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Background One of the best practices for timely and efficient diagnoses of central
nervous system (CNS) trauma and complex diseases is imaging. However, rates of
imaging for CNS are high and impose a lot of costs to health care facilities in addition to
exposing patients with negative impact of ionizing radiation.

Objectives This study aimed to systematically review the effects and features of clinical
decision support systems (CDSSs) for the appropriate use of imaging for CNS injuries.
Method We searched MEDLINE, SCOPUS, Web of Science, and Cochrane without time
period restriction. We included experimental and quasiexperimental studies that assessed
the effectiveness of CDSSs designed for the appropriate use of imaging for CNS injuries in
any clinical setting, including primary, emergency, and specialist care. The outcomes were
categorized based on imaging-related, physician-related, and patient-related groups.
Result Atotal of 3,223 records were identified through the online literature search. Of
the 55 potential papers for the full-text review, 11 eligible studies were included.
Reduction of CNS imaging proportion varied from 2.6 to 40% among the included
studies. Physician-related outcomes, including guideline adherence, diagnostic yield,
and knowledge, were reported in five studies, and all demonstrated positive impact of
CDSSs. Four studies had addressed patient-related outcomes, including missed or
delayed diagnosis, as well as length of stay. These studies reported a very low rate of
missed diagnosis due to the cancellation of computed tomography (CT) examine
according to the CDSS recommendations.

Conclusion This systematic review reports that CDSSs decrease the utilization of CNS CT
scan, while increasing physicians’ adherence to the rules. However, the possible harm of
CDSSs to patients was not well addressed by the included studies and needs additional
investigation. The actual effect of CDSSs on appropriate imaging would be realized when
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Background and Significance

In many countries, a considerable proportion of health care
budgets are spent on diagnostic tools such as radiology and
laboratory tests. Despite the emphasis on controlling health
care costs, using imaging procedures is increasing.! Accord-
ing to the evidence, the number of computed tomography
(CT) scan orders in the United States raised from 3 million in
1980 to 80 million in 2014%; however, a large proportion of
this increase is due to the technical advances and improve-
ment in the quality and potential usefulness of CT scans in
this period.

Central nervous system (CNS) injuries are a major burden
of morbidity and mortality worldwide® and neuroimaging
plays an important role in the diagnosis of CNS injuries. The
best practice for initial evaluation of patients with head
injuries is CT scan.* Imaging of CNS injuries like minor
head injuries has increased dramatically.”> However, one
out of three head CT scans are unnecessary and can be
avoided.® This led the American Board of Internal Medicine
to establish a campaign in 2012 to prevent unnecessary and
inappropriate medical imaging, testing, treatment, and pro-
cedures. Although since the establishment of this campaign,
there has been a reduction in resource utilization, the imag-
ing utilization is still high.”

In addition to imposing a lot of cost to health care
facilities, unnecessary imaging exposes patients to the nega-
tive impact of ionizing radiation.? It is estimated that ap-
proximately 1.5 to 2% of the cancers are the result of imaging
procedures.’ It also increases the workload of radiology
departments and may increase the risk of error as a result.!”
Meanwhile, evidence shows that approximately 20 to 50% of
the radiology and imaging procedures are unnecessary.''
The cost of the examinations and the potential impact of
the radiation must be weighed against the potentially im-
proved clinical outcomes, reduced diagnostic delays, and
reduced distress of the patient, as well as relatives. Several
evidence-based clinical guidelines are proposed for appro-
priate CTuse. These guidelines suggest some criteria for what
is “clinically reasonable” while ordering an imaging.

