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Abstract

BACKGROUND: Despite a decade of experience with the design and implementation of
clinical document imaging (CDI), few quality research reports have been published
regarding this technology’s impact on healthcare. OBJECTIVES: To develop practical
quality and performance indicators that can be used to monitor and evaluate clinical
document imaging systems. DESIGN: Qualitative analysis of semistandardized
interviews., PARTICIPANTS: Fourteen clinical document stakeholders from within our
institution, and 15 CDI project leaders at outside institutions identified through the
literature and a CDI evaluation team at our institution. RESULTS: Internal evaluations
of CDI performed by medical record departments have focused on quality assurance in
the document scanning process. Over 65 potential quality measures were identified and
organized with a triple perspective model. CONCLUSION: CDIis a technology being
implemented in many healthcare institutions but is seldom studied by medical informatics
professionals. An evaluative process that balances measures from the perspectives of
those involved in operations, strategic planning, and clinical care may provide the most

descriptive assessment of a CDI system’s quality and performance.



Introduction

The fully electronic patient record has been called the “Holy Grail” of clinical computing,
[1, 2] and a fully computerized electronic patient record remains out of the reach of
many healthcare systems seeking to improve access to patient information. Despite slow
progress on the wide-scale deployment of computerized patient records, there are
immediate pressures to deliver patient records to the point of care with speed and

security. [3]

Clinical document imaging (CDI) has emerged as a solution that meets the information
needs of healthcare providers while fully electronic patient record systems are developed
and improved. In the past, document imaging was seen as a step backwards from a fully
electronic medical record. [4] However, CDI technology is increasingly considered a
bridge that allows electronic patient record systems to facilitate a seamless transition
from our current paper-based arrangement. In fact, many electronic record vendors have
embraced imaging by incorporating the technology into their clinical information
systems. Such systems function as hybrids, where image management functions in

concert with coded, searchable fields to provide a more flexible documentation system.

Despite a decade of experience with design and implementation of clinical document
imaging, no rigorous investigations have been performed evaluating this technology. In
order to enhance our understanding of clinical document imaging, research was

conducted to:



e Explore what is known about clinical document imaging systems through a
systematic review of the literature
e Highlight opportunities for future research revealed from the literature review
» Augment this body of knowledge with original research that contributes to our
understanding of how to scientifically evaluate these systems
With these goals in mind, the available literature concerning clinical document imaging is
reviewed below along with a discussion of topics that present an opportunity for further
investigation. In the following sections of this paper, an original investigation into

quality and performance indicators for CDI systems is presented.



Background: A Review of the Literature on Clinical Document

Imaging

LITERATURE REVIEW: METHODOLOGY

Table 1. Bibliographic search strategy

Document imaging.mp

OR

((Medical records systems, computerized/ OR
exp Management information systems/ OR
Forms and records control/ OR

exp medical records/ OR

medical record$.mp.)

AND

(Copying processes/ OR

Optical storage devices/ OR

Image processing, computer-assisted/)
AND

((digitis$ or digitiz$).mp. OR

imaging.mp.))

NOT

(exp magnetic resonance imaging/ OR
"mri*.mp. OR

medical image.mp. OR

Radiology information systems/ OR
exp diagnostic imaging/ OR
"diagnostic imaging".mp OR

exp Radiography/ )

LIMIT TO English language

With the assistance of an experienced
research librarian, the bibliographic
databases MEDLINE, CINAHL, and
HealthSTAR were searched for articles
about clinical document imaging systems.
Unfortunately, there is no single Medical
Subject Heading that conceptualizes
clinical document imaging and therefore a
complex search strategy was employed to
locate relevant articles. Table 1 contains a
complete description of the search

methodology. Briefly stated, “Document

imaging” was searched as a keyword and these studies were combined with papers that

referenced medical record systems. Articles relating to radiographic or diagnostic

imaging, or financial record imaging were excluded as were articles written in languages

other than English. The abstracts of each of these papers were then reviewed in order to

exclude papers that did not relate to clinical document imaging. The articles’

bibliographies were also checked for other papers suitable for inclusion in this review.



RESULTS OF LITERATURE REVIEW

Paper Quantity
Forty-three suitable papers were found and included in this review. The earliest articles
appeared in 1990. The number of clinical document imaging papers peaked during the

mid-1990s and has since declined; only 2 papers were published in 2001. (See Chart 1)

Chart 1.
Document Imaging Papers et aity ol
. e majority of articles
Published by Year B
were classified as
w 10 T =5 . = .
g o e || reports/case series (42%)
£ LN | —
or opinion/editorials
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-E o 1N / oy A (42%). Other articles
: B .
—— L B were reviews of the
O — N M = N W~ 0 g O —
o O O O 9O O G O OO OO O O
g G OO O G O Oy O O OO O O .
- o e e v e = o e e o available technology
Year
(5%), news-related (5%),

or workgroup reports (2%).

