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could then be redirected at those areas of t HIN it did not provide financial

savings, but were nevertheless critical to its overall success.

The BDBC presented government with an ight phase implementation plan for

the provincial HIN. The sequence of implementation was as follows:

1. Unique Pers: 1l Identifier/Client Registry

2. Personal Medication Dispensing History (i.e., Component of Pharmacy
Network)

3. Personal Diagnostic Service History (i.e. Diagnostic Imaging and Laboratory)

4. Diagnostic Service Requestor Decision Support

5. Personal Medication Regimen (i.e., Com| t« Pharmacy Network)

6. Personal Health Information Profile

7. Physician Practice Pattern Profiling

8. Clinician Decision Support Tools.

.1¢ BDBC recommended the implementat n of the first two phases of the HIN:
the Unique Personal Identifier/Client R istry and the Personal Medication
Dispensing History (i.e., Pharmacy Network), ven these two hases had the
greatest potential for providing government with financial savings within the

existing health system. Each of these initiati ; is described in more detail below.















regional PACS in the province, and in 2001, the CHIPP/Tele-i4 initiative added
PACS in four more regions: Avalon. Central W¢ , Peninsulas, and the Janeway
Hospital, which is located in the St. John’s Region. In 2002 the Grenfell Health
Region implemented PACS, and in early 2005 the Health Care Corporation of St.
John’s completed its PACS. Following e i nentation of PACS at the
Health Care Cc _ sration of St. John’s, apprc mately 70% of Newfoundland and
Labrador service delivery arc  had PACS capability, although these PACS were

not inter-connected and could not communi e beyond the local installation.
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S. To identify and describe the key facilitators and barriers to a successtul
implementation of PACS;

6. To document the lessons learned from implementing PACS;

7. To document the chal  jes in carryir  out a PACS benefit evaluation.

The research study is presented as follows. In Chapter 2, a  erature review sets the stage
by: (1) providing an overview of the various apprc hes ¢ ‘ently used in evaluating the
benefits of new technology; (2) summarizing previous PAC  benefit evaluations; and (3)
presenting a review of EHR benefit evaluation frameworks developed both at the national
and provincial levels. Chapter 3 provides details on t| ious methodologies selec  d to
maximize success in achieving the study objectives, wh : Chapter 4 presents a summary
of the study results. A discussion of the results with  the context of the study objectives
is provided in Chapter 5, followed by a summary of the research findings and concluding

remarks (Chapter 6).
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Information Systems (IS) Success Model

Perhaps the most widely known framev ¢ developed for guiding benefit
evaluations of information systems is the .z2lo and McLean Information
Systems (IS) Success Model (Delone and McL( 1 1992). The authors put
forward six (6) major dimensions of m surement: 1) system quality, 2)
information quality, 3) use, 4) user satisfaction, 5) individual impact, and 6)

organizational impact. Each is described briefly below.
Syste :asures: engineering-oriented characteristics of the
systems, such as response time, e : of 1 , system reliability, system

accessibility, system flexibility and system integration.

Information _quality m--~---: in 1des perceptions of information

accuracy, timeliness, completeness, reliability, conciseness, and relevance,

addressed mostly from the perspective of the user (subjective measures).

Measures of ir n use: includes u by whom, frequency of use

and exte of use; valid only if system use is not mandatory.

~

*M-a satisfaction: subjective measures, addressed mostly

from the perspective of the user.
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“information quality”, (2) substituting “inter on to use” for “‘use” as a meas :of
system usage, and (3) combining the “individual impact” and “system impact”

variables into a “‘net benefits” variable.

Social Interactionist Models

Bonnie Kaplan at the Center for Medical Inforn ics (Yale University School of
Medicine) puts forward the social interactionist model (Kaplan 1997, 1998). This
model is grounded on the interactions between individuals, systems and
organizational characteristics, and considers only the impact of the
information system on the organization, bui  so 2 impact of the organization on
the information system. Measures of benefits withi the interactionist framework
are categorized with the 4 C’s™: Communication (i.e.. what are the anticipated
long term impacts on the ways that departn 1ts linked by computers interact with
each other?), Care (i.e., what are the anticipated long term effects on the delivery
of medical care?), Control (i.e., will system impl ientation have an impact on
control in the o 1nization?), and Context (i.e., to what extent do medical
information systems have impacts that de nd on the practice setting in which
they are implemented?). Kaplan propose five methodological guidelines for
developing a comprehensive evaluation fr 1ework: (1) focus on a variety of

technical, economic and organizational cor i, (2) use multiple methods, (3) be
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evaluation is needed, (2) agree when to evaluate, (3) agree what to evaluate, (4)
agree how to evaluate, (5) analyze and report, and (6) assess recommendations

and decide on actions.

Total Quality Management (TQM)

Drazen and Little (1992) argue that new approaches are needed to evaluate health
information systems in order to measure benefits that are important to the
institutional sponsors. Enhancements to the traditional approach to evaluation
include: (1) measuring benefits beyond cost savings, (2) focusing on critical
issues and using standard tools to achieve efficiencies, (i.e. measure what is
important, not what is easy to measure), (3) maintaining independence, given the
involvement of the private sector in many of the evaluation initiatives, and (4)

fitting with the institutional philosophy.

Total Evaluation and Acceptance Methodology (TEAM)

The TEAM evaluation approach (Grant et al, 2002) for information systems is
based on a three dimensional framework: Role, Time and Structure. The role
dimension identifies four main categories: designers, specialist users, end users
and stakeholders. The fime dimension has four main phases throughout the

continuum of information system development: design, prototyping and testing;
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Objectivist versus Subjectivist

Friedman and Wyatt (1997) first put forward the bjectivist versus subjectivist
perspective. The objectivist researcher: (1) is in ¢ eement as to which
dimensions of a system are important to  :asure, (2) believes that a “gold
standard” exists that can be compared unst  standard measure, and (3)
believe that benefits of the system n ~ measured using quantitative
methods. The subjectivist researcher feels 1at: (1) there are differing views on
what is important to measure, (2) there is no “gold standard” for which to
compare to, and (3) qualitative methods are us  to understand the different

opinions and conclusions reached by different observers in the same setting.

Formative Versus Summative

Formative evaluation occurs while a s em is still under development and
findings can be used to modify tI  system prior to completing the
implementation. The role of the researcher is to provide results to thosc
involved in the evaluation in order to inform ongoing program planning.
development and refinement. Summative evaluations occur after a syster  has
been implemented and are used to determine 1at has been achieved as a
result of the | am (Ammenwerth et al, ~103). These results could include

outcomes and impacts, attainment of ticij consequences, and
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Accountability, Developmental and Kno  edge Perspectives

Heathfield and Pitty (1998) proposed three (3) separate categories of

perspectives with respect to evaluatior :countability, developmental, and
knowledge.
Accour erspective: to ar ver the question about whether a

particular intervention caused a p. cular outcome. Such an approach

usually involves the use of summati and q ntitative met ds.

Developmental perspective: to str hen institutions, improve agency

performance or help managers with their planning, evaluating and
reporting of tasks. Usually involves format : evaluation methods and is

often qualitative, but can be quantitative.

Knowledge perspective: to acquire a more profound understanding of

some specific field. Depending on the academic discipline of the
researcher involved, it can employ both qualitative ¢ | quantitative

methods.







Buchan, 1996). This has resulted in an interesting radox; governments require

evidence to support the investment of millions of dollars in EHRs, yet without
implementing the systems and evaluating i  benefits, researchers cannot deliver
on the evidence needed by governments to support funding for their
implementation (Healthfield 1999). A second possibility for the lack of evidence,
although difficult to substantiate, is that comprehensive EHR studies may have
been undertaken, but because they were not successful, they were not published

(Healthfield, Pitty and Hanka, 1998; Tiemey d McDonald, 1996).

Defining an EHR

Compounding the issue of having relatively few fully functional EHRs to
evaluate, is the diversity in definitions of an EHR (Ash and Bates. 2005;
Heathfield et al, 1999). To illustrate this dive ‘:nce in EHR definitic s, a
summary of four major national EHRs stra  iies (i.e., United Kingdom, Australia,
United States, and Canada) that have been, or currently are being, implemented is

provided:

United Kingdom

The National Health Service (NHS) Connecting for Health initiative is an

agency of tI 7 of Healthin 2Uni Ki lomandisre »>nsible
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Veterans Health Administration (United States)

The Veterans Health Administration (VHA) is the largest integrated health
system in the United States and provides medi ., prescription, surgical, and
rehabilitative care for US veterans. The VHA EHR initiative consists of a
computerized patient record system (CPRS) which is fully operational at all
medical centers and most other VA sites  care. The CPRS provides access to
online patient records that integrates medical ¢ rt information with various
medical images such as x-rays, scanned documents, and exam results (Prelin

et al, 2004).