Several interventions have been suggested for improving
“clinically reasonable” imaging including but not limited to
using clinical practice guidelines,'? clinical decision support
systems (CDSS),'® audit, and feedback,'* and electronic
health record (EHR)."' In comparison to other information
technologies, CDSSs may have more potential to support
physicians in deciding about image ordering, reducing un-
necessary imaging and radiation explosion while improving
quality of care. CDSS can provide physicians with relevant
knowledge through evidence-based practices presented at a
suitable time to improve decision-making.'® Moreover,
CDSSs have the potential to improve physicians’ communi-
cation with radiologists through presenting “structured
coded indications.”'” CDSSs interventions, implemented
for appropriate use of imaging, were mostly in the form of
duplicate imaging warnings, or the introduction of prede-
termined appropriate criteria that provide knowledge about
when it is appropriate to order a diagnostic examination, as
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well as matching patients’ characteristics with rule-based
algorithms. These rules and criteria sets have been assessed
and approved in previous studies,'®?% but the impact of
these technologies, like CDSSs, are not well investigated.
Hynes et al?! implemented CDSS through incorporating
the National Emergency X-Radiography Utilization Study
(NEXUS) criteria and Canadian C-Spine Rule (CCSR) as
“checkbox” items into the computerized order entry system
for cervical spine radiographs; if the radiograph was for a
patient with trauma, the checkboxes were activated to be
completed by physicians and show if the order was indicated
by the criteria. However, the literature indicates inconsistent
findings of the decision rule effects on physicians’ perfor-
mance and patients’ outcomes.?>~24 Thus, there is a need for
a systematic review on the impact of the technologies like
CDSSs on ordering appropriate imaging procedures.

There are some related systematic review studies that
mostly have been conducted to determine the effectiveness
of the decision rules rather than investigating the effective-
ness of CDSSs. Desai et al?®> examined the effectiveness of
interventions designed to decrease cervical-spine radiogra-
phy ordering for adults with neck injury referring to emer-
gency departments (EDs). The investigated interventions
included evidence-based decision rules like NEXUS or Cana-
dian C-spine rule rather than CDSSs. They concluded that the
effectiveness of the strategies was moderate and was not
frequently reported. Two other similar systematic reviews by
Liu et al?® and Jenkins et al?” also aimed at determining the
effectiveness of interventions designed to reduce imaging in
patients with lower back pain. In addition, Harnan et al?3
systematically reviewed the literature to identify decision
rules for minor head injury and compare them according to
accuracy. Another similar systematic review is conducted by
Goldzweig et al' which investigated the impact of EHR-based
interventions on appropriate image ordering in ambulatory,
hospital, and emergency department settings. EHR-based
interventions include computerized provider order entry
systems, computerized display of charges, and computerized
CDSSs for any kind of imaging.

However, to the best of our knowledge, there is no
systematic review with the aim to determine the effective-
ness of computerized CDSSs for appropriate image ordering
for CNS injuries. Thus, the goal of this study was to system-
atically review the effectiveness and features of CDSSs
designed for the appropriate use of imaging for CNS injuries.

Method

The research question was “Do CDSSs improve appropriate
use of imaging in patients with central nervous system
injuries?”

Search Strategy and Study Selection

A search strategy was developed using keywords and the
Medical Subject Headings (MeSH) terms to identify papers in
the literature and adaptations were made for each database.
Four databases were searched: Medline (through PubMed),
SCOPUS, Web of Science, and Cochrane. We considered
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studies published till August 11, 2020, without any time
limitation. The search strategy consisted of a combination of
keywords and MeSH terms associated with diagnostic imag-
ing (laboratory test utilization), wounds and injuries, central
nervous system, CDSSs, and utilization review. The search
strategy is presented in (avail-
able in the online version).

After removing duplicates, two reviewers, working inde-
pendently, selected the papers based on eligibility criteria.
Titles and abstracts were investigated for inclusion. The full
text of potentially relevant papers was screened based on the
inclusion and exclusion criteria. The reference lists of the
identified papers were also searched to find any other
relevant paper missed during the databases searches. The
researchers resolved disagreements by discussion and con-
sensus, and any remaining disagreements were resolved by
the third reviewer.

Study Selection Criteria

Inclusion Criteria

Type of studies: Experimental and quasiexperimental study
designs were included randomized controlled trials (RCT),
quasiexperimental, nonrandomized controlled clinical trials
(NRCT), prospective observational studies, cohort, and inter-
rupted time series (ITS).

Type of population: the study populations in the included
studies were imaging procedures of CNS, physicians ordering
CNS imaging, or the patients for whom CNS imaging proce-
dures were ordered in any clinical setting, including primary,
emergency, and specialist care.

Types of interventions studies using CDSSs as an inter-
vention to improve appropriate image ordering for CNS
injuries were included. Any electronic decision rule provided
to physicians either standalone or integrated into electronic
health record (EHR) or computerized physician order entry
(CPOE) was considered as a CDSS.

