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ABSTRACT

Background Clinical decision support (CDS) is a valuable
tool for improving healthcare quality and lowering costs.
However, there is no comprehensive taxonomy of types
of CDS and there has been limited research on the
availability of various CDS tools across current electronic
health record (EHR) systems.

Objective To develop and validate a taxonomy of
front-end CDS tools and to assess support for these tools
in major commercial and internally developed EHRs.
Study design and methods We used a modified Delphi
approach with a panel of 11 decision support experts to
develop a taxonomy of 53 front-end CDS tools. Based on
this taxonomy, a survey on CDS tools was sent to

a purposive sample of commercial EHR vendors (n=9)
and leading healthcare institutions with internally
developed state-of-the-art EHRs (n=4).

Results Responses were received from all healthcare
institutions and 7 of 9 EHR vendors (response rate: 85%).
All'53 types of CDS tools identified in the taxonomy were
found in at least one surveyed EHR system, but only 8
functions were present in all EHRs. Medication dosing
support and order facilitators were the most commonly
available classes of decision support, while expert
systems (eg, diagnostic decision support, ventilator
management suggestions) were the least common.
Conclusion We developed and validated

a comprehensive taxonomy of front-end CDS tools.

A subsequent survey of commercial EHR vendors and
leading healthcare institutions revealed a small core
set of common CDS tools, but identified significant
variability in the remainder of clinical decision support
content.

INTRODUCTION
Much of the potential value of electronic health
record (EHR) systems comes from clinical decision
support (CDS) tools that can help make care safer,
more efficient, and more cost effective.! 2 CDS
systems are designed to improve clinician decision-
making at the point of care. Examples include
health maintenance reminders,® drug—drug inter-
action checking,” dose adjustment,” and order sets.®
When well designed and implemented, these
interventions can help improve care quality and
reduce medical errors.' 2 7710

Although extensive research on ‘internally
developed” CDS has demonstrated the power of

CDS to accomplish these goals, much of this
research comes from four sites with internally
developed EHRs.'" For the most part, the decision
support in commercial EHR systems remains
understudied. In addition, commercial EHRs have
previously been found to be variable in their clinical
decision support capabilities.'? This is concerning
given that most hospitals and physician practices
are likely to purchase a commercial EHR rather
than invest the substantial time and resources
required to develop a custom EHR system.

Federal meaningful use requirements mandate
that hospitals and eligible providers utilize certified
EHRs that implement clinical decision support in
order to qualify for federal incentives.'® Specifically,
the stage 1 objective for achieving meaningful use,
as defined by the Centers for Medicare and
Medicaid Services, is to “implement one clinical
decision support rule relevant to specialty or high
clinical priority along with the ability to track
compliance with the rule.”"* This benchmark is
expected to expand dramatically in stage 2 (2013)
and stage 3 (2015) requirements as EHR use
becomes more widespread.

Given the limited availability of CDS in routine
clinical use,'” the impending deadlines for increased
CDS use outlined in ‘meaningful use’ guidelines,
and the fact that many institutions will likely
purchase commercially developed CDS systems, it
is imperative to develop a nuanced understanding
of existing CDS tools and to determine the extent
to which they have been incorporated into
currently available commercially developed EHR
systems. The goal of this project was to develop
a comprehensive taxonomy of front-end CDS tools.
We used this taxonomy to create a survey to study
the availability of these CDS tools as designed at
a purposive sample of leading healthcare institu-
tions with internally developed EHRs and in
commercially available EHR products.

BACKGROUND

Front-end tools versus back-end system
capabilities

The front-end CDS tools available to EHR users
depend on the EHR's available back-end system
capabilities. We define back-end system capabilities as
discrete system capabilities such as alert triggers,
available data input elements, and end-user
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notification methods,'® while front-end CDS tools are the inter-
vention types available to end-users created using specific clinical
knowledge bases and application logic. Consider, for example,
the domain of medication-related decision support. Examples of
front-end CDS tools might include drug—drug interaction
checking, weight based dosing, or renal dose adjustment. Back-
end system capabilities that would support such tools might
include a trigger in the information system that fires when
a new medication is ordered, the ability to access the medication
being ordered, a patient’s current medications, weight and
glomerular filtration rate, the ability to do mathematical calcu-
lations, and the ability to display an alert with actionable
choices to the end-user.

