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Most economic studies of picture archiving and com-
munication systems (PACS) to date, including our
own, have focused on the perspectives of the radiol-
ogy department and its direct costs. However, many
researchers have suggested additional cost savings
that may accrue to the medical center as a whole
through increased operational capacity, fewer lost
images, rapid simultaneous access to images, and
other decreases in resource utilization. We describe
here an economic analysis framework we have devel-
oped to estimate these potential additional savings.
Our framework is comprised of two parallel measure-
ment methods. The first method estimates the cost of
care actually delivered through online capture of charge
entries from the hospital’s billing computer and from
the clinical practices’ billing database. Multiple regres-
sion analyses will be used to model cost of care, length
of stay, and other estimates of resource utilization.
The second method is the observational measurement
of actual resource utilization, such as technologist
time, frequency and duration of film searches, and
equipment utilization rates. The costs associated with
changes in resource use will be estimated using wage
rates and other standard economic methods. Our
working hypothesis is that after controlling for the
underlying clinical and demographic differences among
patients, patients imaged using a PACS will have
shorter lengths of stay, shorter exam performance
times, and decreased costs of care. We expect the
results of our analysis to explain and resolve some of
the conflicting views of the cost-effectiveness of PACS.
Copyright © 1995 by W.B. Saunders Company
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ICTURE ARCHIVING and communica-
tion systems (PACS) offer the promise of
low operating costs, increased efficiency, and
improved quality of care. As the technical feasi-
bility of large-scale digital PACS becomes likely,
researchers have grown interested in quantify-
ing the costs and benefits of the new technology.
Yet past experience shows that the benefits of
technologic innovations in radiology may be
associated with substantial additional increases
in cost.! Consequently, there is increasing inter-
est among PACS researchers in performing
economic evaluations of PACS to show their
cost effectiveness.
Most economic studies of PACS to date,
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including our own, have not considered a vari-
ety of additional potential cost savings accruing
to the medical center through increased opera-
tional capacity, rapid simultaneous access to
images, and other decreases in resource use.
These cost savings of PACS have not been
explicitly considered in part because they do not
directly affect the budget of the radiology depart-
ment, and because they are difficult to measure.
We are currently engaged in a large-scale study
of the simultaneous implementation of PACS
and computed radiography in a medical inten-
sive care unit (MICU). We have devised a
methodology to measure these previously hid-
den economic effects of PACS. In the sections
that follow, we will outline our data collection
and analysis methodology.

OVERVIEW OF CLINICAL ECONOMIC
ASSESSMENT METHODS

In recent years, health-care researchers from
a variety of disciplines have developed new
techniques for the evaluation of the economic
impact of medical technology.? For example,
economic analyses such as cost effectiveness can
be used to allocate resources among widely
disparate health-care strategies.>* These eco-
nomic methods have been used to study new
radiologic contrast media,>® a variety of imaging
procedures,”! and many nonradiologic tests
and therapies."

Three important dimensions must be consid-
ered in the economic analysis of medical care:
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the perspective of the analysis (patient, payor,
provider), the type of analysis (cost identifica-
tion, cost benefit, or cost effectiveness), and the
types of costs and benefits included (direct,
indirect, and/or intangible).!? The following
sections review these three perspectives.

Analytic Perspectives

Costs and benefits can be calculated with
respect to many different points of view, includ-
ing the patient, society, the hospital, and the
hospital department. A study’s perspective influ-
ences what is counted as a cost or benefit. For
example, a hospital’s cost of providing a service
may be less than its charge. From the hospital’s
perspective, then, the charge is an overestimate
of the resources consumed. However, if the
patient must pay the full charge, that charge is
an accurate reflection of the cost to the patient.
Alternatively, if the hospital decreases its costs
by discharging patients early, the patients’ costs
may increase because of the need for additional
outpatient care. To minimize the effect of these
cost-shifting incentives, most analyses are con-
ducted from the societal perspective.