Canada

In Canada, the national EHR initiative is the responsibility of Canada Health
Infoway (Infoway), which is funded by the federal government. In 2002,
Infoway desc ed the functio "'ty (or 1 ofan EHR to :lude a: (1)
unique provider/client r¢ tries, = pharmacy network, (3) laboratory
nctwork, and (4) diagnostic imaging. In 2003, two additional domains were
included: 5) telehealth and 6) public health surveillance. Given all 13
jurisdictions in Canac are at different levels of EHR implementation with
respect to these domains, Infoway is currer / focused on im] :mentat. 1 at

the jurisdictional lev . As jurisdictions continue to make advances with
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Reiner et al (2001) used a time and motion study to compare radiologist
productivity in a radiology department in a film environment versus PACS. Four
radiologists interpreted 100 randomly selected CT scans using both hard copy
film and digital images produced by P: 'S. A 16.2% reduction in time to

interpret the CT exam was found with PAC incon arison to film.

A study by Brya et al (1998) used direct observation to determine the total time
required for radiologists to complete a rep  in radiology de; tment. Data
were collected over four time periods: two using conventional film, one using
hard copy computed radiography and ¢ : usin digital images. The study
concluded there was no significant difference in :porting times between the fc

data collection periods, although more historical i1 ges were accessed in PACS

than in the film environment.

Using a unique . proach, Siegel et al (2000) surveyed radiologists in seven sites
around the world to determine their satisfaction with their curre.  :ading room
environments. The attributes considered © mc important in improving a
radiologist’s productivity were lightir ~ number of monitors and monitor
brightness. Recommended improvements incl 2d reading room layout,

temperature controls and noise.
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Rumreich and J¢  1son (2003) carried outa rvey « radiologists to detcrmine the
satisfaction with their current PACS image ‘:ading vironment. The survey was
sent electronically to 90 potential responder , with 55 responding (61%). Using a
five-point likert scale (1 = very dissatisfied and 5 = very satisfied), the study
found that the most important attributes that existed in their reading )¢

“

environment were “reading room close to rest room (3.47)", “reading room close
to entrance/exit (3.36)”, “having access to dictation (3.06)" and “appropriate
lighting (2.86)”. Those areas found to be lacking were “workspace ergonomics

(2.23)”, “room  rout (2.35)”, “amount of workspace (2.48)” and “noise level

(2.5)”.

Horii et al (1994) used data collected directly from the PACS to study the
utilization distril tion of various functions. Functions most frequently used were
brightness and contrast. Of interest, junior physici s (i.e., residents and interns)
were more likely to ¢ on to the PACS workstation (67%) than attending

physicians and f ows (8.9%).

An early study of a neuroradiology PACS installed 1 a radiology department was
carried out by Lou and Huang (1992). This study used adminis itive data and
surveys and found that PACS saved radiol.  ts’ time and allowe more efficient

retrieval of archived exams.
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administration, health records, radic , IT, and emerg cy services.
The purpose of conducting the interviews was to document feedback 1at
would ultimately support the devi pment of a national benefits
framework for PACS projects. The key informants were asked
specifically about their roles in the PACS implementation, the various
technical and administrative activities necessary for implementation, and

what they felt are the benefits of PACS.

As a resu of this process, a list ¢ poten 1l indicator measures were
identified and prioritized in terms of r :vance, feasibility and importance.
Infoway indicated to the researcher th: this initial list of indicators
numbered approximately 200. These ~ )0 indicators were then presented to
the Diagnostic Imaging Expert Panc  rought together by Canada Health
Infoway for the pu _ »se of developit a national approach to measuring
the benefits of PACS. The Panel, which consisted of one academic
researcher with expertise in evaluation, three radiologists and four senior
staff of Canada Health Infoway, rec wed { : list of proposed indicators
for the purpose of validation and relevancy. The outcome of this exercise
produced 2 core indicator measures, catege zed under six benefit areas:
1) increased user adoption, 2) decreased utilization (i.c., redundant tests

increase  costs and radiation exposure to patient), 3) improved
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productivity, 4) improved turn-arour times, 5) reduced patient transfers,

and 6) cost per exam in film versus P CS.

1. Increas  User Adoption

Degree of Filmlessness

% D’ ‘'tally Stored Exams

Number of Unique Clinician User Accounts
Number of Active Users

Number of Remote Users

YV Y YY

2. Decreased Utilization (duplicate tests)

» Unnecessary Duplicate E: s

3. Improved Productivity (radiologist 'd tec nologists)

» Exams Dictated Per Radiologist Scheduled Hours
» Worked Productivity %

4. Improved Turn-Around-Time (TAT)

> Exam End to Dictation End TAT
» Total Turnaround Time

5. Reduced Patient Transfers

» Number of Patient Transfers

6. Financial

> CostPerCaseinFilmve 1sinP CS
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The evali  ion framework developed by Neville et al was i1t »rmed by the

previous work of Heather Heathfield | the PROBE Project the United
Kingdom. The framework is presentc below as a series of 7 steps, and
can be us to evaluate a compreher ve EHR, or one or more specific

domains of the EHR (e.g., PACS).

Step 1: Identification of Key Stakehol: rs in Each Jurisdiction

It is important that a wide range of stak olders be involved in ar

appraised of the evaluation efforts ithin =cir own jurisdictions. At a
national level, it is also important th  key stakeholders are made aware «

the evaluation, given it will facilitate: (1) ev 1ations becoming a strategic
initiative requiring dedicated resources, (2) greater alignment of goals
between the broader health system 1d those of EHR itiatives, (3)
information exchange, (4) consensus on comparal : evaluation
approaches, and (5) the identification of ¢’ npions at both the national

and local levels.
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accountability-oriented studies can anticipate considerably more
deliberatic ~ There is no guarantee 1 t by involving all key stakeholders
early in the process there will be a smooth transition to recommendations
at the end of the process. However, in using this approach, consensus on at
least some of the key issues will be ar -ed at, especially if those involved
are: (a) familiar with the main isst . from the start, (b) aware of the
different perspectives each team mer  r bri s to the disc sion, and (c)
comfortable that the variety of methods used in the evaluation produced

the most unbiased results possible.

Many of the studies reviewed in Chapter 2 provided initial guidance into the
development of the approach used to addre the ol ctives of this current study.
It was determined that to maximize the pre  ability of successfully completing a
comprehensive evaluation of PACS in Nev dland, a compara ‘e approach
using triangulation of data and extensive stakeholder engagement would be
required. These previous studies also informed the researcher of several
challenges faced in carrying out a PACS eva tion, and a »wed for the
incorporation of these lessons learned into the current study. Prior knowledge that
objective benefit indicators of PACS are not easily measured, and that the
diversity of PACS environments will im :t on the results of the evaluation,

proved beneficial in des” 11 this current study.
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pragmatic perspective Canada Health Infow 7’s Electronic Diagnostic Imaging
Indicators Reference Document (August 22, 2005) provided the set  twelve (12)
quantitative indicators (see Section 2.5.1) ¢ isidered important by Infoway for
measuring the benefits of PACS. As such, these 12 indicators were incorporated

into the study design.

For the majority of the 12 Infoway indicators, data would be collected from
administrative databases each month for 3 mo hs pre PACS implementation, and
each month for 9 months post implementation, for a total of 12 data points.
Questionnaires were administered pre and post PACS imple ntation to
radiologists, radiology technol¢ ‘sts and referring physicians to measure
perceived benefits and challenges with PACS. Financial documents and
spreadsheets wi : reviewed to estimate the total cost of PACS ownership and the
cost per exam in Im versus PACS. Key informant interviews were carried out

post PACS implementation.

Study Setting

The setting for the study was the island por mnof 1  province of Newfoundland
and Labrador; the Labrador-Grenfell Health Authority was exclu d froi the
study des” 1 given delays in implementing PACS in that region. The timeline

built it the study proposal was 33 mon and was to run from June 2005 —



March 2008. T 33 month window included a 9 month post PACS data

collectic  period. As of January 2008, all sites in Labrador-Grenfell Health

Authority had still not “gone live” with PACS.

In April, 2004 a restructuring of the health system in Newfoundland and Labrador
resulted in eight health boards (See Figu 1, p. 15) being reduced to four
integrated health authorities (See Figure 2, p. 72): Eastern Health Authority,
Central Health Authority, Western Health  thority and the Labrador/Grenfell
Health Authority. The majority of the province’s population resides in the Eastern

Health Authority (Table 3-1).