As a specific example, consider the case of weight-based
dosing, a type of front-end CDS tool, as defined above, which
allows providers to calculate appropriate drug dosages based on
patient weight. In order to implement this front-end tool,
several back-end system capabilities must be present, including
triggers, input data elements, interventions, and offered
choices.' First, a trigger (in this case, the ordering of a medica-
tion) is necessary. After the tool is initiated by the trigger, the
information system retrieves necessary input data elements
including patient weight, medication, and weight-based dosage
guideline information. An intervention is then displayed in the
form of text guidelines, a weight-based dosage calculator, or an
automated dose recommendation. Finally, depending on the
system, the user may be offered the choice to adjust the dose as
needed and place the order or may be limited to certain default
dose choices. Thus, a wide range of back-end system capabilities
may act to support a unique front-end tool.

Review of taxonomies

A number of taxonomies have been proposed to describe
CDS systems; these classification systems are summarized in
table 1." 2 172! Most, with the exception of those of Wang et al
and Garg et al, describe the back-end system capabilities of CDS
systems (eg, triggers, data input elements) rather than front-end
tools.

Previously, we developed a taxonomy of clinical decision
support that could be used to categorize discrete back-end
system capabilities of clinical information systems and CDS
systems.'® In a separate study, we examined the availability of
these capabilities within several major commercial EHR
systems.'? This study was limited to the back-end system
capabilities present in the information system and explicitly
excluded the front-end tools available for use by providers. We
found that the back-end system capabilities of nine commercial
systems was highly variable—the most comprehensive system
had 41 of 42, while the least comprehensive had only 24 of 42
back-end system capabilities.

Although we believe this characterization was useful, we have
found that, in practice, many healthcare organizations do not
directly work with the back-end system capabilities of their
EHR to implement CDS de novo, but rather use front-end CDS
tools and content which they purchase ‘off-the-shelf’” from their
EHR vendor or a clinical decision support content vendor.
Therefore, we expanded upon our previous research on back-end
system capabilities with the goal of fully characterizing available
front-end decision support tools across a wide range of clinical
information systems, including both commercially available and
internally developed EHR systems.

Table 1 Clinical decision support (CDS) taxonomies

Taxonomy Type Major taxa

Wang et al"’ Front-end tools Benefits: process improvement, policy implementation, error prevention, decision support
Domains: laboratory (process improvement), pharmacy (error prevention/decision support), Joint Commission (policy
implementation)
Classes: logically organize clinical rules by content type (eg, drug—drug interaction checking, automated orders, guided
dosing)

Miller et a/'® Back-end system Type of intervention (eg, optimal ordering, patient-specific decision support, optimal care, just-in-time (JIT) education)

capabilities When in the workflow to introduce the intervention (eg, initiating a session, selecting an order)

How disruptive the intervention should be (eg, incidental display, pop-up, complex protocol)

Garg et a' Front-end tools Systems for diagnosis

(general)

Reminder systems for prevention
Systems for disease management

Systems for drug dosing and drug prescribing

Kawamoto et al? Back-end system
capabilities (general)

override reasons)

General system features (eg, integration with charting, computerized physician order entry)
Clinician—system interaction features (eg, automatic provision of CDS), provision at point-of-care, documentation of

Communication content features (eg, provision of a recommendation vs assessment, justification with reasoning and/or

research evidence)

Auxiliary features (eg, local user involvement in development, CDS provided to patients, periodic performance feedback)

I‘IB

Osheroff et a Back-end system

capabilities Relevant data display

Order creation facilitators

Documentation forms/templates

Time-based checking and protocol/pathway support
Reference information and guidance

Reactive alerts and reminders
Berlin et a/*° Back-end system
capabilities

record, direct entry)

Context: setting, objectives, and other contextual factors (eg, clinical setting, clinical task)
Knowledge and data source: sources of clinical knowledge (eg, guidelines) and patient data source (eg, electronic health

Decision support: type of inference being made and complexity of recommendations
Information delivery: delivery format and mode
Workflow: user of the system (eg, clinicians, patients), system—workflow integration