Paper Quality
No formal research investigations were found that examined the use of document
imaging technology to store clinical records (see Appendix A). Eighty-two percent of

articles contained no references; of the eight that did contain references, only 3 contained



more than two

Table 2. Most Popular Journals for Document Imaging Articles citations. Forty-two

Journal Journal Type Ih:::lt:r;f;esr of percent of papers
| Healthcare Informatics Trade 15 )
described case
Journal of AHIMA Academic 12
reports of successful
Health Management Technology Trade 8

document imaging

projects. (A list of institutions reported to have installed clinical document imaging
systems is found in Appendix B.) There have been no papers published in the academic

medical informatics literature.

Sixteen papers were opinion/editorial in nature or reviews of the technolo gy utilized to
implement clinical document imaging, such as scanner hardware or storage devices. Two
market surveys were found, with response rates of 18% [5] and 21%. [6] The majority of

articles appeared in the non peer-reviewed trade publications (see Table 2



Factors Motivating Document Imaging System Implementation

Table 3: Factors Motivating CDI Implementation Many of the articles on document

| Successful implementation in business office imaging focus on the factors that led

" Concurrent access to patient data s .
to the decision to pursue this

Improve post-discharge workflow
technology at particular institutions.

Tnprove chart completion process
Some of the earliest implementations

Improve security

" Reduce misfiles noted that success with document

Decrease medical record space requirements imaging in the financial or billing

office led to a desire to scan medical records. [7], [8] Another frequently cited reason for

choosing to install a CDI system was the necessity for concurrent access to medical data
in multiple locations or the desire to change the workflow of the post-discharge

paperwork from a serial process to one that allows multiple users to access the record in

parallel. [7], [9], [10], [11]



Serial Workflow Process before CDI

Parallel Workflow Process after CDI

[ e — S

|

I

Two institutions specifically noted the need to improve the chart completion process. [7],
[12] Other administrative requirements included improving security, [7] reducing
musfiles, [9], [13] and the need to decrease the space occupied by medical record

departments. [9], [14], [15]

Implementation Strategies

Of the institutions that reported an implementation strategy (66%), the majority phased-
in document imaging systems to one clinical area at a time, commonly the emergency
department (see Appendix B). Memorial Sloan-Kettering uniquely reported the addition
of document imaging to a pre-existing disease management system, scanning all

historical records at the outset. [7] (It is likely that other institutions have not chosen this



strategy because the manual indexing of clinical documents that pre-date the scanning
system is prohibitively expensive since these documents lack the barcodes that facilitate

automated indexing.)

Outcomes

Financial

The most frequently reported outcome measures for a successful document imaging
project were financial (see Table 4). Memorial Sloan-Kettering Hospital, one of the
carliest adopters of this technology, estimated an annual savings of $1.2 million through
simplified management, maintenance, and storage of digital documents. [7] Other
institutions noted faster coding [15] and chart completion [12], [7] which can result in
reduced accounts receivable delays. [16] For example, Saint Vincent Health Center
reported that after document imaging was implemented, all coding and chart abstracting
were completed within 2 days of discharge, and month-end closing, a process that
describes the time in which coding and abstracting errors are completed, was reduced

from 10 to 4 weeks. [12]

Table 4. Institutions Reporting Financial Outcomes from Implementing CDI

Institution Method Expense Reduction or
New Revenue

Memorial Sloan- simplified management, maintenance, and $1,200,000 / year

Kettering storage of digital documents

in-house processing of record requests $380,000 / year

University of reduced file folder and label use $30,000 / year

Cincinnati staff reduction 12% in HIS department

MacNeal Health reduced chart supply costs $1.50 / patient / year

Network $4.27 one-time savings /
new patient

San Jose Medical | in-house processing of record requests $100,000 / year

Center




Many institutions reported reductions in supply costs. The University of Cincinnati,
another early adopter of document imaging technology, described a $30,000 yearly
savings from eliminating file folder and label use in the medical record department. [17]
An ambulatory provider organization noted a chart supply savings of $1.50 per patient

per year for existing patients and a one-time savings of $4.27 for new patients. [18]

As aresult of reduced filing and physical movement of charts, health information
services (HIS) clerical staffing was reduced in several centers. The University of
Cincinnati reported a staff reduction of 12% in their HIS department. [17] The MacNeal
Health Network reported a 50% reduction in nursing and clerical support staff on paper-

related tasks within 6 months of implementation. [18]