Types of Economic Analysis

The three most commonly used types of
analysis are cost benefit, cost effectiveness, and
cost identification. Cost-benefit analysis of medi-
cal care compares the costs of a medical inter-
vention to its benefits, expressed in monetary
units (eg, dollars). Cost effectiveness analysis is
similar to cost-benefit analysis, except that it
does not require that the cost and outcome of a
medical intervention be expressed in the same
units. This feature of cost effectiveness analysis
is helpful in health-care analyses because health
outcomes are often difficult to translate into
units of currency. The results of cost effective-
ness analyses generally are reported as a ratio of
the number of dollars spent per unit of the
relevant outcome (eg, dollars per year of life
saved). A less complex approach than cost-
benefit or cost-effectiveness analysis is cost-
identification analysis, which simply enumer-
ates the costs involved in medical care without
considering the outcomes that result. By per-
forming cost-identification analysis, the re-
searcher can assess the costs of alternative ways
of providing the same service.
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Types of Cost and Benefit

Another dimension of an economic analysis
considers the types of costs and benefits that it
considers—direct, indirect, and intangible. The
direct medical costs of care are usually associ-
ated with monetary transactions and represent
costs that are incurred in providing the care.
Examples of direct medical costs include pay-
ments for purchasing pharmaceutical products
or radiologic equipment, salaries of health pro-
fessionals, and physicians’ fees. Because the
charge for medical care may not accurately
reflect the resources consumed, special analytic
techniques may be needed to determine these
direct costs.!3

Indirect costs, in contrast with direct costs, do
not stem from transactions for goods or ser-
vices. Instead, they represent the cost of morbid-
ity (eg, time lost from work) or mortality (eg,
premature death leading to removal from the
work force). They are costs because they repre-
sent the loss of opportunities to use a valuable
resource, a life, in alternative ways. Intangible
costs are those of pain, suffering, and grief.
Because these costs are extremely difficult to
measure, they are often omitted from economic
analyses.

PRELIMINARY ECONOMIC ANALYSES
OF PACS

According to the three dimensions of eco-
nomic analysis that we discussed in the previous
section, most existing economic studies of PACS
can be characterized as cost-identification analy-
ses that assess direct costs from the perspective
of a radiology department. For example, several
researchers have developed models of the direct
monetary costs of a PACS to a radiology depart-
ment.!* These analyses often compare the direct
costs of PACS hardware to direct cost savings
that may accrue from reductions in film supplies
and support-personnel costs. Each of these
studies is incremental in nature, measuring the
incremental cost (or savings) associated with a
change from conventional film-based image
management techniques to PACS.

For example, Cywinski and Vanden Brink!
describe a cost model of PACS based on track--
ing studies at over 600 US institutions. Their
model projects that the implementation of a
commercial PACS will pay for itself in 5 years,
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and produce cost savings in subsequent years.
They also suggest that a digital PACS will
increase the amount of time radiologists can
spend with productive patient-care activities. In
a comprehensive cost model tailored to a 400-
bed military health-care facility, Saarinen et al'®
estimated a one-time equipment cost of $7.5
million that would generate a positive cash flow
after 9 years. Pessimistic assumptions led to
positive cash flow after 17 years. In a study
based on experience with a prototype digital
imaging system at a Dutch hospital,’” no cost
savings were projected. However, this study did
not project any savings in labor costs, and
estimated system acquisition costs were more
than twice those suggested by other experts.!®
Beard et al,’” in an analysis of several digital
image management systems applied to hospitals
of different sizes, found that the optimal PACS
for a hospital performing 100,000 examinations
per year saved nearly $1 million per year during
a 5-year payofl period.