Wright et a/'® 2" Back-end system

capabilities problem on the problem list)

Triggers: events causing a CDS rule to be invoked (eg, prescribing a drug, ordering a laboratory test, entering a new

Input data: data elements used by the rule to make interferences (eg, laboratory results,

patient demographics, problem list)

Interventions: possible actions a CDS tool can take (eg, send message, show guidance,
log event)

Offered choices: choices offered to the user (eg, cancel order, change order, override)
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Design versus implementation =_
o . T ©
In addition to assessing both back-end CDS system capabilities Ss o e o o <+ = ® o
and front-end CDS tools, it is also valuable to differentiate
between EHR system features as designed and the available tools £ - c o o« - < - o
as implemented or used. Although a particular type of clinical
decision support may be possible in a given system, whether it is - . LI . . ©
actually available to end-users can vary widely depending on o e . . ~
how the system is implemented. Organizations can decide not =
. . . 2|~ . . . ) . [
to buy certain CDS modules from their EHR vendor if they can £
be optionally purchased elsewhere, or they can turn off what == o L LA . ~
does come with their system purchase. In addition, research has =
shown that the same commercial systems can be used with 2 ~ © @ o~ ™~ © g
variable results. For example, the Leapfrog group conducted
. . . ~ L] L] () (] L] o
a test of computerized physician order entry systems (CPOE), as
© L] L] L] L] L] L] =]

implemented, and found that each commercial system evaluated
failed the test as implemented in at least one institution, and w . e o o ¢ e . ~
passed in at least one other, a testament to the variability of the

= L] L] L] L] L] (X}

configuration and implementation process.*?
A robust understanding of CDS systems on both the back-end/ ” ¢ DA ¢ ° “
front-end and design/implementation dimensions is thus valuable S|~ . e o . . D ©
for future research and development (table 2). E - . e o o . o -

Current systems have yet to be fully characterized along both
of these dimensions. We first assessed back-end capabilities as
implemented within one internally developed EHR to develop
the taxonomy of back-end capabilities required to create useful
front-end tools.!® A subsequent study on back-end system
capabilities as designed assessed their availability across multiple
commercially available EHR systems.' In addition, Classen er a
investigated front-end tools as implemented at various sites.*®
The area that remains uninvestigated is the CDS front-end-as
designed. Thus, the goal of the current study is to characterize
the fourth and final quadrant: front-end-tools-as designed.

As reflected in table 1, although a variety of CDS taxonomies
exist, rigorous taxonomies of front-end tools are lacking.
Therefore, we began our project by developing a taxonomy of
front-end CDS tools using a Delphi method, with a large expert
panel. Our goal in developing the taxonomy was to assess the
CDS tools available in various systems as designed. We then
developed and administered a survey to two groups: commercial
EHR vendors and ‘internal’ EHR developers. For the purposes of
this paper, EHRs are referred to as either ‘commercial,” created
by a vendor and sold to a hospital or other healthcare organi-
zation, or ‘internally developed,” built by a hospital or other
healthcare organization for their own use.

Providing a list of 100 mg, 200 mg, 300 mg, 400 mg,
600 mg, and 800 mg doses for ibuprofen with a default

of 400 mg.
Order 7.5 mg methotrexate once weekly for rheumatoid

arthritis, but 1500 mg/m? every 4 weeks (with

Alert if the total cumulative dose of doxorubicin over
leucovorin rescue) for gastric cancer.

CrCl<50 mg/min, reduce frequency of administration
a patient's lifetime exceeds 550 mg/m?.

of a particular medication to every 24 h.
Alert on a total daily dose of acetaminophen =4 g.

An algorithm that automatically suggests that if
Alert on a single dose of acetaminophen =1 g.

Suggest omeprazole as a more cost effective

alternative to pantoprazole.

Example

METHODS

Clinical decision support taxonomy

A preliminary list of 46 CDS tools was developed by the authors
based on examination of systematic literature reviews of clinical
decision support, extensive experience in the field of CDS, and
previously conducted qualitative research.'? 1 2 2° The authors,
through their research group, then organized and facilitated an
in-person conference which included a group of 11 national
experts in healthcare IT and clinical decision support in addition

case of combination products (such as hydrocodone/acetaminophen),

systems should check each ingredient for maximum daily dose,
Adjusting default medication doses based on indications entered by

Providing common doses of a medication for a provider to choose
ordering provider.