Type of outcomes: outcome measures were: diagnostic
yield and diagnostic detection rate, the number and cost of
imaging ordered, guideline adherence for imaging ordering,
physicians knowledge and attitude toward imaging, and
also patient outcomes. The outcomes were categorized
based on imaging-related, physician-related, and patient-
related groups. Imaging-related outcomes were proportion
and number of imaging, and cost of imaging. Physician-
related outcomes were diagnostic yield and diagnostic
detection rate, adherence or order cancellation after the
reminders (or overriding the reminders), and physicians’
knowledge and attitude. Patient-related outcomes were
length of stay (LOS), patients’ complications or undetected
fractures, readmission, patients’ disposition, and mortality
rate.

Exclusion Criteria

Studies were excluded if they were (1) published in any
language rather than English; (2) examined feasibility,
validity, accuracy, and usability; (3) described a CDSS; (4)
used interventions rather than computerized CDSS; (5)

conducted based on a scenario or in an unreal clinical
environment (in a simulated setting i.e., for the test of a
system); (6) descriptive studies; and/or (7) presented as a
congress abstract.

Quality Assessment

The Effective Public Health Practice Project (EPHPP) quality
assessment tool was used to assess the methodological
quality of the included studies.?® EPHPP is a suitable tool
for assessing a variety of study designs like RCTs, NRCTs, and
ITSs. The Cochrane tool?® was not used for assessing the risk
of bias because there was no RCT design among the included
studies. Furthermore, the EPHPP tool is recommended by the
Cochrane Public Health as an appropriate tool for systematic
reviews of effectiveness.> EPHPP tool assesses studies based
on six criteria including selection bias, study design, con-
founders, blinding, data collection methods, and with-
drawals and dropouts. According to this tool, each criterion
is categorized as good, fair, or poor, and then the total rating
is determined. Studies with no poor criteria are considered as
strong, studies with one poor criterion as medium, and
studies with two or more poor criteria are considered as
poor. The included studies were independently evaluated by
two reviewers and any disagreement over scoring was
resolved through consensus (the results are presented as a
supplementary).

Quality and features of the CDSSs, presented in the
included studies, were assessed using a checklist derived
from the study by Goldzweig et al." The checklist consists of
three domains: (1) CDSS design, (2) data entry source, and (3)
implementation source. The included studies were investi-
gated by two independent reviewers in terms of study design
and the degree of information reporting about the CDSSs and
characteristics of implementation; any disagreement was
resolved through consensus.

Data Extraction

We designed a form to extract data from each of the included
studies. For each study, the following data were extracted:
study design, sample size, intervention description, and
results. One reviewer extracted data which were subse-
quently reviewed and confirmed by another reviewer.

Data Analysis

A narrative synthesis was used to describe and compare
the designs and the results of included studies. We cate-
gorized studies based on different features of CDSSs,
outcome category, and effects of CDSSs. The effect of
interventions were reported based on statistically signifi-
cant positive, positive without statistical argument, no
effect (not statistically significant), negative without sta-
tistical argument, or statistically significant negative.?!
The variety of outcomes and results reporting did not
allow performing a meta-analysis. However, a forest plot
was presented for five studies which had reported odd
ratio for the main finding (i.e., proportion of CT utiliza-
tion). The forest plot was designed using Review Manager
(RevMan) Version 5.3.32
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Results

Study Selection

The literature search identified 3,223 records through online
search 26 of which were duplicated ( ). In addition,
two additional papers33'34 were identified through other
sources (snowball search). The papers were screened for
eligibility by title and abstract, resulting in 55 potential
papers for the full-text review. During the full-text review-
ing, 44 more papers were excluded. Finally, 11 eligible
studies were included.

Characteristics of the Included Studies

A substantial number of the included studies were con-
ducted during the last 5 years (n=38, 72.7%). Most of the
included studies were conducted in the United States (n =8,
72.7%) and one was conducted in each of the following
countries: Australia, Canada, and Ireland ( ).