Table 3-1
Population (2006) by | alth Authority
Newfoundland and Labrador

},ﬂ“""" n ntharjty Population

Foncrorm 793,682 (58.1%).

Spp— 93,607 (18.9%)

I Wectarn [ 70 034 (15 6%)
7.3%)
@ y

Statistics Canada
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In 2006/07, there were 31 sites in the prov e of Newfoundland and Labi lor
classified as acute care, with the number of beds per site ranging from 1 to 332
(Appendix “A”). There are several aller health centres in the province,
however they ha no acute care beds and their administrative reporting falls

under larger sites within their respective health authorities.

Only sites in the Terrier and Mastiff Health Authorities (Note: Pseudo names used
for authorities and sites; see Ethics p. 87) were able to provide administrative data
for some of the twelve (12) indicators propc d by | oway. In the Terrier Health
Authority, the implementation of PACS w  carri  out during calendar years
2005 and 2006; such timelines permitted a pre/post evaluation approach. In the
Mastiff Health Authority, PACS was implemented in most sites by 2004, while in
the Spaniel Heal! Authority most sites had impler 1ted PACS by 2001. Given
the number of years that had past since PACS was implemented, hospit

administration informed the researcher that there would be limited pre PACS
admini ative data available in the Mastiff Authority, and none in the Spaniel

Authority.

Radiologists, physicians and technologists w¢  administered a pre PACS survey
in the Terrier Health Authority. The post PACS survey was administered to
physicians and radiologists in the Mastiff, Spaniel and Terrier Health Authorities,

and to technologists in the Terrier Health Authority. While Infoway made the
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decision to exclude technologists from their ev 1ation framework, for the
Newfoundland and Labrador study, techno gists were included  the pre and
post PACS survey of the ”  rier Health Aut  ty. This study presented aw |ue
opportunity to survey this professional cohort in an area that nev. had PACS

prior to the 2005 implementation.

A summary of PACS sites included in the evaluation in the three health

authorities on the island portion of the p vince, their )-live dates, and the

evaluation tools employed is summarized in~ »>le 3-2.
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3.4.2

objectives of the study. Following this review, minor revisions were 1 1de

to the questionnaires.

Questionnaires for both the radiolc ‘sts/technologists and the referring
physicians were separated into four sectior  The first section captured
information on the respondents’ PAC _ env >nment, the second section
looked at perceived benefits of PACS, the third section dealt wil

perceived challenges, while the fourth sectic  was specific to respondei

demographics. A four-point Likert scale and a categorical approach were
used to solicit responses for the maj 'y ol uestions. An opportunity to
include general comments was provided by an open-ended question at the

end of the questionnaire.

Key Infor ant Interview Script

Draft key informant interview s pts i PACS end users and
managen it personnel were developed based on feedback from the pre-
evaluation workshop, advice from the researcher’s supervisory committee,
and a preliminary analysis of the survey. The purpose of the key informant
interviews was to gather in-depth feedback on lessons learned and

facilitators of, and barriers to, the iccessful implementation of PACS.
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The final scripts (Appendix “E”) were submitted to, and approved by, the

researcher’s supervisory committee.

Administrative Data

3.4.3.1 Be fit Measures: Canada H th Infoway

As noted previously, Canada Hea  Infoway developc twelve (1

benefit indicators, data for which would  collected from administrative
databases pre and post PACS im] :mentation. The definitions of the
indicators alor  with a summary of the data collection 1ethods are
provided der six (6) main benefit . :as: 1) increased user adoption, 2)
decreased utilization, 3) improved produ vity, 4) improv  turn-around-
times, 5) reduced patient transfers, and 6) cost per exam : film versus

PACS

1) Increased User Adoption

> Degree of Filmlessness
Definition: Archiving in digital form on PACS for all diagnostic

images within scope. This is a binary variable.
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Method: Completed 30 cor :cutive (calendar) days of 95%
filmless operation. To be collected from the Radiology

Information System.

» % Digitally Stored Exams

Definition: The proportion of d t y stored exams versus hard

copy film.

Method: Total number of exams stored digitally divided by

the total number of exams (digital and film). To 2z collected
m the Radiology Information ystem each month for 3

months t  PACS and fro1 the R iolc  Information System

and PACS each month for 9 months ost PACS implementation.

> Prc ortion of Unique Clinician User Accounts

Definition: Number of uniq  clinicians who have een provided
access to PACS system.
** ' {: Total number of unique clinician users accounts divided

by the total number of clinic mns ¢ staff. To be collected from

PACS each month for 9 mc hs post PACS.
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System, Modality Logs and PACS r each month for 9 months

t PACS.

» Total TAT

[ fnition: A measure of the impact on the process time from
r ient check-in in Diagnostic Imaging to when ve  d report is
available to referring physician.

ithod: Sum of (time veri :d report available— time of check-
in) divided by total exams. To be collected from 1e Radiology
Information System for each month 3 months pre PACS and for

each month 9 months post PACS.

5) Reduced Patient Transfers

» Patient Transfers

™ © " A measure of the impact of PACS ont ' number of
patient transfers between facilities due to the ability to share
images and consult remote

Method:

Option A:

Counts of reason for transfer divided by counts ol ansfers to

other sites.
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where they were given: 1) an orientat 1 to the evaluation framework, 2) a
presentation on PACS evaluations previously completed in British
Columbia and Ontario, and 3) an ov. /iew of the benefit areas already
identified by Canada Health Infoway s core to the PACS evaluation (i.e.,
the 12 benefit indicators). Workshop | ticipants included representa ’es
from GE Healthcare (i.e., PACS Vendor), Canada Hea 1 Infoway,
representa res from each of the three heath authorities in which PACS
would be evaluated, including IT Di :tors, PACS Administrators,
Directors and Managers of Radiolt /, the provincial PACS Project
Manager, representatives from the F  Project Team of NLCHI, and Dr.

Doreen Neville, PhD supervisor to the researcher.

Following the orientation and preser ions, attendees were divided into
three groups with instructions to: 1) validate the twelve PACS benefit
indicators put forward by Canada Health Infoway, =" va late the draft
objectives and proposed resea ' «¢ ions identified by the researcher,
and 3) provide feedback on the di t questionnaires. In reviewing tl

proposed research questions, participants were asked to reflect on their
current work environment, and to p  ose any additional questions which

they feel would be important in measuring the benefits of PACS.
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(NLMA) provided the researcher wit e updated business addresses for
all radiolog ts and referring physicic . The Director of Radiology in the
Terrier Health Authority again distributed t  surveys for the radiology

technologists to the appropriate sites within tt  Authority.

Recipients of the post PACS survey were all radiologists (n=6), radiology
technologi : (n=45) and  ‘erring  ysicians (n=125) in the Terrier
Health Authority, all radiologists (n=37) and referring physicians (n=659)
in the Mastiff Health Authority, and all radiologists (n=7) and referring
| ysicians 1=148) in the Spaniel Health Au ority. The total post PACS
questionnaires administered in the three ¢ h authorities included 932
referring physicians, 50 radiologists : | 45 radiology technologists. The
first survey was administered on January 17™, 2007 with a second survey

was administered on February 7. ~07.
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pre-implementation and for up to n« hs post-implementation. The
mean TAT was derived for each pre/post period, excluding 2 month that

PACS was implemented.

A one-way analysis of variance (ANOVA) was used to det mine if there
was a statistically significant difference between the pre and post PACS
periods on the mean report TAT. ~ : repc TAT was considered the
dependent variable and pre-post PACS ti e period the independent
variable. A p-value of <0.05 would s ify a significant difference in TAT

between pre and post PACS.

To show the slope of data points a regression line was superimposed over
the bar graphs using Microsoft Excel « 797). This line is included only to
represent a visual trend over time of TAT's pre and post PACS. For
regression, the data set was represented as (x;, yi), where y; represented the
mean TAT in hours and x; represented the month the exam was performed.
To show if there is any relationship between the variables x and y, the
regression ne was generated from - : basic regression equation y = a +

bx, where “a” represents the y-intercept and “b” represents the slope.
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the sub-categories becoming so mi > that the analysis would lose its

value (i.e., saturation). An example ¢ a completed content analysis would
have a major theme identified, such as *‘Benefits of PACS”, with a
category u ler “Benefits of PACS” 1 ng “Accessibility to Exams”, and a
sub-category under “Accessibility to Exams” being “Access to Historical

Exams’.
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Chapter 4
Results

The study employed four (4) primary methods of data collection: survey questionnaires,

hospital administrative data, project management document: :.g., financial and project

scopes), and key informant interviews. Following a summary of the key informant

workshop (as feedback coming out of the workshop influenced the design of the st ly)

results for each of the data collection methods are presented.