Assistance with adjusting or calculating medication doses based
from.

on patient characteristics such as age, weight, or renal or

hepatic function.
in combination with other medications the patient is receiving.

a medication exceeds a specified maximum daily dose. In the
Checking to see whether the combined lifetime dose of

Check medication orders against hospital or payer formularies

and suggest more cost-effective therapies.
Checking to see whether a single dose of a medication falls

outside of an allowable dose range
a medication exceeds a specified maximum lifetime dose.

Checking to see whether the combined daily dose of

CDS description

Table 2 Taxonomic assessment of decision support content and
function as designed and as implemented

Front-end tools Back-end system capabilities

ily dose

Maximum dail
checking?®

As designed Current project Wright et al'?
As implemented Classen et al*® NA*

*Function as implemented is a less significant category given that clinical decision support
functions are a necessary prerequisite for implementing content, and because the functions
available (although not necessarily used) as implemented are generally the same as
functions as designed.

Formulary checking?’
Single dose range
Maximum lifetime
dose checking®
Default doses/pick
lists?’

checking?®
Indication-based

Medication dose
dosing®

adjustment?®

Table 3 Taxonomy of clinical decision support (CDS) tools and survey results: medication dosing support

Totals (absence of ‘e’ indicates response of N (no), NA (not applicable), or (blank))

Medication dosing support

CDS type
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to the researchers themselves (supplementary online appendix A

Grand
total

includes a complete list of participants and organizing members - ® o ® = = o ~ o <=
of the multidisciplinary Provider Order Entry Team—POET). _

The meeting took place over 2days outside of Portland, £ v o e e o« = ~ v o -
Oregon in the spring of 2009. The complete list of 46 CDS tools a ®
was debated among all participants with meeting facilitation = * e s e * e+~
provided by POET team members. On the basis of this debate, g™ e o o o o o e o
several types of clinical decision support were added and some i e o o o o o . -
were modified or removed. In addition, the CDS types were 2

L K . X . . ) i Sl . . . . . o . . . =)

divided into six categories based on this discussion (and in

part on the taxa laid out in Osheroff ¢r a/® and other clinical g

L. . . . . =] ~ w0 w0 < ~ ~ =] el =) o
decision support taxonomies): medication dosing support, order = ©
facilitators, point-of-care alerts/reminders, relevant information ~ . o o ®
display, expert systems, and workflow support. Although based © . . e o . e
on the assessment of experts at the conference and modifications - e e e e e e . e e o

of existing CDS taxonomies, the six over-arching categories
= L] L] L] L] L] L] L] L] L] (=2}

were created primarily for the purpose of organizing and
analyzing the CDS survey responses. The final taxonomy ” LA L . e ~
contains a list of 53 CDS tools meant to provide a comprehen-
sive framework for describing all front-end tools currently in
use. The complete taxonomy, including CDS types and sub-
categories, descriptions and examples, is shown on the left-hand
side of tables 3—8.

Vendor
1
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
9

Survey

Once the clinical decision support taxonomy had been reviewed
and revised by the expert panel, following IRB approval, surveys
were sent to a purposive sample of nine major CCHIT-certified
commercial EHR vendors providing a broad array of ambulatory
and inpatient EHR systems: Eclipsys (recently merged with
Allscripts, Chicago, Illinois, USA); NextGen, Horsham, Penn-
sylvania, USA; e-MDs, Austin, Texas, USA; Epic Systems,
Verona, Wisconsin, USA; Cerner, Kansas City, Missouri, USA;

Allowing the provider to order ‘Digoxin 0.25 mg PO QD' as a single unit.
Suggesting a low-dose thiazide diuretic for a patient with hypertension.
Allowing the provider to order ‘Call HO for T >101, SBP >180, SBP <90,
HR >120, HR <50, RR >30, RR <10, OT sats <92%’ as a single unit.