Quality Assessment

Designs of the included studies were as follow: five quasiex-
perimental, four case controls, one cohort, and one inter-
rupted time series. According to the EPHPP quality
assessment tool, there was no strong study. There were
four studies with moderate quality35‘38 and seven studies
with poor quality.?’3%-*4 The main limitation of the included
studies was not being blinded (90.9% had not blinded asses-
sors or blinding was not mentioned). The other limitation
was in data collection methods in which validity and reli-
ability of the used tool were not described in some studies
(54.54%); studies in which data were collected using EHR
reports were considered poor in terms of reliability and
validity due to the lack of description about the validity
and reliability, as well as the evidence reporting variable and
often limited quality of EHR reports.*>=4’ The results are
presented in an (available in
the online version).
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PRISMA flow diagram of the study selection. CNS, central nervous system; PRISMA, Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.
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Quality assessments of the CDSSs are presented
in . The vast majority of CDSSs was integrated
into CPOEs or EHRs (90.9%) and providing real-time feedback
(90.9%) with recommending not to order a specific imaging
modality (100%). Most CDSS classifications of the included
studies (72.7%) were in B category which could present
information on appropriateness or guidelines specifically
tailored to the individual patient but physicians could over-
ride the recommendation easily ( ). CDSSs, used in
four studies (36.3%), were integrated into and automated
through EHR. Eight studies (72.7%) needed the clinicians to
enter data like patient indications specifically into the CDSS.
Most studies (72.7%) had not reported if they had pilot tested
the CDSS before implementation. Six studies (54.5%)
reported user training about the intervention or the targeted
imaging indication or similar things. Other characteristics,
barriers, and facilitators affecting implementation of CDSS
were mentioned in

CDSS interventions were mostly in the form of an evi-
dence-based rule providing knowledge about when it is
appropriate to order the specified imaging, or predefined
appropriateness criteria that physicians had to determine
which criteria the patient met before ordering the imaging.
The guidelines used as the knowledge base of the CDSSs were
the CCSR,2" NEXUS,?"**2 New Orleans Criteria,'* Pediatric
Emergency Care Applied Research Network (PECARN),3°36
Canadian CT Head Rule (CCTHR),*® and CT in Head Injury
Patients Prediction Rule.'® These interventions support
physicians’ informed decision-making in the first step of
ordering process when they are deciding about ordering an
imaging based on patients’ indications.

Effects of Clinical Decision Support Systems on
Outcomes

The included studies had mostly investigated “proportion of
imaging” and “guideline adherence” outcomes. Generally,
CDSS interventions showed positive effects on all outcomes

( )-

Imaging-Related Outcomes

All but one of the included studies have investigated the
effects of CDSSs on the proportion of imaging. In general,
studies showed positive impact on proportion of imaging.
The reported proportion of imaging reduction varied from
2.6%7 to 40%3° among the included studies. The study by
Dayan et al*” assessed as a moderate quality, investigated the
impact of prediction rules through CDSS on traumatic brain
injury CT rate in some pediatric and general emergency
departments (EDs). Their finding showed small but incon-
sistent decreases in the EDs, as two pediatric EDs showed a
significant but the modest decrease after CDSS implementa-
tion, but the other two pediatric EDs did not show significant
change in CTrate. There was also little change in general EDs’
CTrate. An explanation provided by the authors was that the
general ED had low baseline CT use before CDSS implemen-
tation. Bookman et al*? studied the impact of CDSS on the
utilization of CT brain, C-spine, and pulmonary embolism.
The results indicated significant decrease in CT brain and C-

spine but no significant change in pulmonary embolism CT.
They believed that previously implementing paper-based
CDS for pulmonary embolism CT has resulted in no change
after electronic CDS. Sharp et al*® addressed effect of CDSS on
head CT imaging. The results indicated an average decrease
of 5% overall at 12 out of 13 EDs, one out of 13 EDs showed
0.4% increase in head CT use and the authors did not mention
any special reason.*? The impact of CDSS on CT cost was not
reported in any of the included studies.

Across the five papers that provided analyzable data (odd
ratio) from 26,791 patients in intervention and 43,440
patients in control groups ( ), CDSSs produced an
average absolute improvement of 0.82% (95% confidence
interval: 0.79-0.85%) in the proportion of CT scan utilization.

Physician-Related Outcomes

Physician-related outcomes, including guideline adherence,
diagnostic yield, and knowledge, were reported in five
included studies and all demonstrated positive impact of
CDSSs. In the study by Goergen, et al,3® guideline adherence,
defined as the proportion of patients for whom the CDSS
recommended no imaging and had no imaging, was 86%. In
the study by Hynes et al,?' the intervention indicated a 22.5%
increase, in the proportion of request meeting the NEXUS or
CCSR guideline. This study could also improve the detection
of clinically significant C-spine injuries through plain radio-
graph. Zarchi®>> demonstrated that CDSS implementation can
increase health care providers’ knowledge regarding man-
agement of minor head trauma. Health care providers were
also more likely to adopt the guideline after implementing
CDSS.® In the study by Sharp et al,*° the intervention could
increase diagnostic yield of brain injuries. Diagnostic yield is
defined as “the proportion of CT studies that identified
radiographically significant findings,” e.g., a brain injury.*°
Gupta et al** showed 27% absolute and 56% relative adher-
ence to the guidelines after implementing CDSS.