Prior to document imaging, many institutions sub-contracted responses to requests for
copies of records made by patients, insurers, and lawyers. Providing this service in-house
resulted in additional revenue generation. Anderson reported $380,000 in new revenues
at Memorial Sloan-Kettering [7] while San Jose Medical Center noted $100,000 in new

income per year. [16]

Improved Customer Service
The University of Cincinnati reported improved customer service resulting from

document imaging system implementation. Turn-around time for release of information



requests was reduced by 30% and time to access to the charts by researchers decreased

from a standard 48 hour delay to instantaneous availability. [17]

DISCUSSION: OPPORTUNITIES FOR RESEARCH

Increasingly, clinical document imaging is being implemented by healthcare
organizations to address several of the deficiencies found with a paper health record.
Although clinical document imaging systems do not meet the definition of a
computerized patient record as described by the Institute of Medicine, [19] the
institutions cited in these articles report that these systems provide important
functionality that is an improvement over the traditional, paper-based approach.
Accessibility can be improved when CDI client software is available over an institution’s
network to allow simultaneous access to a patient’s chart. Additionally, many of these
systems can be configured to allow role-based access to the chart while automatically
creating an audit trail of those who view the record, potentially improving security and

confidentiality.

Although CDI as a strategy has been criticized as a step backwards by some, [4]
hesitation by the academic informatics community to embrace clinical document imaging
has not deterred vendors and health systems from implementing the technolo gy. This
interest in clinical document imaging among users may signal an opportunity for
informatics researchers to improve our understanding of how these systems impact an

endeavor as complex as healthcare delivery.

10



In order to determine scientifically the potential value of clinical document imaging as an
informatics technology, one must consider CDI’s impacts on the many stakeholders of
healthcare records. The literature on CDI has presented many uncontrolled, post-hoc
analyses that seem to favor implementation of these systems. However, health
organizations are complex, dynamic systems that may be susceptible to phenomena
analogous to the “butterfly effect” as described by Edward N. Lorenz. (The butterfly
effect explains how seemingly small changes can result in large effects, some of which
may be unanticipated.) [20] The introduction of changes to a system, such as the
implementation of a clinical document imaging system, can result in a wide spectrum of
outcomes that may only be understood when careful, prospective controlled analyses are

conducted.

The technological merits of CDI will likely not determine the ultimate value of CDI
systems. Rather, the way in which the technology is implemented and utilized will
establish the contribution of clinical document imaging to improving healthcare systems.
Thus, CDI evaluations must be based on metrics designed to evaluate implementation

and utilization success and validated for the study of performance and quality.

In the next section of this thesis, I present early research on the performance and quality

factors that may be used to evaluate a clinical document imaging system. The results of

this work will provide a foundation upon which further study of CDI may be constructed.

11



Methods

Research Question

This study sought to answer the question: “What indicators should be used to measure the

quality and performance of a clinical document imaging system?”

Overview of Design

A qualitative design involving three phases was chosen to develop a broad list of
potential performance and quality indicators and then refine them into practical, useful
metrics. The three study phases were: (1) the internal-interview phase, consisting of
semistandardized interviews of clinical document imaging stakeholders at one institution,
conducted to generate a comprehensive list of potential metrics, (2) an external-interview
phase, comprised of semistandardized interviews of clinical document imaging project
managers at outside institutions, performed to further expand the potential indicator list
and triangulate previously collected indicators, and (3) a review of the suggested

indicators by a CDI evaluation team at Oregon Health & Science University.

This study was found to be exempt from review by the Institutional Review Board of
Oregon Health & Science University, where the internal interviews and review took
place. Subjects provided verbal consent to participate after the researcher explained the

study to them and time for questions was provided.

12



Phase I: Internal Interviews at a CDI-naive Institution

SUBJECTS

For the internal interview phase of the study, subjects were selected using a combination
of representative sampling and snowball sampling methods. [21] The researcher
generated a list of potential clinical documentation stakeholders at Oregon Health &
Science University and, starting with members of the committee charged with
implementing the document imaging system, one participant from each stakeholder group
was selected. In order to discern hidden populations that might have an interest in use of
the clinical document imaging system but were not on the initial list of potential
stakeholders, participants were asked to name other potential subjects for the study.
Potential subjects from new stakeholder groups were contacted. All subjects contacted
for participation in this phase of the study agreed to participate and provided usable

interview material.