£
® @
‘J; 7]
= s & 5 .
£ S 2 1]
5 s 2 3 5
- = = D I
w 17 o =} — w
o 3 S 3 o
- . . ® 2 E § 2 e 5
GE, Fairfield, Connecticut, USA; Greenway Medical Technolo- 5 & T B E 5 T
. . N = %] — S o —
gies, Carrollton, Georgia, USA; and SpringCharts, Houston o 9 5 £ 5 = B
y 7 7 U 7 7 = ] (=] = o 5 7]
. . . = = = = S
Texas, USA; and four healthcare institutions: Partners Health- 3 = - = = £ s
. . - 2 s B o © =
Care, Boston, Massachusetts, USA; the Regenstrief Institute, - B >3 8 g g @
. . . . o <] ‘S
Indianapolis, Indiana, USA; Intermountain Healthcare, Salt Lake }= 2 § gz &£ 2 i
. . .. ] = £ @
City, Utah, USA; and the national Veterans Health Adminis- % 2 2 £ 5 £ s =
. . . = = 7] = ] )
tration, Washington, DC, USA (see table 9 for locations and 2 E 3 E 2 3 g Y
. . S 5] 2
other information). 2 @ S = & o T =
. . >
Commercial vendors were selected on the basis of (1) CCHIT o 5 c o c 25 _
. . . . . = ° o = ) S @ @ =
certification and (2) EHR products in widespread use at multiple 2 s 5 I £ g 25 £ _ E
sites. The internally developed EHRs surveyed were in use at 2 § § - & 5 §3 8E 54 _E; 2
. . . . cp . © ;_ @ h=] h=] E=2a7 =] - =
healthcare institutions identified by Chaudhry et al as having the * § =2 3 % % %8 £2 2= o =
1 ber of high quali iewed articles describi S 2 § 8 2 5 24 g5 2738 2
argest number of high quality, peer-reviewed articles describing 8 S 8§ 2 Z - ¢ 5¢g —eE 2
: el o £ 4 [ =] k== (=]
their research and development activities.'' All surveys were & © § £ 5 B488 BTLgEFE g =
; ; a § o £ 5E£5£52 8BTS 5B3Ex 2
conducted via email and were sent to knowledgeable leaders 3 S 2 5 SZZ2g°S8 S5ESEEBES
. . . . . . - = £ 5 . L2 82535
and/or informatics staff within each organization (eg, CMIO, = i o g2 22 2 EE£E5EL EB 30 £
CEO, CMO) =3 § S8 % EEESE—S :’.’.:%gsgg’g
’ : o B =Z9° 5 s 0® o228 "Sg o,5@
For each type of clinical decision support, respondents were ? o 8535 ©2BEBRe  B_ 65 o09
. . . . BE @ wo vu*¥ us B =22 vwa T =
provided with a brief definition and a representative example 5 g E28 5<5e58 - SEC S0 gy =
. . . . B S L B2 52 5SEL 9 S B =
(identical to the types listed in tables 3—8) and were asked to -3 g 2 . Sefs8-858%" ¢ i.g 8 855
. . D = =] TT =00 =5 =T =ad &2 S= 8 @
indicate whether each tool was present (‘Y’) or absent (‘N’) as o i 5552535 8% 8 ; 8 oS o882 855§ g
. < ~ ” v Do OEs (=8 = =4 D » -
the system was designed. Respondents were asked whether the 8 a 2D EE 22089238252 8° o5 @
S * ” -2 8 E.E‘a‘e‘a‘g’ww ”» o mgguga »n 8 2
current release of their “EMR supports this type of CDS. = o S. 5cS55 5558522 SEE 52 B8 3
. [P o= D ° S5 558 5 ° s
Respondents were asked to answer according to the capabilities 5 8 S8353568 5062 a52628a 3
of the current version of their EHR system only, not on any z o E
e . . B :
planned capabilities or theoretical extensions, and were also e 5 8 o o & o8 % o -*
[ . . I=) » o = S = 8 7] v s
asked to focus on the capabilities of their systems as designed, B »E 583 % g 3 88 5 28 °
. A o =] - 2 D = © © o
rather than as typically implemented (appreciating that some ' EE8% s S 'E;, ;;’“% 2% 6% £ = 5 £E 5
=B L o 4 =] > [=] 5 1]
features may be used more than others). Respondents were also = 28|38 E5REB "R 28 £ g2 8
i i i i 2 ST 8525 E288E888 5§ 5 52
given the opportunity to provide comments to clarify each = w| 5233592535835 &8% 3 & 2% ¢
. . . © a| e = + k]
response, and were encouraged to contact the investigators with = ol s 2