Patient-Related Outcomes

Four studies had addressed patient-related outcomes includ-
ing missed or delayed diagnosis and LOS. In the study by
Ballard et al,>® a very low rate of missed diagnosis was
observed due to the cancellation of CT examine according
to the CDSS recommendation. The results showed one
missed diagnosis of clinically important traumatic brain
injury among 33 patients whose brain injuries were recog-
nized. However, before implementing CDSS, all 37 patients
with important injuries were detected by health care pro-
viders.3® This study indicated a small nonsignificant increase
in LOS; however, the authors stated that the analysis on LOS
was limited due to the lack of data on other variables that
could affect LOS suggesting no significant influence of the
CDSS on the duration of ED evaluations.>® Another study by
Dayan et al*’ also indicated one missed traumatic brain
injury diagnosis out of 56 children with minor blunt head
trauma. Similar to the study by Ballard et al,?® the one had a
history of loss of consciousness and did not meet the PECARN
very-low-risk criteria.>” The finding showed increased LOS in
seven of the eight intervention emergency departments by 7
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(Continued)

Implementation characteristic

Are there any other implementation
components not already discussed?

Was there use

of audit and-

feedback (or

other internal
incentive)?

Are the authors

also the

developers and

part of the user
group for the

CDS?

Was there any

user training/

clinician

education?

Was it pilot tested or
used an iterative

process of

development/

implementation?

Data entry source

Does clinical staff

enter data

specifically for
intervention?

Is it automated
through EHR?

CDSS design

CDSS

Classification®

Does the CDS

suggest a

recommended
course of
action?

Does it give real
time feedback

at point of care?

10

Is it integrated

with CPOE?

10

Study

Sum: Yes
No

NM

Abbreviations: CDSS, clinical/computerized decision support system; Cl, confidence interval; EHR, electronic health record; CPOE, computerized physician order entry; PECARN, the Pediatric Emergency Care Applied

Research Network.

?Intervention Classification: “A” interventions provided information only; “B” interventions presented information on appropriateness or guidelines specifically tailored to the individual patient, often as a pop-up or

alert. Some of these interventions also recommended alternative interventions, but did not include any barrier for the clinician to order the test; “C” interventions in general were similar to “B” interventions, but

required the ordering clinician to justify with free text why they were overriding the decision support recommendation that a study was inappropriate (i.e., a “soft stop”). “D” interventions included a “hard stop,”

meaning the intervention prevented the clinician from ordering a test contrary to the CDS determination of inappropriateness, until additional discussion with or permission obtained from another clinician or

pathologist.
PAll studies recommended not to order a specific kind of imaging modality.

“Not mentioned.
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to 15minutes; the increase at only one of the EDs was
statistically signiﬁcant.37 Opposite to these two studies, Ip
et al*3 indicated that the rate of delayed diagnosis remained
unchanged after the intervention. Likewise, Goergen et al®’
also revealed no delayed diagnosis of cervical spine injury.

Discussion

The majority of the included studies had investigated the
CDSSs effect on imaging-related outcomes. Generally, the
results showed improvement in imaging-related, physician-
related, and patient-related outcomes. Most of the included
studies were conducted after 2017, indicating a new re-
search agenda in health information technology. It also
indicates that attention to reducing patients’ radiation
exposure, as well as resource utilization for appropriate
utilizing imaging have been increased recently. Most of the
included studies were conducted in emergency depart-
ments indicating an opportunity to promote the emergency
care value through reducing patients’ length of stay, elimi-
nating unnecessary imaging, and allocating limited time
and resources of EDs to patients who may benefit more
from it.*®4° The results of this review showed that CDSSs
have the ability to improve imaging utilization of CNS in
emergency departments.