4.1 Key Informant Workshop

Based on feedback from key informants attending the workshop, a total of nine

(9) research questions were identified as priorities for evaluating the benefits of

PACS in Newfoundland and Labrador:

)
2)
3)
4)
5)

6)

7)

Was the iticipated utilization/adopti 1 of P+ 'S achieved?

Was there a reduction in unnecessary duplicate exar !

Did produ vity improve for both radiologists and technolo; 7

Did turn-around-time for reports improve?

What was the impact on patient transfers between sites (i.e.,  a result of

the ability to share images electronically and  nsult remotely)?

What was the cost per exam in a film-based environment compared to the
cost perex ninaPACS environment?

What were the total costs of implem 1 the PACS sys n and how do
they compare to estir .costs pre-i ) nentatic !






4.2

4.2.1

Surveys

Administration of Questionnaires

Questionnaires were administered to phy cians, radiologists and radiology
technologists to solicit feedback on both 1  benefits and the challenges with
PACS. The apprc h used in administrating = survey diffe | within the three
health authorities depending on when PACS was implemer :d, and the

professional group being surveyed.

Masti™ ™ = PA™" "w -~ ™ sician ~ 1 olo
Administration of the post PA™73 surve: w : directed at physicians and
radiologists working within the Mastiff « th Authority. Surveys were
administered in January, 2007. Depending on the site, the time from when PACS
was implemented to when the survey was n  :d out, ranged from 3-5 years. The
implementation of PACS occurred in the n jority of sites within the Mastiff

Health Authority over the period 2002-2004.
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Moderately / ee, and 4) Strongly Agree. Gi 1 the small sample sizes for some
response groups, id for the purpose of using 2x2 chi-square tests, these four
categories were collapsed such that “Disagr ° ‘luded “Strongly Disagree” and
“Moderately Disi ee”, and “Agree” includ “Moderately Agree” nd “Strongly

Agree”.

4.2.3 Classification of Percent Agrecment

For the purpose f reporting levels of a :ement specific to those questions
measuring the | rceived benefits and challenges of PACS, the following

categories were used:

Strong Agreement  80% - 100%
Moderate Agreement . J% - 79%
Modest 2 eement  50% - 69%
Minimal 3reement 20% - 49%

Little Agreement 0% - 19%

4.2.4 Comparative Analysis

The comparison in levels of : ‘:ement :tv n physicians, radiologists and

radiology technolt ‘sts across the three I  th authorities was limited to those
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Radiology technologists in the Terrier He: h Authority 3 months pre
PACS implementation (n=18),com] ‘edto liology technologists in
the Terrier Health Authority 12 months post PACS implem: tation

(n=28).

Physicians in the Terrier, Mastiff and Spaniel Health Authority’s post
PACS implementation (n=335), compared tc diologists in the Terrier,
Mastiff and Spaniel Health Authority’s st PACS ir lementation

(n=27).

In comparing levels of ¢ _ :ement by previous experience with PACS it
would not be appropriate to simply mpare across health authorities, as
there is considerable migration of physiciar and radiologists in, out and
between the authorities. The “experic e” measure used for the study was
based on the question in the post P/ 'S sur 7 “Have you had experience
with PACS prior to this implementation project?” If the response was
“Yes” to this question, a second question asked “How many years of
PACS experience have you had?’ Based on the responses to these two
questions the categories of previous ACS experience used in the analysis
were derived as follows: 1) no previous P _S experience, 2) >0 but «2
years previous PACS experience, and 3) > 2 years previous PACS

experience
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Pre and P~ P* S -—rey: Radiology Tecl logists - Terrier Av**rity

Distributions by gender and years p ticing for respondii  radiology
technologists for the pre and post PACS si  eys in the Terrier Health Authority
are presented in Table 4-7. For both the pre 1d pc PACS survey, the majority
of responding radiology technologists female (72.2% and 75.0%,
respectively). There was no significant dif -ence in the gender stribution for
technologists in the Terrier Health Authority, and those responding to the pre and
post PACS survey. A h er percentage of :chnc igists respon ng to the pre
PACS survey had more than 10 years experience compared to those responding to
the post PACS survey (52.9% versus 39.3%, respectively), although this

difference was not statistically significant (p=0.389).
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Table 4-8(B) presents additional indicator measures related to the physician’s film
environment prior to the implementation of S in the Terrier Hea . Authority.
Physic s spent aver :of 16.2 minutes day looking for film. 24.2 minutes
looking for repc : and 26.6 minutes per ¢« / ma ging and handling film. A
further 45 minutes per week was spent traveling between sites. Historical film
was felt to be needed for the patient care process 12 months or longer by 66.7% of
physicians. Access to film and reports t¢ : place primarily in the Radiology
Department (86.8% and 57.9%, respective  and ¢ physician’s office (15.8%
and 65.8%., respectively). There was limited access to film and reports from the
physician’s home office (2.6% and 7.9¢ respectively). Phys ians reported
accessing reports (61.1%) more often than f1. 3%), while 30.6% reported they

accessed film as  uch as they did reports.
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(90.5%). Minimal agreement was found wh  physicians were asked if PACS had

reduced length of patient stay in hospital (40.5%)

Perceived Benefits: Physi~*~~- - Pr~ “2rsus Post P/ ~S Implementation: Terrier

As shown in Table 4-9, of the eleven indici rs measuring perceived benefits pre
and post PACS implementation in Terrier, the level of physician agreement
decreased by an average of 10.0% post PACS for ten indicators. Of these
indicators, the only statistically s hificant decre e was for the opinions of
physicians if asked if PACS would reduce patient length of hospital stay (65.5%
versus 40.5%: p = 0.044). There was no s istical significant difference found
for the indicator which experienced an increase in percent of agreement from pre
to post PACS (i.e., PACS tools and functionality has improved 1ality of the

report (81.3% versus 90.5%: p = 0.250)).
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Pre PACS Implemer er

Three months prior to PACS being implem¢ ed in the Terrier Health Authority
physicians moderately agreed (70.6%) that \CS would not allow for viewing of
images at the patient’s bedside. There was modest agreement that there would be
a lack of system support (54.3%) and that P °S wc d produce inadequate image
quality on the Web (51.5%). There was lit :: -eement that PACS would result

in difficulty in finding images (19.4%) or lc  ng o1 ) the system (19.4%).

Post PACS Implementation: Terrier

Twelve months followir the implementation of ACS in the Terrier Health
Authority physicians moderately agreed that PACS has not allow¢ for viewing
of images at the patient’s bedside (75.0%). There was little agreement that there is

inadequate image quality on workstations (*~ 2%).

Perceived Challe :es: Physicians P Vers t PACS Implementation: T'  ier

As shown in Table 4-10, of the eleven indicators measuring perceived challenges
of PACS in ™ rier, *  level of physician agreement for seven indicators

decreased an average of 14.7% from the pre to the post PACS survey. Of these
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Dact PACS Implemer*~*~~ "hysicians ve ogists: All Av orities

As shown in Table 4-11, of the five benefit  asures that were presented to both
physicians and radiologists, no significant  ference was found in the percent
agreement with respect to: PACS has reduced the ti 2 to review an exam (92.9%
versus 96.3%: p = 0.504), exams are acce: d more frequently with PACS than
with film (86.3% versus 77.8%: p = 0.229), PACS improved the quality of report
(81.6% versus 88.5%: p = 0.383), and that PACS has en  :ed patient ¢ - in
rural Newfoundland and Labrador (92.2% v sus 100.0%: p = 0.140). There was a
significant diffe «ce found between physicians and radiologists in the percent
agreement that r  ort turn-around-times has impro' 1 with PACS (71.1% versus

88.9%), respectively: p = 0.047).
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Post PACS Implement~*nn Phenininmn vnmmen Dadiglogi Jrities

As shown in Tak  4-"" of the eleven indicators m suring perceived challenges
of PACS across all three Authorities, the level of . -eement for eight indicators
was higher for physicians than radiologists  an average of 9.5%. For the three
indicators where radiologists’ agreement w  high:  the average difference was
8.9%. Only one indicator was found to be significantly different between the two

oups; 54.5% of radiologists agreed that t v have experienced i dequate Web
performance (speed), while only 31.2% of physicians felt this was the case

(p=0.025).
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There was minimal agrececment that PACS hac  :duced the length of patient s /in

hospital (43.5%).