N
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Allow the provider to link directly to prescribing
information for a medication at the time of ordering.
Display recent potassium levels when ordering digoxin.
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Indicate that a complete blood count costs $66 at the

time of ordering.
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Provide a special interface for chemotherapy order
entry, which might include relevant data display,

Show hydralazine and hydroxazine as HydrALAZINE
HydrOXYzine in a pick list.

special facilities for ordering complex or time-based

protocols, and reference information.

Vary the case of look-alike medication names to show

critical differences.
Provide special user interfaces for particular clinical

ordering.
scenarios.

Context-sensitive user

Tall man lettering®
interface®’

display*®

Totals: (absence of ‘e indicates response of N (no), NA (not applicable), or (blank))

doi:10.1136/amiajnl-2011-000113

any questions—several vendors requested meetings to discuss
their capabilities or ask questions, and these requests were
accommodated.

Data analysis

Results were compiled in Microsoft Excel and analyzed using
Excel and SAS. Based on the data collected, various descriptive
statistics were recorded. Given our small sample and purposive
sampling strategy, it was not possible to infer broad quantitative
characteristics of the CDS developers’ community at large.

RESULTS

Surveys were sent to nine commercial EHR vendors and four
healthcare institutions. We received responses from seven of nine
vendors (77%) and four of four institutions (100%) for an overall
response rate of 85%. Details about the systems surveyed,
including vendor/institution name, location, system name,
system version, and CCHIT certification year are presented in
table 9. From this point forward, we present anonymized results
in accordance with the preference of surveyed vendors and
institutions.

The complete results of the survey along each of the 53 types
of front-end CDS tools are shown on the right-hand side of
tables 3—8 and summarized by category in table 10.

The proportion of available CDS tools in each category for all
EHRs ranged from 28.3% to 96.2% (median 60.4%). Eight of the
53 types (15%) of clinical decision support were found to be
present in all surveyed systems: default doses/pick lists, medi-
cation order sentences, condition-specific and procedure-specific
order sets, drug—drug and drug—allergy interaction checking,
health maintenance reminders, and clinical documentation
(charting) aids. Twelve of the 53 types (23%) of clinical decision
support were present in all commercial EHRs and 16 (30%) were
present in all internally developed EHRs. All 53 categories of
decision support were present in at least one of the 11 systems
surveyed. Although no single system was capable of all surveyed
types of clinical decision support, two commercial systems and
one internally developed system had more than 90% of all
surveyed CDS tools.

Overall, certain classes of decision support features, including
order facilitators (81.8% availability) and dosing support
(80.5%), were more common, with most of these types of
decision support present in the majority of systems. Workflow
support (68.8%), point-of-care alerts/reminders (65.6%), and
relevant information displays (63.6%) were less common but
still prevalent in the majority of systems. Finally, expert systems
(41.3%), which includes tools such as diagnostic decision
support, treatment planning, laboratory data interpretation, and
ventilator support, was the least common class of CDS tools
available.

DISCUSSION

Among both internally developed and commercial systems,
there was significant variability in the available front-end CDS
tools as designed. While more than one system had over 90% of
the surveyed CDS tools, others had less than 60% and one
commercial system had only 28.3%. Several were present in all
11 systems, while others (including polypharmacy alerts, treat-
ment planning, look-alike/sound-alike medication alerts, diag-
nostic support, prognostic tools, ventilator support, and free text
order parsing) were present in as few as three of the systems
surveyed. Not surprisingly, the most common CDS tools were
generally the simplest, such as drug—drug interaction checking,
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Table 9 Vendors and institutions surveyed

