements to patients with asthma at each clinical visit,
regardless of the reason for the visit. However, clinicians were much
more likely to access and complete the CCDSS during visits with re-
spiratory, and particularly asthma-related complaints (Tables 1 and
2). Accordingly, some clinicians may have considered the “moment
of need” to be limited to visits during which respiratory-related care
decisions were required. In our outcomes analysis, only about a
third of patients presented with a respiratory complaint at least once
during the intervention period, suggesting that a strategy to limit
provision of decision support to respiratory-related visits would se-
verely limit the scope and impact of the intervention.'® A possible al-
ternative would be to encourage clinicians to book additional visits
exclusively for CCDSS actions.
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Authors have also advocated for specific design approaches to
drive uptake. In a seminal meta-regression of 162 randomized trials
of CCDSSs, Roshanov et al'? found that systems that featured a
built-in requirement for clinicians to provide a reason for ignoring
or over-riding advice were more likely to succeed than systems with-
out this. Our eAMS system notifications could be adjusted to require
reasoning for dismissals, but given user frustrations with a growing
number of pop-ups and alerts,'? design and operationalization of
any such functionality would require careful input from end-users.

Implementation

Successful CCDSS implementation requires efforts to identify and
address “other barriers and facilitators to compliance with the deci-
sion support advice.” Here, the GUIDES checklist lists the follow-
ing: assessing and addressing user “beliefs, attitudes and skills,”
“professional interactions,” possible “(dis)incentives,” “
and resource” issues, and “organisational context” influencing sys-
tem uptake and adherence. These behavioral predictors are repre-
sented in the Theoretical Domains Framework, an integrative

capacity

framework of 14 theoretical domains derived from 33 validated
health and social psychology theories and 128 constructs explaining
health-related behavior change.®”*® Accordingly, we have com-
pleted and are now analyzing user interviews to identify which The-
oretical Domains Framework domains are relevant for
questionnaire completion (patients), and CCDSS usage (clinicians).
After this, we plan to map any modifiable barriers and enablers to
corresponding evidence-based behavior change techniques (based on
an existing Behaviour Change Matrix)*>® and to redesign the

eAMS, and its implementation, accordingly.®!

Additional findings

Two other findings are noteworthy. First, we attempted to include a
patient-mediated knowledge translation strategy, a questionnaire-
embedded prompt for patients to ask clinicians for an AAP. Few
studies have assessed the impact of patient prompts on clinician be-
havior*?; whether and how such a strategy could drive CCDSS use
requires further study. Second, although our analysis prioritized
CCDSS usage, we also found that once clinicians exited the CCDSS,
they completed new prescriptions required, as per CCDSS actions,
in less than half of cases. This worrisome finding suggests that cou-
pling automated decision support with actions requiring additional
time and conventional manual workflows creates risk and should be
avoided. We will seek to automate CCDSS prescriptions in the next
eAMS iteration.

Strengths and limitations

Our study’s strengths include a detailed characterization of user
interactions with the CCDSS (captured directly in a system log), a
real-world sample including diverse health practitioner types in aca-
demic and community settings, and our novel quantitative models
determining predictors of CCDSS usage. We also note that despite
its suboptimal uptake, the eAMS did significantly improve real-
world asthma care in our interrupted time series analysis (30.5% ab-
solute increase in physician visits in which an AAP was delivered
[P <.0001]; and an adjusted OR of 8.62 [95% CI, 5.14-12.45] for
assessment of asthma control level during the clinical visit.)!® Ac-
cordingly, conclusions reached herein regarding strategies to drive
uptake would be expected to have a potent effect on the system’s
clinical impact. Weaknesses include that user feedback was received
from only 63% of consented users, introducing the possibility of

feedback sampling bias. We were also unable to solicit feedback
from other (nonstudy) clinicians who used the system. These small
numbers also prevented us from linking individual feedback ques-
tionnaire responses to individual behavioral data, which would have
facilitated a better understanding of barriers and enablers of system
usage.

CONCLUSION

In conclusion, we present usage metrics from a study of the eAMS
CCDSS, along with quantitative predictors of uptake and user feed-
back data, which we triangulated with established predictors of
CCDSS success in the GUIDES checklist. This exercise enabled us to
determine the areas of highest yield for intervention improvement,
and we believe that both this technique and the specific lessons
learned are broadly relevant to the design and implementation of
CCDSSs across diseases. As CCDSSs become ubiquitous, such
efforts to improve system uptake will be required to realize their full
impact on quality of care and patient outcomes.
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