At the University of Pennsylvania, we have
performed a preliminary cost-identification
analysis of PACS based on our experience with
a prototype digital imaging system.?’ Existing
departmental expenditures were used to esti-
mate the costs of the film-based approach. An
analysis of departmental operations was con-
ducted to estimate the equipment, supplies, and
personnel needed for the operation of a PACS.
We found that the implementation of a depart-
ment-wide PACS would result in a modest
annual cost savings when compared to the
present film-based system of image manage-
ment.

Our cost identification study, and those per-
formed elsewhere, suggest that for most esti-
mates of equipment outlays, department-wide
PACS systems approximately pay for them-
selves in direct cost savings to the radiology
department. The direct cost savings to the
radiology department arise primarily from the
elimination of film supply costs, including chemi-
cals, storage space, and film-handling person-
nel. Thus, preliminary cost-identification stud-
ies indicate that, from the perspective of a
radiology department, the direct cost savings of
PACS are comparable with the costs of PACS
hardware acquisition. These results may have
caused institutions to hesitate committing signifi-
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cant resources to the implementation of un-
tested digital imaging systems.?

ADDITIONAL POTENTIAL COST SAVINGS
OF PACS

Results of an analysis from a more general
perspective may identify possible cost savings
that have not been considered in previous
analyses. For example, a recent study suggested
a 1% reduction in length of stay would avert
approximately $8 per inpatient procedure per
year.” Straub and Gur? used a survey of users
of a radiology department to estimate the cost
savings to a medical center that would result
from PACS implementation. Their survey found
that physicians estimated an average 15 percent
of their total practice costs could be attributed
to delayed access to image information. The
authors used these results to estimate between
1% and 5% possible savings caused by fewer
repeat examinations, decreased length of stay,
and improved practice efficiency. Using these
figures, they extrapolated to possible cost sav-
ings to the medical center of between $2.9
million and $14.4 million annually, amounts
that easily offset even the most pessimistic
estimates of PACS equipment cost.

As the authors suggest, these estimates should
be interpreted with caution. The cost factors on
which the study is based are derived from survey
data, not from observational studies or from
structured time-analysis questionnaires. For a
hospital whose mean length of stay is 6.7 days, a
mean cost-savings estimate of 3% translates to a
one-day savings in length of stay for nearly one
in five patients. Will this data be supported by
experimental data? Are there objective data to
suggest that 3 of every 100 radiologic exams are
repeated for nonmedical reasons? Likewise, the
potential gains in clinical practice efficiency that
may accrue from PACS technology are, as yet,
unknown. As the authors of the study suggest,
“further studies are needed to quantify more
definitively [the hidden costs of conventional]
film archival and communication systems.”?

The most significant cost savings of a PACS
may be its beneficial effects on the delivery of
patient care. For example, a PACS may in-
crease practice efficiency, decrease length of
stay, and shorten outpatient visit times. These
effects may have a substantial financial impact
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on the health-care institution.?>?* The following
factors have been discussed by many authors as
possible primary beneficial effects of PACS
implementation®>?’: increased operational ca-
pacity, fewer lost images, and rapid simulta-
neous access to images.

These benefits have not been explicitly consid-
ered in most previous assessments of PACS,
perhaps because they do not accrue directly to
the radiology department and because they are
often more difficult to estimate.

AN OVERVIEW OF OUR APPROACH

Our working hypothesis is that PACS are
cost-effective replacements for conventional
film-based image management systems when
considered from the perspective of the medical
center. To test this hypothesis, we are modeling
the incremental direct costs of a PACS from the
perspective of the medical center for use in a
cost-effectiveness model. We are explicitly at-
tempting to include the three factors mentioned
above. Our economic analysis is part of a larger
study of the effect of PACS on the clinical
environment, including the effect on the quality
and timeliness of care, and the effect on commu-
nications between radiologists and clinicians.

We are capturing information from a ran-
domly selected cohort of patients in the MICU,
both before and after the introduction of a
PACS. When data collection is triggered for an
exam, a wealth of data is obtained from a variety
of sources: one-on-one interviews with medical
staff, video-tape recordings of film viewing,
observational studies of film and personnel
flow, additional timing data from a radiology
information system, and clinical information
from chart review.