OBSERVATIONS

One-hour interviews of the subjects were performed utilizing a semistandardized
technique. This interview format was chosen to address varying levels of prior
knowledge of CDI and to ensure the subjects’ responses were clearly understood. [22]

Each interview started with an introduction of the interviewer and the topic to be

13



discussed followed by a description of the purpose of the study. Subjects were asked
about their knowledge of clinical document imaging systems, including how the systems
function and how they might be used by the subject in performance of their daily work.
Subjects who were unfamiliar with the concept of “clinical document imaging” were
given a brief description of the technology and its intended use at Oregon Health &

Science University.

Once subjects had an understanding of clinical document imaging, they were asked a
series of open-ended questions:
* “In your opinion, why is the institution implementing a clinical document imaging
system?”’
¢ “Are there problems with the current documentation system that might be
addressed by clinical document imaging?”’
e “How did you become aware of these problems with the current documentation
system?”
Each subject was asked a question similar to those above; however, the exact wording of
the questions varied from subject to subject to allow the question to be asked in a way the
subject could easily comprehend. This usually involved altering phrases like “current
documentation system” to “chart,” for example, to more closely align the researcher’s

questions with the vernacular of the subject.

14



The above questions were asked with the intent of discovering current deficiencies in the
chart delivery systems and how the subject became aware of these issues. These
questions were followed-up by more focused queries, for example:

e “Are you aware of any current studies of these issues?”

e “Has anyone measured the degree of [this problem]?”
These follow-up questions were designed to understand whether the subjects based their
opinions of the current system on subjective or objective data, since these data would be

important to measure as baseline characteristics before the new system was implemented.

Finally, subjects were asked a focused question regarding potential quality and
performance indicators:
e “What parameters do you think could be measured to gauge the performance and
quality of the CDI? system”
Before completing the interview, subjects were asked to suggest other candidates for this

study, thereby expanding the list of potential stakeholders.

All interviews were conducted by the author (TY). Handwritten field notes were taken

during each interview. Following the interview, the investigator transcribed the field

notes and post-interview reflections into a word-processing system.
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Phase II: External Interviews with CDI Experienced Institutions

SUBJECTS

In the second phase of the study, subject institutions experienced with clinical document
imaging systems were identified from the literature search (see Appendix B). Whereas
Phase I of the study attempted to broadly represent the opinions of stakeholders at an
institution which had no previous experience with CDI, Phase IT sought out
knowledgeable leaders of CDI projects at external institutions. An attempt was made to
contact a clinical document imaging project manager or administrator at each of the 24
institutions by telephone as these individuals were thought to be most familiar with the
usc and evaluation of CDI. This cohort differed from the subjects of the proceeding
phase (internal interviews) in that they were (1) selected from a narrow group of

stakeholders and (2) were experienced with CDI and its evaluation.

OBSERVATIONS

Telephone interviews were conducted with the subjects by the investigator. Subjects
were asked to describe any quality or performance indicators that their institution has
measured to evaluate the success of the document imaging project. Each interview lasted

from 5-25 minutes.

16



The interviews were similar in structure and content to those in Phase I. After subjects
were given an overview of the study, they were asked questions similar to those asked in
Phase I:

e “What lead to the implementation of CDI at your institution?”

e “What parameters are you using to gauge the success of the CDI program?”

e “What measures could you recommend be analyzed to determine the quality and

performance of CDI?”

Pertinent follow-up questions were asked to clarify the subjects’ responses. Field notes

were directly transcribed into a word processing program.

Phase Ill: Review of Indicators by CDI Evaluation Team

SUBJECTS

In the third phase of the study, the potential performance and quality indicators were
evaluated by the CDI Evaluation Team at our institution. This team was assembled prior
to the initiation of the scanning of documents and consisted entirely of health information
service personnel. Each of the members of this team had been previously interviewed in

Phase I and had contributed to the suggested CDI indicators list.

OBSERVATIONS

The investigator presented the proposed performance and quality indicators generated by
Phase I and Phase II of this study to the subjects at a group meeting. Each potential

indicator was explained by the researcher and discussed by the subjects in the group.

1'%



Subjects then met without the investigator present to rate each indicator on a Likert scale
of 1-5 with regard to (1) the feasibility of measuring that indicator at our institution and
(2) the usefulness of that indicator as a measure of quality and performance for clinical
document imaging. The results of the ranking were the presented by the subjects to the

researcher at a subsequent group meeting.