Imaging-Related Outcomes

Appropriate imaging based on patient indication was posi-
tively affected by the CDSS rules. It is consistent with a
systematic review by Main et al®® who addressed the effec-
tiveness of CDSS integrated in order communication systems
on test/image ordering process. They found 9 out of that 13
studies which showed statistically significant improvement
in imaging appropriateness, two reported an improvement
without statistically significance, and two indicated no ef-
fect.> However, in Main and colleagues50 review, most of the
included studies had assessed the impact of illustrating tests
charges or previous test results or using reminder, and only
two studies providing recommendation like the included
studies in our systematic review. Our results are also consis-
tent with Goldzweig et al.! They examined the effects of EHR-
based interventions on appropriate image ordering. Their
findings showed that EHR-based interventions can moder-
ately decrease inappropriate image ordering and decrease
overall utilization of imaging by a small amount. Although,
previous reviews'>! found that hard-stop CDSSs is more
effective than other interventions, most of the CDSSs in our
study provided recommendation based on patient indica-
tion, and just in a few cases, physicians had to justify
overriding the recommendation. Hard-stop CDSSs prevent
physicians from ordering an imaging until a confirmation is
reached from an external member like a radiologist. Howev-
er, Min et al*' suggested providing a “medium-stop” CDSS
since it neither denies imaging for requests that did not meet
appropriateness indications (a “hard stop”) nor allows imag-
ing without a justification (a “soft stop”). Our results indicate
that utilization reduction is more among high utilizers.*?
Therefore, it is suggested that before implementing the
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Effects of CDSS interventions on laboratory testing outcomes

Outcome Positive No effect | Negative
Category | subcategory Statistically significant | Demonstrated Statistically | Demonstrated
Significant

Imaging Proportion of imaging | 22384 37 39. 42,b
related
Physician | Guideline adherence 22,37,40-44,46,223740
related Knowledge 37

Diagnostic yield 22,42
Patient Patient complication/ 40,41.45 38,39
related fractured detection

LOS 38 39

Abbreviations: CDSS, clinical/computerized decision support system; LOS, length of stay.

“This study used CDSS at different emergency departments (EDs), some of which showed decrease in the computed tomography (CT) use and some

showed no difference; however, the total CT rate was decreased

bThis study used CDSS at 13 different EDs, one of which showed increase in the CT use.

Intervention Control Odds Ratio Oids Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ballard 2018 367 1,702 M4 1,711 47%  0.86[0.73,1.01] —]
Dayan 2017 1,381 8,067 1,689 8,568 19.6%  0.84[0.78, 0.91] 2
Engineer 2018 36 164 2,362 3,770 22% 017 [012,024] —
P 2015 333 BR2 372 B4D 27%  0.73[0.59, 081 I
Sharp 2018 4,875 16,196 9,758 28,751 70.8%  0.84[0.80,0.87] [ |
Total (95% CI) 26,791 43,440 100.0%  0.82[0.79,0.85] {
Tatal events 6,992 14,595
Heterogeneity: Chi*= 71.48, df=4 (0= 0.00001); F= 94% =IJ 1 EI:E IZI=5 5 % 1IJ=

Testfor overall effect Z=10.95 (P = 0.00001)

Favours [intervention]  Favours [control]

Absolute improvements in the proportion of CTscan utilization. Results from five included studies that reported odd ratio are shown. The
black diamond in the last row shows the summary overall absolute improvement and 95% confidence interval across the proportion of CT scan
utilization. The squares with lines represent estimates and their 95% confidence intervals for each study. CT, computed tomography.

intervention, high imaging utilizers be recognized and con-
sidered as target group for intervening.

Physician-Related Outcomes

The studies reporting physician-related outcomes showed
positive effects of CDSSs on adherence to the CDSS rules,
physicians’ diagnostic yield, and physicians’ knowl-
edge.213>3840:44 gimjlarly Main and colleagues®® found
that CDSSs can significantly improve health care provider
performance. A systematic review by Roshanov and col-
leagues®? showed positive impact of CDSSs on health care
providers’ diagnostic test ordering behavior. However, they
believed that the contributing factors resulting in success or
failure are unclear. Some effective factors for greater reduc-
tions in avoidable imaging use are mentioned in studies
including “gatekeeper effect” which means “making the
clinician more accountable for the imaging request” and
the “educational effect” which means “increasing the num-
ber of physicians who are educated with respect to current
guidelines,” as well as education, cultural factors, and role of
leadership before and after pilot launch.?%3%4" A 100%
compliance rate was reached in the study by Engineer and
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colleagues® with the aim to decrease inappropriate imaging
for children. They found that patients/parents may consider
CDSS as a restriction of what they perceive as clinically
necessary. Therefore, designing a “standardized parent dis-
cussion tool” helped guide parental expectations, improve
the discussion between parents and the practitioner, and
lessen concerns as a result. Moreover, it is reported that a
“codesigned” CDSS, considering physicians’ insights during
the development phase, can significantly improve compli-
ance to the appropriate criteria.>®