CCHIT
Vendor/institution Product/system Version certification
Allscripts, Chicago, IL, USA Allscripts EHR 10 201
Cerner, Kansas City, MO, USA PowerChart/ 2007 2007
PowerWorks
Eclipsys, Atlanta, GA, USA Sunrise Clinical Suite 5.5 2011
Manager
e-MDs, Austin, TX, USA Solution Series 6.3 2008
Epic, Madison, WI, USA EpicCare Inpatient ~ Summer 201
2009
NextGen, Horsham, PA, USA Inpatient Clinicals 2.3 2008
GE, Fairfield, CT, USA Centricity EMR 9.2 2008
GMT, Carrollton, GA, USA PrimeSuite 2008 2008
SpringCharts, Houston, TX, USA SpringCharts EHR 9.5 2006
Partners HealthCare, Boston, LMR NA NA
MA, USA
Veterans’ Affairs Health System, VistA NA NA
Washington, DC, USA
Regenstrief Institute, Indianapolis, ~ RMRS NA NA
IN, USA
Intermountain Healthcare, HELP-2 NA NA

Salt Lake City, UT, USA

while the least common were advanced expert systems such as
treatment planning and diagnostic support. In general, ambu-
latory EHRs had a lower proportion of surveyed CDS functions
when compared with inpatient EHRs.

Our findings also show that certain classes of CDS tools are
more commonly available. Dosing support (eg, default doses/
pick lists) and order facilitators (eg, condition-specific order
sets) were the most common classes of CDS tools available
while expert systems (eg, ventilator support) was the least
common class. The variation in availability of different CDS
categories is not surprising given that each requires differing
knowledge bases and varying expertise. While all forms neces-
sitate significant investments (both financial and otherwise),
vendors and healthcare institutions may preferentially avoid
incorporating the most resource-intensive content into their
systems.

Overall, the results of our survey indicate that although
a diverse range of CDS tools exists in both vendor and internally
developed EHR systems, there remains significant room for
improvement in making these tools more widely and consis-
tently available. Given that our sample of commercial and
internally developed systems represents some of the most
advanced and most widely used systems and assesses their
optimum CDS capabilities, our results indicate that the general
availability of decision support tools remains limited even in the
best of cases.

It is important to consider that these results are based on each
system as it is designed, not as it is actually implemented and
used at real-world sites. The gap between the available tools as
a system is designed and how that system is actually imple-
mented and used in clinical practices can be substantial, specif-
ically in the case of commercially developed EHR systems. While
vendors may incorporate a certain CDS tool into their system,
whether that tool is ultimately available to the end-user is
highly dependent on institutional priorities, governance prac-
tices, and implementation procedures.”’ In this project, we
examine the off-the-shelf CDS tools as designed in a purposive
sample of leading EHRs. In evaluating a commercial EHR for
possible adoption, it is important to consider both the tools
that are available as designed or ‘out-of-the-box’ and what tools
will actually be implemented based on the priorities and needs
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Table 10 Summary of capabilities of commercial and internally developed systems by category

Vendor

Internally developed

% Content % Content  Overall %
Decision support capabilities 1 2 3 4 5 7 available 1 2 3 4 available available
Medication dosing support (7 features) 7 6 6 5 7 6 5 85.7 i 5 2 6 7.4 80.5
Order facilitators (9 features) 9 7 7 9 9 6 3 79.4 7 8 7 86.1 81.8
Point-of-care alerts/reminders (14 features) 14 7 9 8 13 9 5 63.2 13 9 8 6 64.2 65.6
Relevant information display (5 features) 5 3 3 1 5 4 1 62.9 3 2 3 65.0 63.6
Expert systems (11 features) 9 3 1 2 9 4 0 36.3 10 2 3 7 41.7 41.3
Workflow support (7 features) 5 6 4 3 7 6 1 65.3 5 6 3 75.0 68.8
Grand totals
% Features available 925 604 56.6 528 943 660 283 644 96.2 585 547 604 674 65.5

of the institution. Each institution, whether developing ‘home-
grown’ systems or purchasing one from an outside vendor,
needs to consider the specific decision support tools that are
right for them and prioritize different types of CDS based on
institutional needs.