18



Results

Phase I: Internal Interviews at a CDI-Naive Institution

All subjects contacted for participation in this phase of the study agreed to participate and
provided usable interview material. Sixteen unique stakeholder types were identified
through the purposeful and snowball sampling methods and fourteen subjects were
interviewed (some subjects represented more than one stakeholder category). (See Table
4)

Table 4: CDI Stakeholders Interviewed

Phase | Phase Il Phase Ill
Clinical

Clinical Researcher
Coding Personnel
Inpatierit.Physmlan

. I:;rifnary Care Ph&siciari
i\lurse -
Outbatient Physician
Risk Manager —
éurgébn

ASANANANANANANAN

Operational

Clinical Information Systems
__Officer

Document Imaging Project
_Manager _ -

Heaith Information Services

Director

Information Systems Specialist

<

NAVEN RN
HEYAY
NANENENEN

Information Officer

Strategic

Financc_e Officer
Medical Director
Medical Information Officer

o8
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After conducting 10 interviews, saturation was reached, and the subsequent 4 interviews
did not yield additional potential indicators that had not already previously been

mentioned by other subjects.

The subjects in the internal interview phase of the study generated 56 potential quality

and performance indicators for clinical document imaging projects.

Phase II: External Interviews with CDI Experienced Institutions

Fifteen of the twenty-four institutions identified in the literature as having a clinical
document imaging system were successfully contacted and participated in the telephone
interview. The subjects all worked in the medical records department either as senior
administrators or directors of the document imaging project. Although published reports
indicated that each institution had a document imaging system, four of the fifteen
institutions (26%) reported they were not currently using a clinical document imaging
system because the system had either been abandoned or was not yet installed (sec

Appendix D, table 1). Thus 11 institutions provided usable data for this analysis.

Only one institution reported a formal measure of user satisfaction, which consisted of

logging user complaints in a central database. Most used informal methods to gauge

satisfaction. Six of the institutions implemented a scanning quality-assurance process,

20



which reviewed scanned documents for readability, indexing, and missing pages. Two of
those departments still review 100% of the documents even though the systems have

been in place for several years.

Overall, 12 potential quality and performance indicators were identified from the external
interview phase of the study. Only two of these 12 indicators were elicited from the
internal interview (Phase I) portion of the study: readability of scanned images and chart

delinquency rate (See Appendix C).

Potential Performance and Quality Indicators

Both sets of subjects identified a combined total of 66 possible quality indicators. The
majority of the measures (56 of 66) were elicited from the internal interview phase of the
study. Twelve indicators were suggested by participants in the external interview phase,

including two that were also mentioned in the internal interview phase.

A framework to organize the indicators, according to stakeholder interests, was
developed based upon the work of Ann Greer [24]. Tn 1984, Greer described the three
hospital “decision systems” that evaluate hospital technologies: the medical-
individualistic system, the fiscal-managerial system, and the strategic-institutional
system. Greer used these three strata to classify the motivations for implementing
technologic innovation and explain the processes that led to the adoption or rejection of

certain technologies. ~ Although Greer applied this classification strictly to describe the

21



initial evaluation of a technology within the hospital setting (i.e., the decision whether to

implement it or not), extending this framework to post-implementation evaluations

provides a schema for considering the multiple views of healthcare stakeholders with

regard to technology. To suit the purposes of this thesis, the system names have been

simplified:
Greer’s Decision Systems CDI Evaluation Groups
medical-individualistic — clinical user
fiscal-managerial system — operational
strategic-institutional — strategic

Clinical User Measures

Suggested
during
Phase |

Suggested
during
Phase I

Amount of time clinicians spend with patients and how this
changes when clinical document imaging is introduced

v

Auvailability of reports from outside institutions (new patients,
outside labs/radiology, etc.)

\

Auvailability of workstations in locations where peer review,
chart audit, quality assurance, morning report, or M&M are
taking place

End-user perception of ease-of-use

Number of requests made to medical records before a chart is
delivered

Percentage of documents requested that are actually made
available to the requestor

Time from discharge (from hospital or clinic) to when record is
available for viewing online

Time it takes a user to find a particular document

Time it takes for a researcher to obtain charts

Time saved in clinical care when clinical document imaging is
introduced

Time-motion measurement observing the length of time it takes
to get a patient’s chart in view

User satisfaction: coders

User satisfaction: nurses

User satisfaction: referring attendings

BT N T e W B TV I N O e W AN
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User satisfaction: researchers

User satisfaction: residents

User satisfaction: students/educational users

ANRNRNEN

User satisfaction: university attendings

The clinical data user group is comprised of those individuals with the most personal
interest in the clinical documentation system: those who rely upon it to conduct their
daily work. This group includes clinicians and others who use clinical data to perform
their duties: doctors, nurses, medical students, and also risk managers, coders,

researchers, and quality assurance personnel.