Patient-Related Outcomes

The results also indicated that CDSSs may make little or no
difference to patient outcomes including patient complica-
tions, delayed diagnosis, or LOS.'#3%37 CDSSs might lead to a
small nonsignificant increase in LOS; however, the analysis
on LOS was limited due to the lack of data on other variables
that could affect LOS including indicators of ED crowding and
throughput.*®37 Thus, the impact of CDSSs on LOS needs
more investigation in future studies. However, the results
need to be taken into account with caution; since in two out
of four studies3®3’ there were few missed/delayed
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traumatic brain injuries. Only four studies examined patient-
related outcomes and two of these showed the very little
potential of CDSSs for missing clinically important injuries.
Previous systematic reviews also reported limited evidence
about the potential harm of CDSSs."?%27 Similarly, the
systematic review by Hunt et al,* on the CDSS impact on
physician performance and patients’ outcome, indicated that
the CDSSs effects on patients’ outcomes were not sufficiently
studied. Thus, future studies need to investigate the patients’
safety and possible harms of CDSSs.

The CCTHR*'"** and the PECARN®>-37-3 have been the
most extensively used criteria in the included studies. In a
systematic review by Harnan et al,?> the CCTHR was also the
most widely used decision rule in the included studies.
Harnan et al’s findings also reported that CCTHR had a
sensitivity of 99 to 100% for determining adults with a
head injury. Although CCTHR is a highly sensitive rule for
detecting injuries requiring neurosurgical intervention,?> it
is reported in the study by Stiell et al?? that its paper-based
implementation into clinical practice had led to an increase
in head CT scan in the EDs. The probable reasons listed for
this result included the use of simple, inexpensive, educa-
tional intervention, suboptimal compliance, and crowded
emergency departments. As shown in our review, imple-
menting CDSS can increase compliance by electronic inter-
vening at the point of ordering a CT scan. To include most
traumatic patients, CCTHR was used in combination with
other appropriateness criteria in two of the included stud-
ies*243; for instance, CCTHR excludes patients with no loss of
consciousness, whereas lack of consciousness is not an
exclusion criterion in the CT in the Head Injury Patients
Prediction Rule. In studies where multiple rules were used as
appropriateness criteria, the rules were reviewed for overlap
and were merged to maximize sensitivity. For instance, the
CCTHR considers age above 65 years as a risk factor, whereas
the CT in the Head Injury Patients Prediction Rule and the
New Orleans criteria consider age above 60 years as a risk
factor; in this case, utilizing a head CT for patients above 60
years old was considered in the CDSS implementation.**
Engineer et al>® and Zarchi et al®>° chose the PECARN because
evidences report that PECARN has also achieved 100% sensi-
tivity which is better than the Canadian Assessment of
Tomography for Childhood Head injury and the Children’s
Head injury Algorithm for the Prediction of Important Clini-
cal Events.'®>4 Physicians’ adherence to the PECARN is also
high and medical staff expresses satisfaction in terms of
PECARN usefulness and ease of use.>%->

Strengths and Limitations
A comprehensive search strategy, without any time period
restriction, was performed to find the maximum number of
relevant studies. To avoid missing any important findings, a
variety of interventional study designs were included. We
assessed the effects of CDSSs not only on the imaging rate but
also on physician- and patient-related clinical outcomes.

A limitation of this review is that due to exclusion of non-
English language papers and conference proceedings, some
relevant studies might have been missed. Another limitation

is the exclusive focus on studies on reducing inappropriate
imaging for CNS as the main outcome. Most studies con-
ducted in this field had poor-to-moderate study design
which may make the conclusion about the effects difficult
due to possible biases. Moreover, it is important to note that
most of the included studies were conducted in the United
States where imaging is an examination that a clinician
order; whereas, some countries may have a different ap-
proach for initiating imaging where the clinician presents
the diagnostic problem and the radiologist decides whether
there is an indication for imaging at all, and what modality
and what protocol to use. This issue may influence the results
of implementing CDSS, therefore having a rule set that is not
constantly modified to accommodate new local protocols
can imperil rather than improve good use of diagnostic
imaging. Implementing CDSS where imaging is initiated
from clinician to radiologist might lead to better results.