These data are used to perform univariate
and multivariate analysis and to build cost
models. These models can be integrated with
models of the incremental medical effectiveness
of PACS implementation. Figure 1 illustrates
schematically the expected form of the conclu-
sions of the cost-effectiveness study. The X-axis
represents cost, and the Y-axis signifies diagnos-
tic value or effectiveness. The two points repre-
sent the best estimates of dollar cost and health-
care benefit of film-based imaging and PACS.
Note that each point is surrounded by a confi-
dence region that indicates the uncertainty in
the results.
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Fig 1. The overall conclusions of a study of the incremental
cost effectiveness of PACS from the perspective of a medical
center. The X-axis signifies cost; the Y-axis represents diagnos-
tic value or effectiveness. Point F denotes film-based image
management, and point P represents PACS. Ellipses illustrate
confidence regions.

The economic methods we describe here are
focused on locating the position of film-based
and PACS-based operation along the X-axis.
Our analysis includes a measurement of the
effect of PACS on (1) the capital and operating
costs of a radiology department; (2) the work
efficiency of clinicians, support personnel, and
radiologists; (3) the length of stay of MICU
patients; and (4) the costs of care delivered,
including the costs of radiologic examinations,
physician consultations, and the use of ancillary
services.

Subsequent sensitivity analysis will assess the
robustness of the results and suggest those
variables that warrant additional study. In the
sections that follow, we describe each compo-
nent of our methodology.

EXTENDING THE ECONOMIC ANALYSIS
TO THE MEDICAL CENTER PERSPECTIVE

Radiology Cost Identification

The first component of our analysis is a
revision of the type of cost identification study
that we and others have performed in the past.
This analysis will determine the effect of PACS
implementation on the direct costs of our radiol-
ogy department. Capital, operating, and over-
head costs will be accounted for separately.
Hardware and software costs will be measured
in base-year dollars and depreciated over their
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useful life. The true cost of the hardware and
software that has been developed in collabora-
tion with the hospital will be estimated using the
University’s indirect cost rate. Actual depart-
mental expenditures will be obtained to esti-
mate the costs of each approach. To estimate
PACS costs, the need for equipment, supplies,
and personnel will be assessed. PACS equip-
ment costs will include interpretation/review
displays, image-acquisition devices, image-
compression devices, archive systems, optical-
disk platters, and film-hardcopy systems. These
costs will be allocated at volume. That is, the
cost will be computed per imaging examination.
The rapidly declining cost of this equipment will
be considered explicitly.

We are using two additional methods to
extend this initial analysis to the incremental
cost (or incremental savings) of PACS from the
perspective of the medical center. One is to
measure the cost of care actually delivered
through the capture of billing entries for each
patient in our study cohort. Any effects of PACS
on the care actually delivered, such as de-
creased length of stay, decreased adverse events,
or decreased utilization of radiology services,
will affect the amount of care delivered, and
thereby its cost. But this measure of cost will not
reflect efficiencies in the provision of each unit
of care (for example, less technologist time
needed per portable chest examination). Conse-
quently our second method to estimate the
incremental cost of PACS is to measure changes
in resource utilization in the MICU and the
radiology department.

Cost Estimation Through Capture
of Billing Entries

We have arranged for electronic transfer of
all billing entries from the hospital billing com-
puter and from the clinical practice billing
database to our own relational research data-
base. These entries reflect the amount of care
(ie, the number of units of care) actually deliv-
ered to each patient in our study. Our database
contains all charge entries for the patients in
question. We also collect ancillary clinical and
demographic data (such as age, sex, and admis-
sion diagnosis) and compute case mix adjusters
(such as the APACHE III score® and the
Charlson score?*30).