Consideration of both back-end system capabilities and front-end
tools is vitally important for the evaluation and development of
EHR systems. Off-the-shelf systems may offer ready-to-use
tools but may limit the ability to customize these tools through
different combinations of CDS system capabilities. In contrast,
a home-grown system with robust CDS system capabilities may
offer a great deal of flexibility but may also require a greater
investment of time, resources, and expertise to create front-end
tools. In general, as long as a system includes enough basic
system capabilities, the end-user can create any type of CDS
tool. Realistically, however, the end-user may lack the time,
resources, expertise, or creativity to create tools by combining
available system capabilities.

There are a variety of ways to promote broader availability of
CDS tools for the system end-user. One solution is simply for
vendors and institutional developers to expand the variety of
CDS tools available in their systems, which we hope they will
continue to do in light of these results. However, given that this
might not be feasible in all cases, additional means are necessary
for increasing the availability of a range of CDS tools. One such
solution is the use of external CDS tools (including web or
software-based tools) that can add third-party content by
‘talking’ to the EHR via an application programming interface.
Another option is the use of general purpose rule engines, which
allow end-users to more easily customize tools based on avail-
able system capabilities. Service-oriented architectures such as
SANDS also provide a means of making more CDS tools avail-
able.”? 7 In general, it will be important to better understand
end-user preferences and workflow habits in order to optimally
improve these systems.

The taxonomy of front-end CDS tools described in this paper
provides a novel means of assessing currently available decision
support tools and it is our hope that this comprehensive
taxonomy will also serve as a roadmap for vendors and insti-
tutional developers working to expand both the back-end CDS
system capabilities and front-end tools in their systems. In
addition, our taxonomy may also be of value for informing
future certification criteria and stages 2 and 3 meaningful use
requirements. Together, this taxonomy and the results of our
survey also provide healthcare institutions with a framework for
evaluating the capabilities of clinical information systems which
may be useful as they evaluate the purchase or development of
such systems. As meaningful use requirements continue to
expand, more decision support tools will be necessary and it is
imperative that healthcare institutions and commercial vendors

240

continue to extend the range of CDS tools available to increase
the quality and efficiency of care.

Our method of analyzing commercial and internally developed
EHR systems has several potential limitations. First, we surveyed
a very small sample of the commercial and home-grown systems
currently in use. We employed a purposive sampling strategy in
order to capture information about leading vendor-based and
internally developed EHRs. However, this strategy limits the
conclusions that can be drawn from survey results and their
generalizability. Second, the use of a survey to evaluate these
systems is a potential source of error due to the possibility that
respondents may have inadvertently (or optimistically) misrep-
resented features of their system. One particular potential
concern is highly extensible systems that support add-ons by
customers (eg, via medical logic modules or an application
programming interface). When asked, we instructed vendors to
answer based on decision support types that are made available
to customers and not to include types that could conceivably be
developed through extension or additional programming.
However, it is possible that some vendors still answered affir-
matively for decision support types that could theoretically be
implemented in their systems, but which have not actually been
developed. Third, the survey analyzed systems and their front-
end CDS tools as they were designed, rather than how they
might be implemented and used in a real-world setting. For
vendor systems, there may be a significant gap between the tools
that are possible in a given system and those that are actually
implemented at a given site. Finally, this project assesses only the
presence or absence of each type of CDS tool delineated in the
taxonomy, but does not attempt to measure or weight the
importance of the tools. Indeed, some tools might be significantly
more important than others, so it is not necessarily the case that
the system with the highest proportion of CDS types offers the
‘best’ CDS. A system for prioritizing and weighting CDS types
would be a useful future research direction. It would also be
valuable to repeat the survey of decision support content at
customer sites using our taxonomy in order to gauge the validity
of vendor responses and to assess the potential gap between
systems as they are designed and as they are implemented in the
clinical setting.

CONCLUSION

To assess the clinical decision support capabilities of leading
commercial and internally developed EHRs, we developed
a comprehensive taxonomy and survey of the types of the front-
end CDS tools currently in use. We found wide variability in the
decision support tools available in commercial and internally
developed EHRs. As pressure to perform more advanced CDS
increases, EHR developers will need to incorporate a broader
range of CDS tools into their systems.

J Am Med Inform Assoc 2011;18:232—242. doi:10.1136/amiajnl-2011-000113
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