This clinical data user group can be further subdivided along the dimension of time-
sensitivity. Clinical data users with a high time sensitivity would include those engaging
in active clinical practice where the data is necessary at a particular moment in time and
its value may vary depending on the amount of time that it takes to retrieve that data.
Thus, for the physician in the emergency department, quality measures such as the time
to pull a particular patient’s record into view could be of high importance. The risk
manager may not have such time constraints and view other measures as more important,
such as how many resources could be saved by faxing documents instead of mailing them
to outside reviewers. Although not explicitly considered here, the “time-sensitive/time-
insensitive” perspective should be considered when evaluating user satisfaction among

different groups.

The second group in this framework is the operations group, which includes all the




Operational Measures

Suggested
during
Phase |

Suggested
during
Phase li

Amount of online correction of dictation

Chart delinquency rate

v

Coder accuracy

Coder productivity

ANANENEN

Error rate: document misfiled in document imaging system but
within correct chart & encounter

Error rate: chart scanned into correct patient’s record but wrong
encounter

Error rate: chart scanned into wrong patient’s record

<

Error rate: documents not indexed in chronological order

AN

Error rate: Inconsistency of filing of unusual documents (which
may be searched for later by researchers).

\

Foot traffic in medical record department

Formal complaint tracking in a central database

AN

Job satisfaction among coders

Length of time from discharge to chart returned to medical
record department

Lost document rate

Medical record storage costs

AN NI AN

Mis-scanned document rate

Number of pages scanned per day/week/month/quarter/year

SIS

Number of pages scanned per day/week/month/quarter/year
broken down by document type

Number of paper charts pulled

Number of requests for faxed charts

Number of requests for printing charts from the document
imaging system

Number of workstations

& SN S

Percentage of charts delivered to outside requestors using
electronic formats (fax, secure email or file transfer, disc)
compared to paper (mail, courier)

Percentage of documents not yet scanned 48 hours after
discharge

Percentage of documents requiring manual (instead of
automated) scanning

Percentage of non-barcoded forms in use

Readability of scanned images

Stability or “uptime” of the system

User satisfaction: other medical record staff

User satisfaction: outside requestors (patients, lawyers,

NSNS S
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insurance companies)

User satisfaction: quality assurance staff

User satisfaction: risk managers

ANRN RN

Workstation usage by location

personnel that support the CDI system for the clinical users, such as medical records staff

and the information technology division. This group might place a high value on

indicators such as system stability, number of record requests in the CDI system, or the

number of misfed pages occurring during the scanning process.

The third group is termed strategic and includes those who finance the operation of the

Strategic Measures

Suggested
during
Phase |

Suggested
during
Phase Il

Accounts receivable lag time

Copying and postage changes (fulfilling outside requests)

Discharge summary delivery to outside/referring PCPs

DNF (discharged, not final bill) time

Effects on regulatory compliance

Effects on security

FTE changes due to system implementation

Growth of site-specific or shadow chart systems

Lag time for operative charges

Length of time it takes before users rely solely on imaging
system instead of imaging and requesting paper chart

Microfiche cost changes

Number of scanned documents that contain data available
elsewhere in system (lab data, transcribed reports, etc.)

Release of information profits

AER NI A NERNEANENANANANENANENAN

system and determine how it fits into the vision of the organization that installs it. This

group would be comprised of high-level administrators such as the medical director and
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financial officer. Measures of interest to this group include reduction in staff costs and

productivity among clinicians.

This framework provides a helpful way of organizing the indicators. However, many of
the indicators may fall into multiple categories as the groups are not mutually exclusive.

These groupings are presented here for convenience and will require future validation.

Phase llI: Review of Indicators by CDI Evaluation Team

In Phase III of this study, the complied list of potential performance and quality
indicators was reviewed and assessed by the clinical document imaging evaluation team
at Oregon Health & Science University. This group was comprised of the leadership of

Table 5: Indicators Scored as “Least Useful” by CDI the health tnformation

Evaluation Team.

services department and

Indicator Type

Amount of time clinicians spend with patients and Clinical

how this changes when clinical document charged with performing
imaging is introduced

Number of requests made to medical records Clinical the ongoing evaluation of
before a chart is delivered

Time it takes for a researcher to obtain charts Clinical 0

Time saved in clinical care when clinical Clinical the project. They rated the
document imaging is introduced )

Time-motion measurement observing the length Clinical perceived usefulness of

of time it takes to get a patient’s chart in view

User satisfaction: referring attendings Clinical each indicator as a measure
Foot traffic in medical record department Operational

Number of pages scanned per Operational of performance and quality
day/week/month/quarter/year

Number of requests for faxed charts Operational . .
Number of workstations Operational of the document imaging
Workstation usage by location Operational . o

Copying and postage changes (fulfilling outside Strategic project. Additionally, they
requests)

Discharge summary delivery to outside/referring Strategic scored the perceived ease
PCPs

Volume of patients seen with new system Strategic
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with which these indicators could be measured at our institution.