LW WalaR

Perceived Benefits Pos* y: Physicians - No Pre'  us Experience versus <2

Years versus > 2 Years

Of the eleven indictors measuring the perceived benefits of PACS, two were
found to have a significant difference in levels agreement ac )ss the three
categories of previous PACS experience. When ked if their efficiency has
improved with PACS, 73.1% of physicians with no previous experience agreed,
while 87.8% with <2 years experience, and 88.5% with > 2 years experience felt
this was the case (p = 0.022). When asked if PACS has improved their ability to
make decisions regarding patient care, 68.8% of physicians with no previous
experi¢ e with PACS agreed, while 85.9% with <2 years experience, and § 5 %

with > 2 years experience, t this was the ' (p=0.026).
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Table 4-14 presents the percent agreement of perceived challenges of PACS post
implementation by previous experience with PACS for physicians in the Terrier,

Mastift, and Spaniel Health Authorities combined.

Perceived Challenges Post PACS: Physicians - No Previous PACS Experience

There was strong agreement by physicians with no previous experience with
PACS that the implementation of PACS was well managed (83.7%), and
moderate agreement that PACS has not allowed for viewing of images at the
patient’s bedside (71.1%). There was little agreement that PACS resulted in

challenges in logging onto the system (18.8%).

Perceived Challenges Post PACS: Physicians - <2 Years Previous Experience

There was strong agreement by physicians with < 2 years previous experience
with PACS that the implementation of PACS was well managed (81.9%), and
modest agreement that PACS has not allowed for viewing of images at the
patient’s bedside (58.0%). There was little agreement that PACS had

unacceptable downtime (19.5%).
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Perceived Challenges Post PACS: Physicians > 2 Years Previous Experience

There was moderate agreement by physicians with > 2 years previous experience
with PACS that the implementation of PACS was well managed (71.9%), and
modest agreement that PACS has not allowed for viewing of images at the
patient’s bedside (58.0%). There was little agreement that PACS had

unacceptable downtime (19.5%).

Perceived Challenges: Physicians - No Previous Experience versus <2 vears

versus > 2 Years

As shown in Table 4-14, of the eleven indicators measuring the perceived
challenges of PACS post implementation, only one was found to have
significantly different levels of agreement across the three categories of PACS
experience. When asked if they had experienced inadequate Web performance
(speed), 40.5% of physicians with no previous experience agreed, while 15.9%
with <2 years experience, and 36.1% with > 2 years experience felt this was the

case (p = 0.002).
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Perceived Benefits and Challenges of PACS by Previous Experience with PACS:

Radiology Technologists — Terrier Health Authority

Perceived Benefits: Radiology Technologists - Pre PACS Implementation

Only 2 of the 11 questions in the questionnaire specific to the benefits of PACS
were relevant to radiology technologists. All radiology technologists responding
(100.0%) in the Terrier Health Authority to the pre PACS implementation survey
agreed that report turn-around-times will improve with PACS and that PACS will

enhance patient care in rural Newfoundland and Labrador.

Perceived Benefits: Radiology Technologists - Post PACS Implementation

All radiology technologists responding (100.0%) 12 months following the
implementation of PACS agreed that PACS enhances patient care in rural
Newfoundland and Labrador. A majority agreed turn-around-times improved with
PACS (92.6%). There was no significant difference in the level of agreement pre

and post PACS for these two measures.
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Table 4-15 presents the percent agreement of perceived benefits pre and post

implementation PACS for radiology technologists in the Terrier Health Authority.

Terrier Health Authority

Table 4-15
Radiology Technologists Perceived Benefits of PACS: Pre and Post PACS

Perceived Benefits of PACS
Radiology Technologists
Survey Question Pre PACS (n=18) Post PACS (n = 28) p-value'
n/% % /% n/%
Respond Agree Respond Agree
Report turn-around-time will/has 16 16 27 25 0265
improve(d) with PACS (88.9%) (100.0%) (96.4%) (92.6%) '
PACS will/has enhance(d) patient care in 17 17 25 25 1,000
rural Newfoundland and Labrador (94.4%) (100.0%) (89.3%) (100%) )

1 Chi-Square Test

Perceived Challenges: Radiology Technologists - Pre PACS Implementation

Only 8 of the 11 questions in the questionnaire specific to the challenges of PACS

were relevant to radiology technologists. Three months prior to PACS being

implemented in the Terrier Health Authority a modest majority (56.3%) of

radiology technologists agreed that they will have inadequate access to PACS

viewing stations. There was little agreement that they will experience difficulty in

finding images in PACS when needed (6.7%), or have difficulty in logging onto

the PACS (0.0%).
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Perceived Challenges: Radiology Technologists - Post PACS Implementation

Twelve months following the implementation of PACS in the Terrier Health
Authority the majority of radiology technologists agreed that the implementation
of PACS was well managed (85.7%). A moderate majority of radiology
technologists agreed that PACS has resulted in inadequate workstation
performance (speed) (59.3%). There was little agreement that they had difficulty
in logging onto the PACS (7.1%), received inadequate training (7.1%), or that

PACS provided inadequate image quality on workstations (0.0%).

Challenges of PACS: Pre and Post PACS Implementation

As shown in Table 4-16, of the 8 indicators which measured the perceived
challenges of PACS to radiology technologists, 5 had a higher percentage pre
PACS, whereas 3 had a higher percentage post PACS. The average difference for
the 3 indicator measures which had a higher percentage post PACS was 15.7%,
whereas the average difference for the 5 indicator measures which had a higher
percentage pre PACS was 20.6%. Three of these indicators were found to be
statistically significant difference between the pre and post PACS surveys: PACS
produced inadequate image quality on workstations (21.4% versus 0.0%: p =

0.032), inadequate workstation performance (speed) (20.0% versus 59.3%: p =
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Nine physicians provided comments (total v ws = 9) for the pre PACS survey; 4

of the 9 views (44.4%) expressed in the ¢ 1ments identified access to PACS,
whether at the inpatient or clinic environn 1it, was expected to be a challenge.
One-hundred and twenty-nine physicians pro* led 1 5 separate views for the post
PACS survey. The issue of access was also found in the post PACS physician
survey, with the1 jority of views (n=42) ide ified as challenges being related to
access (29.0%). This was followed by lack « g ity PACS monitors (13.1%) and
inadequate training (6.9%). Of the total vie ; expressed, 30.3% were specific to

benefits, whereas 69.7% were related to cha nges.
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previous exam orders. Administrative data for this n 1sure would also be limited

in that the reason for the test order is not captured at point of order, and therefore

would not indicate that the order was a duplicate.

3. Improved Pro ictivity

Exams Dictated Per Radiolc

The purpose of this indicator is to measure the impact of PACS on the
productivity of radiolc “sts by calculatil ~nu er of exams read per FTE
radiologist per hi rs worked in the film and PACS environments for each month
3 months pre PACS and for 9 months post PACS. Data for this ir cator was not
available. In Newfoundland and Labrador all radiologists are they paid on a fee
for service basis; no data is systematically collected that identifies the total

number of exams read or the hours scheduled or wo =d.

Worked Productivi’

This indicator is a measure of productivity for unit-producing personnel (UPP)
within the radiology department. and was to be collected from the Radiology
Information System (RIS) and the Manage ent It »rmation System (MIS) for
each month 3 months pre PACS and for 9 mon s post PACS. Data for this
indicator was not used "ven the poor quali of workload measurement data for

radiology submitte * to 77l from hospitals in M vfound d and Labrador. The
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a timely manner, 2) some radiologists were ~ »wn to verify all reports generated
over an extended riod of time on a set day :.g., every Friday aft 1oon), and 3)
check-in time was captured differently for inf ients and outpatients. All inpatient
“registrations” were recorded at 8:00 a.m. the morning after the physician had
requested the exam. Conversely, outpatient ' :gistrations”™ were recorded as the

actual time the person registered in the hospital’s radiology d'  irtment.