Future Research Directions

Since most of the included studies were conducted after 2017,
indicating a new research direction, there is a need for more
studies investigating effectiveness of CDSSs on the appropriate
use of imaging. Moreover, considering the majority of the
included studies had poor study design, there is an essential
need for more robust study designs. According to the limited
evidence on the possible harm of CDSSs and their influence on
patients’ safety, future research should evaluate these effects.
The included papers did not investigate the economic impact of
the CDSSs. Future studies are required to compare the cost ofan
examination to the cost of a missed diagnosis, because the cost
of a missed diagnosis might exceed the saved cost of exami-
nations; in addition, considering cost of developing, introduc-
ing, and maintaining the CDSSs would help realize the actual
impact of CDSSs. Considering most of the CDSSs required
manual data entry or providing the clarity necessary to assess
each imaging request’s adherence to guidelines, it can increase
the workflow burden (manual data entry, additional screens,
and mouse clicks were required to submit a head CT order) on
the ordering physicians, these additional burnouts and time
requirements or clinician satisfaction have not been measured
in the included studies, suggesting a research direction. More-
over, details about implementing the CDSS interventions in-
cluding the use of audit and feedback, user training, developers
of CDSSs, and engagement of leader physicians were not
reported. Reporting more details about implementing the
CDSS interventions in the future studies may help produce a
greater impact. As stated by Bowen and colleagues,”® physi-
cians perceived CDSS as a “nuisance,” qualitative researches
regarding practitioners’ attitudes toward CDSS design, and
implementation may help more adoption of CDSS.

Conclusion

This systematic review reports that CDSSs decrease the
utilization of CNS CT scan while increasing physicians’ ad-
herence to the rules. However, the possible harm of CDSSs to
patients needs additional investigation. The actual effect of
CDSSs on appropriate imaging would be realized when the
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49

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



50

Effect of CDSS on Appropriate Imaging Ordering Zare et al.

saved cost of examinations is compared with the cost of
missed diagnosis. As a suggestion, there is an essential need
for further studies with more robust methodological designs
like randomized controlled trials in this research area.

Clinical Relevance Statement

« Utilization reduction is more among high utilizers; there-
fore, identifying high imaging utilizers as target group for
intervening, before implementing the CDSS intervention,
can help improve outcomes.

» “Gatekeeper effect” and “educational effect” are two
effective factors for greater reductions in avoidable imag-
ing use in addition to cultural factors, and role of leader-
ship before and after pilot launch.

* Although, hard-stop CDSSs is more effective than other
interventions, most of the CDSSs in our study provided
recommendation based on patient indication, and just in a
few cases physicians had to justify overriding the
recommendation.

Multiple Choice Questions

1. Which one of the appropriate imaging criteria or guide-
lines is not used in the included studies?
a. PECARN
b. OTTAWA
c. New Orleans
d. NEXUS

Correct Answer: The correct answer is option b. The
guidelines used as the knowledge base of the CDSSs
were Canadian C-Spine Rule (CCSR)13, the National Emer-
gency X-Radiography Utilization Study (NEXUS)13,36, the
New Orleans Criteria 14, the Pediatric Emergency Care
Applied Research Network (PECARN) 28,33, the Canadian
CT Head Rule 29, and the CT in Head Injury Patients
Prediction Rule 14.

2. What kind of the following considerations probably
results in less reduction in imaging utilization?
a. Identifying high utilizers
b. Designing soft-stop CDSS
c. Considering gatekeeper effect
d. Educating physicians

Correct Answer: The correct answer is option b. “Gate-
keeper effect” and “educational effect” are two effective
factors for greater reductions in avoidable imaging use in
addition to designing hard-stop CDSS which make physi-
cians justify overriding the recommendation. Moreover, it
is reported that reduction of imaging utilization is more
among high utilizers.

The study is approved by the ethics review board of the
Vice-Chancellorship for Research Affairs of Kashan Uni-
versity of Medical Sciences which confirmed the study by
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the ethical code: IR.KAUMS.MEDNT.Rec.1396.095. Con-
sent to participations is not applicable.

This work was supported by the Kashan University of
Medical Research Council (grant no.: 96190) and the
National Agency for Strategic Research in Medical Educa-
tion (NASR grant number 970478).
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