Billing entries reflect not costs, but charges—
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unreliable estimates of the true cost of care.!?
Consequently, we are experimenting with sev-
eral different approaches to convert each charge
entry to its corresponding cost: an existing cost
accounting system can estimate resource usage
associated with each billing entry; Medicare
ratios of costs to charges can provide a rough
conversion between costs and charges; allowed
charges from large insurers, such as Medicare
or Blue Cross/Blue Shield, can be used as a
Proxy costs.

After making these conversions, the total cost
of care delivered is estimated simply by multiply-
ing the units of care delivered by the cost per
unit. Analysis of the resulting cost data will
include both univariate and multivariate tech-
niques. Univariate analyses will be performed
on the demographic data, cost of care, length of
stay, exam performance time, interval between
exam completion and clinical action, and film-
loss rate.

Multivariate techniques offer a special advan-
tage in a study with the number of covariates
likely in this design because a multivariate
model can help to discriminate the degree to
which PACS may have affected the cost of care,
independent of the case-mix variables that we
know have an effect on the cost of care (ie,
illness severity, comorbidities, and sociodemo-
graphics). To achieve these results, multivariate
regression models will be constructed with cost
as a dependent variable. Independent variables
will include not only PACS versus film, but also
selected case-mix adjusters. These incremental
direct-cost models will measure the effect of
PACS on medical-center costs while controlling
for case mix. Similar multivariate models will be
constructed to model the independent effect of
PACS on length of stay. These models will test
whether, after controlling for the underlying
clinical and demographic differences among
patients, patients imaged during the PACS
periods have shorter lengths of stay, shorter
exam performance times, and decreased costs
of care.

Cost Estimation Through Measurement
of Resource Utilization

Some changes in resource utilization, such as
savings in technologist time per exam or savings
in clinician search time per exam may not be
reflected by billing entries. However, these
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savings do reduce costs (and may ultimately
affect future decisions about the charge for an
examination.)

The “life of a film” is a useful framework
within which to consider these tasks. In our
hospital, a portable chest examination is re-
quested by the clinician on the hospital unit (in
this case, the MICU). Next, the unit’s clerical
staff transmit the order to the radiology depart-
ment. The technologist receives the order, trav-
els to the patient’s bedside to perform the exam,
then returns with the image cassettes. After the
films are created, the film images are brought to
the radiologist for interpretation. The clinician
later searches for the images and may confer
with the radiologist. Finally, the clinician makes
a decision for action (or inaction) based on the
results of the examination.

We use a variety of data sources to collect
information about resource utilization at each
step in this process, including radiology informa-
tion system (RIS) records, physician interviews,
video cameras, chart reviews, and observational
studies.

The RIS records, via barcode reader, the time
at which radiology personnel execute many
operational functions, including completing an
examination and hanging the films. In addition,
we track the following data from the RIS
database: the number of exams repeated be-
cause of poor image quality or lost exams, the
number of delayed final reports, and the num-
ber of examinations completed but never billed
for.

Physician interviews are the mainstay of data
collection for our overall study of PACS. We
depend on this interview for estimates of (1)
physician film-search time (eg, number of trips
to the radiology department, time spent search-
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ing for films), (2) time of first image encounter,
(3) frequency of lost films, and (4) actions taken
as a result of the exam.

Video cameras are installed to monitor the
reading boards on which MICU exams are
displayed. These videotapes confirm the time
and number of clinician film-search trips and
the frequency of conferences between the radi-
ologist and clinician.

Chart review is used at the bedside to docu-
ment the time that actions were taken as a result
of films, and to compute the APACHE 111 score
on admission to the unit. Charts are reviewed
again at the time of discharge to discover
adverse events, follow short-term outcome, and
identify additional case-mix variables.

Observational studies are expensive, and rep-
resent a last resort for us. However, we have
used brief observational studies to assess critical
variables that cannot be measured in other
ways. For example, we have used these studies
to document the frequency of lost films, to
measure film-search times, and to clock each of
the technologist’s subtasks associated with per-
forming an examination.