Given the problems associated with both turn-around-time (TAT) measures
proposed by Canada Health Infoway, a modified TAT measure was developed by
the researcher th could be supported by : inistrative data in both the Mastift
and Terrier Health Authorities. This measure excluded inpatient exams, and used
the average monthly TAT for exams origir ing : outpatient registration (1.e.,
from when the patient regist to when t| werified report was posted on the
HIS). Data for this measure was collected for all iodalities in scope (i.e., CT
Scan, echocardic aphy, magnetic resonar - imaging (MRI), nuclear medicine,

neral radiograph and ultrasound) from PACS ospitals in the Terrier and
Mastiff Health Authorities. In most casest  collection period encompassed three
(3) months pre PACS impk ‘:ntation and nine (9) months post PACS

implementation.
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TAT: Terrier H~~"* *-*hority

Administrative data for all unverified | ort turn-around-times (TAT) for
outpatients was collected from the Radiology Information System (RIS) and the
Hospital Information System (HIS) for each moc ity within scope  the Terrier
Health Authority from September 2005 to Dece ber 2006 (N = 112,667). As a
result of staggered implementation dates fi PACS at the 7 sites in the Terrier
Health Authority, not all sites had complete ta for 3 months pre and 9 months
post PACS implementation. A summary of total exams and ita collection
periods by modality and site for the Terrier Health Authority is presented in Table

4-23.
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be the responsibi y of the Ministry of Heal , not the regional authorities. It is
recognized that costs for EHR network inf tructure across jurisi :tions will be
highly variable 2 | will depend on many factors, including the 1 mber of sites
involved, the amount of traffic on the ne ork and the desired speed of data
transfer (i.c., bandwidth). Although not included in the analysis, 1 - Centre for
Health Information estimated total netwo .ng cc s for all EHR information
systems for the province at $24,000 per month, or $288,000 annually, with PACS
expected to require 50-75% of the total ba width. The annual n ~orking costs
for PACS in the Terrier Authority were estimated at $43.200. It is important to
understand that these are high level estimates, as the HIN network has not yet
been fully imple ented in the province, and final costs may differ significantly
from the estimates provided. Within this context, ardware costs in the Terrier
Authority amounted to $2,398,790, softv ¢ costs $932,270, human resources
$400,900, and data storage $200,000. Total implementati costs  were

$3,931,960, with ongoing maintenance costs of $22  J00.
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Costs in Film T=rrimrmee- nt

Operational costs in the film environment and the number of ex s filmed for
years 2003/04-2006/07 is presented in Table 4-30. Given changes in MIS
reporting of radiology exams following 2003/04, the 2004/05 fiscal year was
chosen as the base year for reporting the ¢« per exam in the film environment.
Note that capital sts in the film environment are not factored in when estimating
cost per exam. This is because the equipn 1t (e.g., Computed Radiography)
needed to produce the exam in film is basically the same equipment needed to
produce the exam in PACS. This type of equipment was also excluded when
estimating costs per exam in the PACS envirom nt. Some capital costs are
included in the PACS environment, ven these costs are related to

communications and storage, not exam neration (see Tables 3-30 and 3-31).
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The operational cost (non-adjusted) per exam in the film environment was
estimated at $7.4 (2004/05) compared to $7.2 in the PACS environment
(2007/08). When the implementation costs for PACS were included, the cost per
exam in the PACS environment in 2007/08 creased to $13.2. Adjusting costs
per exams based on a 4% annual inflation ra resu : in the cost per exam in the
film environment beii estimated at $9.5 0( ( ) compared to $11.8 in the
PACS environment (2007/08). With resper to choosing a 4% inflation rate,
several factors were considered. Generally, we « 1 e :ct wage inflation to
approximate 3 t0 3.5% =, whereas ¢ and medical/surgical supplies can
experience inflation around 10% per year, and :neral inflation is about 2.0% per
year. While it can be expected that most ROI models would use a 3-32 %
inflation rate (as wages are the predominant driver in expenses), a more robust
rate of 4% was chosen for the PACS R¢ in the Terrier Health Authority to

minimize the risk of underestimating incre 'ng P/ S capital costs.
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series of future payments is worth today. = 2 following notes are important in

interpreting the results provided in the table:

1) Both costs and benetits have been brov - ht back to year 0.

S

) Total exams tor years 2007/08 — 2015 5 are estimated to increase 1.5%
per year

3) Total exar  have been discounted at -+ same rate as the total cost for
PACS so that the cost/exam calculati — provides a valid estimate.
Discount Amount  total ame nt * (1 0.06)™
where n is the number of years into t - project (i.e. 2005/06 = 0. 2006/07
1.2007/08:-2....)
4) Increases tor staft in both the ilm and PACS environment have been held

constant

[n using this constant payment/interest approach the average cost per exam is

estimated at $8.50 per exam.

Cost per exam = NPV (Cost)/NPV (Exams)
= Hardware + Software + Tt Discounted Cost/744.891
= $2.398.,700+$932.270+%2 L /744 891
= $6.298.559/ 1,891
=$8.50
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4.4

Management Documents

Total Cost of Ownership

In 1998, five (5) years prior to establishit a partnership with Canada Health
Infoway, the Newfoundland and Labrad  Centre for Health Information
(NLCHI) prepared a Benefits Driven Bt ness Case (BDBC) at a cost of
approximately $- 0,000. This document utlined the bencfits (i.c., health,
economic and financial) that could be expe d if a Health Information Network
(HIN) were implemented in the Province of Newtoundland and Labrador. As
noted earlier, the BDBC recommended a phased implementation approach for the
eight (8) components of the HIN, with ¢ h preceding phase s porting the

implementation of the subsequent phase:

1. Unique Personal Identifier/Client Rey  try

2. Personal Medication Dispensing History (i.e., Component of
Pharmacy Network)

3. Personal Diagnostic Service istory .e. Diagnostic Im: "ng and
Laboratory)

4. Diagnostic Service Requestor Decisi Support (i.e.. Laboratory)

5. Personal Medication Regim  (i.e., Component of Pharmacy
Network)

6. Personal Health Information Profile (i.e., the EHR)

7. Physician Practice Pattern Pro ing

8. Clinical Decision £ port Tools










































improvement in terms of comparing present examinations to old ones.
(Radiologist #5)

BN Dpatoop Temmgfe- 0o teewt- - Trangfer  f patients between hospitals
occurs when a patient requires spec  ized care that is not available at the
originating site. In the film environ entit 1s accepted practice to send
the patient and their film to a second e for diagnosis and/or treatment. It
was not uncommon for the film not to arrive with the patient, or if it
arrived, it was not useful for patient care. PACS not only eliminated the
need for the film to accompany = patient, but it also allowed the
physician at the receiving site to review the exam prior to the arrival of the

patient.

Before we would perhaps be waiting for everything before the images
were sent. or the images would be 1 without the patient, or the patient
without 2 images, and it took a lot longer 1o organize things.
(Radioloy t#1)

..before we had provincial-wide PACS or even the ability to transfers
images efficient via PACS, things were repeated in patient transfers, like,
if they were getting sent to St. John'’s from a centre outsi ' St. John's,
often there would be re-imaging because they didn’t have pictures
acceptable, so it we 'd often be q cker than trying to get films or get
whatever sent out and they would just re-im 2 it. (Radiologist #4)

Great expectations for the smaller sites, even from Western to Eastern to
be able to have that link from Western 1 morial to the St. John'’s Health
Care Corp, and then for the smaller sites in the Western region to be able
10 have images on their patients i nediately here at Western Memorial
because it benefits the patient so much, better than in the film world. You
would have to wait for films ana  tients to be delivered.  It's really
fantastic. (PACS Administrator)
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believe in the benefits of PACS to rural patients, but have difficulty ar ulating
what they are. This findii must also be v ved within the context of the
physicians interviewed, the majority of which were based in hospitals. It might be
expected that rural physicians working in a com: nity ractice would have first
hand knowledge of the benefit of PACS to their patie s, unfortunately no one
from this group who were contacted agreed to an interview. A possible
explanation for the reluctance of general practitic erst be interviewed was that
they may have had little experience with PAC , and thus felt they could offer
little insight into this technology. This lack of e :rience may be related to their

lack of remote access to the HIS.

It is also possible that many of the health professionals interviewed in this study
viewed the benefits of PACS to rural patients n the clinical perspective. That
is, did the rural patient achieve a better health ¢ come  :ausc of PACS? In most
cases radiology does not require immediate der ion making, and as such, it is
difficult for a health professional to say that PACS (versus filmr definitely
resulted in an improved health outcome. M:  times the economic (e.g., le

travel for patient) and financial (e.g., reduced patient transfers) are used as

substitute measures for improved patient outcomes.
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National PACS benefits framework can be found on Canada Health | oway’s
website at:

hitp://www.infi -infc W/Admin/U - 777 nt/BE'  Techical%20Report%20(1<N).pdt
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The process of gaining access to PACS evaluation data in Ontario ¢ | British
Co mbia began in June 2006, and ended in Janu: ' 2007 without the DSA being
approved, or the issue of signing authority of CEO’s beir  resolved. Following eight
months of communicat back and forth, the rc archer was inform¢ by both
parities that the request was unlikely to be approved. Thus ended any possibility of
cor Hining data from the Newfoundland and Labrador evaluation with data collected
fro the other three major PACS benefit evaluations  dertaken in Canada as part of

the Infoway initiative.
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ppendix A

Newfoundland and Labrador Ac e Care Sites
By Number of Beds
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Appendix B

Survey Questionnaires Adm stered to
Radiologists and F liology Technologists/1 hnicians
Pre and Post PACS Implementati












Section IV: Potential Challenges of PACS Pre-Impl. entat n

In your opinion, what might be the potential challenges to using P/.__? Please indicate the e» it to which
you agree or disagree with the following statements.