The indicators ranked as “least useful” were taken from each of the three categories
(clinical, operational, and strategic) in rough proportion to the overall number of
indicators from those categories, and all were ranked as “most difficult” to measure. Six
indicators were given a rating 2 to 4 on the 1-5 scale (“intermediately useful”) (See
Appendix C). The remaining indicators, which comprised nearly two-thirds of the total
number of indicators, were ranked 5 out of 5 in terms of usefulness. Two indicators were
not ranked (“Microfiche cost changes” was ranked not applicable and “Formal complaint

database” was marked as “unclear”).

27



Discussion

This study found that there are many potential quality and performance indicators for
evaluating a clinical document imaging project. Subjects at both the investigator’s
institution, who had no prior experience with clinical document imaging, and those at
outside institutions, who had a great deal of familiarity with CDI, were very eager to
share their thoughts regarding metrics for evaluating quality of CDI. There was no
difficulty in recruiting subjects, especially at the home institution, which possibly reflects

the participants’ desire to help shape the implementation of the new system.

These quality and performance indicators have been categorized according to a schema of
clinical, operational, and strategic measures. This provides a convenient method for
grouping the indicators. However, there are other possible systems for organizing these

indicators.

Eleanor Chelimsky, former director of the U.S. General Accounting Office’s Program
Evaluation and Methodology Division, has proposed a three-perspective model that
identifies evaluative studies according to their purpose: to measure and account for the
results of a program (accountability perspective), to determine the efficacy of projects
and their component processes (developmental perspective), or to gain explanatory
insights into problems and past efforts to address them (knowledge perspective). [23]
Chelimsky’s framework is similar to Greer’s classification of technological decision-

making bodies in hospitals in that it recognizes three perspectives from which evaluations
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are performed, but Chelimsky explicitly considers the reason for the evaluation rather
than relying on a classification based on the particular stakeholders involved.
Chelimsky’s framework for evaluations could provide an alternative classification

scheme for the CDI indicators.

It is possible to correlate the CDI indicator groups to Chelimsky’s framework, however,
because the CDI indicators are classified based upon stakeholder roles within

Table 6: Chelimsky’s Multiple Perspective Framework for  organizations. The
Evaluation Applied to CDI

Perspective CDlI Indicator Evaluator accountability perspective
Group
Accountability Strategic Financial officer could be considered by the
Developmental | Clinical data user Project manager
and Operational T
Knowledge Clinical data user | Medical informaticist | 2pPlication of those
and Operation and Lo )
Strategic indicators of interest to the

strategic group: evaluating costs and assessing efficiency. An accountability evaluation
would most likely be carried out on behalf of the financial officers of the institution.
When evaluating CDI from the developmental perspective, blending operational
indicators and clinical user indicators might be useful to help strengthen preexisting
systems after the decision to purchase and use the system has been made. Evaluation
from this perspective might be undertaken by a CDI project manager. In order to
examine CDI from Chelimsky’s knowledge perspective, a sampling of indicators from
each of the groups (clinical data user, strategic, and operational) is necessary. This is the

most appropriate perspective for the medical informatics researcher.
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This research resulted in some unanticipated findings. It was expected that the second
phase of the research project, the external interviews, would serve as a validation of the
quality indicators elicited during the internal interviews (Phase I). Interestingly, the
number and breadth of the suggested indicators was much greater among those without
experience with a CDI system. In almost every case, the external interview subjects
described quality indicators that related to the physical act of scanning, such as
readability or number of misfed documents. Meanwhile, the internal interview subjects
suggested indicators that were ambitious in scope, such as time-motion studies and user-

satisfaction measures for multiple stakeholder groups.

There are several possible explanations for the variation in focus of these two groups.
Perhaps the most obvious is the degree of variation in the stakeholders themselves. As
can be seen in Table 4, subjects from the internal interview group (Phase I) were
purposefully selected to represent the diverse groups of CDI stakeholders in the
institution, while those in the external interview group (Phase IT) were exclusively
medical records project managers or administrators. Another possible reason may be that
an institution’s willingness to measure diverse indicators varies inversely with experience
using the system. A system that is not generating a large degree of dissatisfaction among
strategic administrators, system operators, or clinical users may not warrant the resources
necessary to adequately complete a broad quality evaluation. At this point, the purpose
of evaluation changes from answering the question of whether to proceed with the system

to how to optimize its use.
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It was also expected that the number of indicators would be smaller and that many of the
indicators would be collapsible into higher-level indicators. Again, the results were
surprising. The breadth and diversity of the indicators prevented their easy consolidation.
One possible reason for the large number and variety of indicators is that a system as
integral to the organization as a clinical document imaging system touches many
stakeholders, and each of these stakeholders view the same system from a different
perspective. These varying facets of the same system may appear differently to the

evaluators, depending on their values.