Table 1 summarizes how these data-collec-
tion methods are used to measure changes in
personnel time, equipment utilization, and sup-
ply costs associated with each step in the life of a
film.

Relationship Between Charge Entries
and Resource Utilization

The two measures of cost we selected (billing-
entry capture and resource utilization measure-
ment) are complementary tools for cost model-
ing. For example, the overall decrease in time
between exam ordering and action decisions
(eg, to reposition a replaced endotracheal tube),

Table 1. Data Sources for the Economic Assessment of PACS

Exam Task Personnel Needed RIS  Physician Interviews  Videotape Monitoring ~ Observational Studies ~ Chart Review
Create order Clinician X X
Transmit order Clerk X
Perform exam Technologist X X
Process film Technologist or aide X X
Interpret exam Radiologist X
Search for exam  Clinician or Radiologist X X X
Confer Clinician and Radiologist X X
Action Clinician X X

Row labels indicate each step in the life of a film and the personnel involved in that step. Column labels indicate the data collection
methods used to identify changes in resource utilization during each step.
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may result in fewer adverse events, and better
patient outcomes, thereby decreasing the units
of care that need to be delivered to each patient
(reflected in fewer billing entries).

On the other hand, some changes in cost
would not be reflected immediately by billing
entries. For example, if it takes less technologist
time to process and produce each exam, fewer
technologists would be needed per exam, thus
saving wage costs for the medical center, and
decreasing its cost per exam. Ultimately, the
medical center might decrease the charge for
that examination. A similar argument could be
made if film-search time is decreased. Thus,
both of these methods are needed to capture all
the costs and savings of PACS.

Integrating Economic Models and Effectiveness
Estimates

In a separate analysis that is part of our
overall study of PACS, (not discussed here) the
diagnostic value and the utilities of PACS-based
imaging will be determined. We plan to develop
a cost-effectiveness ratio whereby the incremen-
tal cost of PACS (relative to film-based imag-
ing) is the numerator, and the additional diag-
nostic value of PACS (relative to film-based
imaging) is the denominator. This ratio will
represent the incremental dollar cost per unit of
added information. We recognize that some
observers prefer more explicit, concrete mea-
sures of outcome. Therefore, we also will com-
bine cost measurements with the equivalent
measures of health outcome. This calculation
will provide a measure that can be compared to
other research on the cost-effectiveness of medi-
cal care interventions (eg, the cost per quality-
adjusted life-year offered by a pharmaceutical
therapy).
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Interpreting the Results of the Cost-Effectiveness
Model

We plan to conduct sensitivity analysis on our
cost models to test their robustness. During
sensitivity analysis, some of a model’s param-
eters are varied within a reasonable range, and
the results of the model are repeatedly recalcu-
lated to determine the effect of uncertainty in a
model parameter on the overall results of the
model. By showing the independence or depen-
dence of a result on a particular assumption, by
establishing the minimum or maximum value of
a parameter that would affect the decision to
adopt a technology, or by identifying uncertain-
ties that require additional investigation, sensi-
tivity analysis may provide evidence for or
against the generalizability of our study to other
health-care facilities that attract a different
patient mix or that require a different PACS
configuration.

CONCLUSION

We have described a dual approach to the
estimation of the economic ramifications of
PACS on a medical service. Our approach is
cognizant of the distinction between costs and
charges. We are measuring changes in billing
entries, length of stay, adverse events, and
utilization of radiology services. In addition, we
are measuring change in the utilization of se-
lected resources that affect the cost of each unit
of care that are unlikely to be reflected in billing
entries. We believe that these two methods will
allow a shift in perspective from the radiology
department to the medical center that will show
additional savings of PACS. We expect the
interpretation of our results to explain and
resolve some of the conflicting views of the cost
effectiveness of PACS.
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