Please respond to statement 36 through 47 by circli : of the following responses:

S igly Disagree (D)
Moderately Disagree
Moderately Agree

S gly Agree (A)
Not Applicable

¥/ I SRR UL O I

(D) (A)

36) PACS will produce inadequate image quality on the

remote Web (e.g. from home). ] 2 3 4
37) PACS will produce inadequate image quality on the

workstation 1 2 3 4
38) PACS will provide inadequate functionality on the

remote Web 1 2 3 4
39) PACS will produce inadequate functionality on the

workstation | 2 3 4
40) 1 will have difficulty finding images in PACS when

I need them. 1 2 3 4
41) 1will experience inadequate remote Web performance

(speed) ] 2 3 4
42) 1 will experience inadequate Worl  tion performance

(speed) 1 2 3 4
43) I will experience inadequate access to PACS viewing

stations. 1 2 3 4
44) 1 will have difficuity logging on to the

system 1 2 3 4
45) PACS downtime will be higher than

acceptable. 1 2 3 4
46) 1 will receive insufficient trainii  in the new

technology. 1 2 3 4
47) I will experience a lack of availability of system

support. 1 2 3 4

Section V: Demographics
48) Please indicate your gender

Male m)
Female m)

49) Years in practice

unde!

2t05

6to 10
11tol5
16 to 20
21 to 25
over 25

aaaaoad
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Section II: Perceived Benefits of PACS

Please consider the current film-ba

vironment when indicating the extent to which you agree or

disagree with the following statements.

Please respond to statement 6 through 18 by circli  one of the following responses:

Strongly Dis  ee (D)
Mo :ly Disagree
Moderately Agree
Strongly Agree (A)

o W ) —

Not Applicable

(A)

6) PACS has reduced the time [ spend locating

exams for review. 1 2 3 4
7) laccess prior exams more frequently with

PACS than | did with film. 1 2 3 4
8) 1 believe that report turnaround time has improve because

of PACS (i.e. time to report dictated ort  to

preliminary report available). 1 2 3 4
9) 1 believe that PACS tools and functionality improve

the quality of 1 report. 1 2 3 4
10) PACS has improved the quality and numl  »f patient

man  ment rounds that I participate in. 1 2 3 4
11) PACNS nas increased the number of face to face

consultations 1 have with physicians and other

radiol  sts. ] 2 3 4
12) PACS nas increased the number of phone (or other)

consultations I have with physicians  d other

radiologists. 1 2 3 4
13) PACS has reduced my professional

travel time. 1 2 3 4
14) PACS has improved medical s ‘ent  liology

resident teaching. ] 2 3 4
15) With the implementation of PACS, I report remotely

for sites to which I previously traveled. 1 2 3 4
16) Withthe »oler tation of PACS, I report remotely

for new sites. ] 2 3 4
17) PACS has improved my reporting and consultation

efficiency 1 2 3 4
18) PACS has enhanced patient care and service delivery in

rural Newfoundland and Labrador 1 2 3 4
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Section | : Peceived Challenges of PACS

o which

In your opinion, what might be the potential challenges to using PAC  Please indicate the exte
you agree or disagree with the following statements.
Please respond to statement 19 through 31 by circli  one of the following resp  ses:
1 Strongly Disagree (D)
2 Moderately Disagree
3 Mod  ely Agree
4 Strongly Agree (A)
5 Not Applicable
(D) (A)
19) PACS produces inadequate image quality on the
remote Web (e.g. from home). 1 2 3 4
20) PACS produces inadequate image quality on the
workstation 1 2 3 4
21) PACS provides inadequate functionality on the
remote Web 1 2 3 4
22) PACS produces inadequate functionality on the
workstation ] 2 3 4
23) 1 have difficulty finding images in PACS when
I need them. 1 2 3 4
24) I experience inadequate remote Web perf ince
(speed) 1 2 3 4
25) I experience inadequate Workstation performance
(speed) ] 2 3 4
26) 1 experience inadequate access to PACS viewing
stations. 1 2 3 4
27) 1 have difficulty logging on to the
system 1 2 3 4
28) PACS downtime is higher than
acceptable. 1 2 3 4
29) Ireceived insufficient training in the new
technology. 1 2 3 4
30) 1experience a lack of availability of system
support. 1 2 3 4
31) The implementation/installation from fi  to PACS
was well mamnaged 1 2 3 4

Section V: Demographics
32) Please indicate your gender

Male m)
Female a

33) Years in practice

under 2 years
2to5

6to 10

11to 15

16 10 20
21to 25
over 25

guaaoaaa
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Appendix C

Survey Questionnaires Adm
I erring Physicial
Pre and Post PACS Impler

ered to

ation
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Section I1: Per ived Benefits of PACS

In your opinion, what are the benefits in havii  PACS? Please indic

disagree with the following statements.

the extent to which you agree

Strongly Dis.  ee (D)
Moderately Disagree
Moderately Agree
Stro 'y Agree (A)
Not Applicable (N/A)

L7 R N T R S

Please respond to statement 6 through 16 by circling one of the following responses:

6) PACS has reduced the time | must wait to review an
exam (images).

7) 1 access exams more frequently with PACS than | do
with film.

8) I believe that report turnaround time has improved
with the imple :ntation of PACS.

9) 1 believe that PACS tools and functionality
improve the quality of the report.

10) PACS has facilitated consultation between myself,
other clinicians and/or radiologists at other heaith
care locations

11) My efficiency has improved because of
PACS.

12) PACS has improved my ability tor e decisions
regarding patient care,

13) PACS has led to a reduction in my patients' length of
stay in hospital.

14) PACS has reduced the number of nt transfers between
facilities due to the ability to share images and consult
remotely.

15) PACS has reduced the number of exams reordered because
the exams were not available (lost or located elsewhere)
when 1 need them.

16) PACS has enhanced patient care and  vice delivery in
rural Newfoundland and Labrador

D)

[§%)

[38]

2

D

o

2

9
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Section III: Potential Challenges of PACS

In your opinion, what are the challer s to using PACS? Please ir

disagree with the following statements.

Please respond to statement 17 throi 1 28 by circli

Strongly Disagree (D)
Moderately Disagree
Mo ely e
Strc " Agree (A)
Not Applicable (N/A)

s N —

ne of the following responses:

17) PACS produces inadequate image quality on the Web
(e.g. from home)

18) PACS produces inadequate image quality on the
hospital workstation

19) 1 have difficulty finding images when
needed

20) 1 experience inadequate Web performance
(speed)

21) 1 experience inadequate workstation performance
(speed)

22) | have inadequate access to PACS viewi  stations
(PCs with Web or Workstations).

23) | have difficulty logging on to the
system.

24) PACS downtime is higher than
acceptable.

25) I received insufficient training in the new
technology

26) | am unable to view images at the  ient's
bedside.

27) 1 experience a lack of availability of system
support

28) The implementation/installation from film to PACS
was well mamnaged

Section I'V: Demographics
29) Please indicate your gender

Male M
Female _

30) Years in practice

under 2 years
z 5

610 10

tlto 15

16 to 20
211025
over 25

agaaoaaaaq

(t8)

9

(8]

29

r

(3]

b2

e the extent to which you agree or
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31) Comments

Please use this space to write any other comments you may have about the PACS system.

Thank you for takir ~ the time to comp this questionnaire!!!
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Appendix D

Reference List for Literature Review in Support of
Survey Questionnaires for
Radiologists/Technologists and Re! ring Physicians
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Appendix E

Key Informant Interview Scripts
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Study 1.D. Date:

Appendix E-2

Key Informant Interview ripts
Referring Physicians/Radiologists/Radiology Technologists

9]

2)

3)

4)

S)

6)

7

8)

What do you feel are the major ben¢ s resultii  from the implementation of
Picture Archiving and Communications Systen 'PACS)?

What limitations or gaps, if any, exist with respect to the PACS implementation?

Have there been any uninten. 1 consequences )sitive or negative, as a result of
the implementation of PACS?

What aspects of implementation went well?

What aspects of the implemen ion were challer  ng, or could have been
improved?