There are several limitations to this work on clinical document imaging. First, the
methods used for subject recruitment in Phase I may have resulted in the exclusion of
some stakeholder groups. Only one person from each identified group was interviewed
and individual subjects were referred to the researcher by another subject who was
known to them. This may represent a form of selection bias where only certain social or
political circles within the organization were penetrated. Subject recruitment in Phase II

and 1II was quite narrow and does not represent all potential stakeholder groups.

Generalizability is another limitation in that some of the factors mentioned may not apply
to all settings where CDI is implemented. CDI systems may be installed and used
differently at different locations and thus the performance and quality indicators used to
cvaluate them may vary somewhat from location to location. The maj ority of the
indicators presented here were generated at one institution (Phase I) and then ranked by

those who had previously participated in the study (Phase I1I).
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While the generalizability of the rating of the performance measures carried out in Phase
[II 1s limited by the fact that the same subjects had also participated in Phase I and also
because Phase III subjects were entirely from the “operations” group, the ratings
themselves are nevertheless revealing. Nearly two-thirds (42) of the proposed indicators
were given the highest score for usefulness of evaluating the CDI project, and indicators
from all three perspectives (clinical, operational, and strategic) were represented in this
grouping. These findings suggest that there are many suitable methods for measuring the

quality and performance of a clinical document imaging project.

The limitations of this initial work regarding CDI present an opportunity for future study
in the area of clinical document imaging evaluation research. It would be helpful if these
measures were validated, perhaps through additional internal interviews at other
institutions. The indicators may also be refined and condensed through consideration by
an expert panel that could evaluate the indicators according to their potential usefulness
in measuring quality. Another validation technique would involve triangulating these
with similar quality indicators used to evaluate other clinical data delivery systems, such

as those developed specifically for electronic medical record systems.

Additionally, it is hoped that these indicators will be used in evaluative research projects

that determine the quality and performance of CDI implementations in the real world.
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Recommendations for CDI Evaluators

The 66 performance and quality indicators presented in this thesis represent one of the
first systematic approaches to the determination of quality measures for the evaluation of
clinical document imaging. They were developed to represent the breadth of potential

measures that could be used to perform an evaluation of a particular CDI project.

In order to be truly useful, these indicators must be validated through further research so
we can be certain they actually measure what they purport to measure: quality and
performance. This will require a paradigm shift among academic informaticians, because
it is unlikely that CDI will attract the consideration of skilled informatics evaluators until
clinical document is be viewed as a legitimate informatics intervention, not as a misstep

along the path toward a fully computerized patient record.

Although the indicators developed from this study require further validation, those
currently implementing clinical document imaging and wishing to perform a prospective
evaluation of these systems are left with a dilemma: proceed with an evaluative study
with unvalidated measures or abandon hopes of prospective evaluation and perform

retrospective studies when validated measures are available.

The recommended course of action, given these circumstances, is to proceed with

evaluative studies by utilizing the best indicators currently available. Starting with the

factors outlined in this report, and adding additional measures that may be important to
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the particular implementation being considered, the contemporary CDI evaluator should
consider each of the indicators and determine those that would be valuable and feasible to
measure. It may be helpful to again consider the work of Greer and Chelimsky and
specifically state the perspective from which the evaluation is performed and then choose
measures from the particular categories of interest: clinical user measures, operational

measures, or strategic measures.

Clinical document imaging systems are having a potentially large impact on healthcare
and deserve a greater amount research into their effectiveness. Proceeding forward with
our current understanding of CDI evaluation metrics will likely add more to our
knowledge of CDI than awaiting final recommendations on the best practices for clinical

document imaging evaluation.
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Summary and Conclusions

Although seldom studied by medical informatics professionals, CDI is being
implemented in many healthcare institutions and represents an opportunity for
researchers. Many of the evaluations of CDI performed by medical record departments
have focused on quality assurance in the document scanning process rather than on broad
indicators of quality. An evaluative process that balances measures from the perspectives
of those involved in operations, strategic planning, and clinical care may provide the
most descriptive assessment of a CDI system’s quality and performance. The quality and
performance indicators presented here could form the basis of a clinical document

imaging project.
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