Briefly describe the approach taken to the trainii  of staff to use PACS. How well
did this approach work?

What take away messages or lessons learned v " 1 you consider imj  tant for
other sites undertaking an implementation of | '?

Do you have any other comments or feedback that you would like to add?



Appendix F

Ethics Approval Lette:
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Dr. D). Neville
Relerence # 07.31
February 21, 2007

Page 2

site. This approval and the views of this Research Ethics Board have been
documented in writing. In addition, please be advised that the Human Investigation
Committee currently operates according to the Good Clinical Practice Guidelines, the
Tri-Council Policy Statement and applicable laws . d regulations.

Notwithstanding the approval of the 1TIC, the primary responsibility for the cthical
conduct of the investigation remains with you.

We wish you every success with your study.

Sincerely,

el

John D. Harnett, MD, FRCPC Richard S. Neuman, PhD
Co-Chair Co-Chair

Human Investigation Commuttee uman Investication Commuittec
JDH; RSN\ jglc

C Dr. C. Loomis, V' President (Research), MUN
Mr. W. Miller, Director of Planning & Rese  th, HCCS]










Dr. D. Neville , R . . : ‘
Reference # 05206 s Page 2
l\Tn‘ﬂ'mbcr 8, 2005 : . B

This Research Ethics Board (the HIC) has revie ed and approved the application and
consent form for the study which is to be conducted by you as the qualified '
investigator named above at the specified study “e. This approval and the views of
this Research Ethics Board have been documented in writing. In addition, please be
advised thi the Human Investigation Committee currently operates according to the
Tri-Council Policy Statement and applicablela 5 and regu]atious.

Notwithstanding the approval of the HIC, Lhe primary uspomsﬂnhtv for the ethical
conduct of the investigation remains with you,

We wish you every success with your study.

Sincerely,

]Olm D. I_Iafnett, PTLI—/, FUEENNY : RlChElI’d 5. Neuﬂ‘\an, PhD
Co-Chair Co-Chair

Human Investigation Committee Human Investigation Committee
JDRLRSN\ jjm

- Dr. C. Loomis, Vice-President (Research), N
Mr. W. Miller, Director of Planning & Research, [1CCS]






Appendix G

Key Informant Interview Request

1. [Initial Contact E-mail Script
2. Follow-up Telephone Script Seeking Interview
3. Telephone Script Initiating Telephone Interview
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If you have any questions about taking part in this research, you can m  with, or
contact, the Principal Investigator who is in charge of this study at the Faculty of
Medicine, Memorial University of Newfoundland. That person is:

Dr. Doreen Neville  Phone: 737-3971 e-mail; ™ ~--"~“Dmun.ca.

Thank you very much for takii the time to inform yo elf about this study.

Doreen Neville
Don MacDonald







Appendix G-3

Key Info  ant Interview Scripts
Follow-up Telephone Script to Initi. : Interview

Hello Mr. /Ms.

This is Don MacDonald calling. As ___ indicated 1 would, when he/she
spoke with you previously, I am calling now to ask you a few questions reg ding your
perceptions concerning the implementation of Picture Archiving and Communications
Systems (PACS) in your site.

Before we begin, I want to let you know that {one other co-
investigator) is: 0 present and that both of us will be  «ing notes during the iterview.

Do you have any questions before we begin?

(see interview guides for questions to be asked)

(when interview is finished)

Thank you very much Mr./Ms. . Your participation
and time is very much appreciated.
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pi ndix H

Key Informant Intervic  Elements o! 'onsent Document
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Appendix 1

Key Informant Interview: Modified ne Call Script
(No Physician E-Mail A is)
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ppendix J

Pre Evaluation Werkshop Findings
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Key Research Questions

Based on workshop findings and questions identified in Canada Health Infoway’s report

Electronic Diagnostic Imaging Indicators Reference Doc  nent, a total of nine ( key

research questions have beeni nti: | to address in the evaluation:

1y
2)
3)
4)
5)

6)

7

8)
9)

Was the anticipated utilization/adoption of PACS achieved?

Was there a reduction in unnecessary di ate exams?

Did productivity improve for both radiolc " its and technologists?

I |turnaround time for reports improve?

What was the impact on patient transfers between sites (i.e., ability to
share images and consult remotely)?

What was the cost per  se in a film-ba 1 environment compared to the
cost per case in a PACS environment?

What were the total costs of implemen the PACS system 1d how do

they compare to estimated costs pre-implementation?

What d¢  ee of access occurs in Rural s Urban areas?
What were the lessons learned? (¢, v ie training for end-users
adequate?)
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Appendix K

Detailed Survey R ;ponse Ratesby R na 1 Professic
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Appendix K

Detailed Survey Response Rates by Re; n and Profession

Questionnaires were administered p  and/or post PACS implementation to physicians,

radiologists, and radiology technologists employed in ¢ three health authorities on the

island potion of the province of Newfoundland and Labrador. Response rates by

profession are reported below:

Pre P* 7€ ©-rvey: Physicians

All physicians in the Terrier Health Authority were administered a questionnaire 3-

months pre PACS implementation.

The pre PACS physician question1 re was mailed to all physicians in the Terrier Health
Authority (n=120) on September 12", 2005, three months prior to PACS being
implemented. After three weeks a total of 30 phys ans had returned completed
questionnaires for an initial response rate of 25.0% « )/120). On October . a second
mail-out to all physicians (n=120) resul | in 8 additic | physicians responding, for a
6.7% (8/120) response. On November 5, eight weeks r the initial mail-out, the final
response rate fo the Terrier Health Authority for the pre PACS physician survey was

31.7% (38/120) (Table 1).
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technologists (n=45). This second delivery resulted in 7 additional technologists
responding, for a 15.6% (7/45) response. On March 16", eight weeks after the

Diagnostic Imaging Director delivered the first set of questionnaires to the

technologists, the final response rate for the Te er Health Authority post PACS

technologist survey was 62.2% (28/45) (Table 6).

Table 6

Post PACS Radiology Technologist Ru

Terrier Health Author

nse Summary

Survey Group 1" Ma , 2007 Total
Deliver arned
Te nologists 42 | 140,/ 70) | 42 | 1 (15.6%) 28 (62.270) |
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Appendix L

Detailed Results of Sur
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Table 4

Where Accessing PACS
Totas
Where do you access the Respondi:

PACS System? (n=43) n (%)
Medical Imag’ 17 39.5
Clinics/Units/| 40 93.0
Private Office 14 32,6
Home 2 4.7

Table §
Accessing Reports/Exa
o Total l
What do you access most Respon
frec~-tly? (n=4. n (%)
Exams 7 16.3
Reports 7.0
Both 25 76.7
Total | “3¢enm™ 100.0
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Table 8

Gender
Total
Gender Responding
~—=235) n (%)
Male f 240 3
Female 92 217
1 33200 1) 0.0
Table 9

Years in Practice

Total
Years ‘ Responding
AT 22 AN

0-1u ' e e
11-15 | -

16-20 oo e
21-25 | 44 |12
75+ I 01 I Y
——— m— J_ BRLLVAY)
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A, pendix M

Report . arn-Around-T es (TAT) L
Terrier Health Autho

odality by Site

448
















































Appendix N

Report Turn-Around-Times (TAT) | lodality by Site
Mastiff ] alth Authg
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Appendix N

Report Turn-Around-Times (TAT) by 1 dality by Site
Mastiff :alth Authority

Hospital_H

Hospital H is the main teaching hospi  in the prov ce, and is the lar st hospital
having 332 acute care beds. It is located in St. John’s, the capital city. The diag stic
imaging modalities for which TAT data was collec’ ' at Hospital H were CAT scan
(CT), echocardiography, magnetic resonance imaging '~ RI), nuclear :dicine, general
radiograph and ultrasound. Data was collected over tl iod June 2004 to Ju 2005 (N

=97,922).





















Hospita® ¥

Hospital_I is the second largest acute care hospital in ¢ province of Newfc 1dland and
Labrador having 208 acute care beds, and is located in e St. John’s, the capital city. The
diagnostic imaging modalities for which TAT data was collected at Hospital  were CAT
scan (CT), echocardiography, nuclear medicine, general idiograph and ultrasound. Data

was collected over the period June 2004 to June 2005 (N = 73,428).



















Hospital _J

Hospital J is the only designated psychiatric hospital in the province of Newfoundland
and Labrador, having 94 acute care beds. It is located in the St. John’s, the capital city.
Hospital J provides general radiograph services as an « tpatient service to the general

population. Data was collected over the period August 104 to August 2005 (N = 6,505).
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