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Background: Bar coding can reduce hospital phar-
macy dispensing errors, but it is unclear if the benefits
of this technology justify its costs. The purpose of this
study was to assess the costs and benefits and determine
the return on investment at the institutional level for
implementing a pharmacy bar code system.

Methods: We performed a cost-benefit analysis of a bar
code-assisted medication-dispensing system within a
large, academic, nonprofit tertiary care hospital phar-
macy. We took the implementing hospital’s perspective
for a 5-year horizon. The primary outcome was the net
financial cost and benefit after 5 years. The secondary out-
come was the time until total benefits equaled total costs.
Single-variable, 2-variable, and multiple-variable Monte
Carlo sensitivity analyses were performed to test the sta-
bility of the outcomes.

Results: In inflation- and time value—adjusted 2005 dol-
lars, total costs during 5 years were $2.24 million ($1.31
million in 1-time costs during the initial 3.5 years and

$342 000 per year in recurring costs starting in year 3).
The primary benefit was a decrease in adverse drug events
from dispensing errors (517 events annually), resulting
in an annual savings of $2.20 million. The net benefit af-
ter 5 years was $3.49 million. The break-even point for
the hospital’s investment occurred within 1 year after be-
coming fully operational. A net benefit was achieved
within 10 years under almost all sensitivity scenarios. In
the Monte Carlo simulation, the net benefit during 5 years
was $3.2 million (95% confidence interval, -$1.2 mil-
lion to $12.1 million), and the break-even point for re-
turn on investment occurred after 51 months (95% con-
fidence interval, 30 to 180 months).

Conclusion: Implementation of a bar code—assisted medi-
cation-dispensing system in hospital pharmacies can re-
sult in a positive financial return on investment for the
health care organization.
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EDICATIONS ARE THE
most frequent cause of
adverse events." More
than a million injuries
and nearly 100000
deaths are attributable to medical errors an-
nually.” Although few medication errors re-
sult in adverse drug events (ADEs),’ hos-
pitals incur $2200 in additional costs per
ADE™ and $4685 per preventable ADE.°
Nationally, the cost of ADEs is $2 billion
per year.°
Computerized physician order entry
(CPOE) can prevent serious ordering er-
rors by up to 55%.” However, many medi-
cation errors occur in the dispensing, tran-
scribing, and administering stages of the
medication process.® Although medica-
tions picked from inventory are rou-
tinely checked and double-checked, 3% to
6% contain an error,”' and only 34% of
dispensing errors and 2% of administra-

tion errors are intercepted before patient
exposure.'’ Given the high volume of
medications dispensed by a hospital phar-
macy, even a modest reduction in the over-
all error rate might avert many prevent-
able ADEs."?

Recently, we studied medication-
dispensing error rates at our institution be-
fore and after the implementation of a bar
code-assisted dispensing system.'® Before
bar coding, 0.19% of dispensed doses had
errors with the potential to harm patients
(potential ADEs, usually incorrect medica-
tion, strength, or dosage form). After imple-
menting bar coding, the rate of potential
ADE:s from dispensing errors decreased to
0.07%. With approximately 6 million doses
dispensed annually, this represents approxi-
mately 7260 averted potential ADEs annu-
ally. Although not all potential ADEs lead
to actual ADEs, the savings from this tech-
nology may be substantial.
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Unfortunately, the cost of this technology is also sub-
stantial. Individual health care institutions have limited
resources and must choose from several error-reducing
interventions'* and investments. Overall, it has been dif-
ficult to compare interventions because relatively little
is known about their cost-effectiveness. The purpose of
this study was to assess the costs and benefits and de-
termine the return on investment at the institutional level
for implementing a pharmacy bar code system.

B METHODS B

SETTING AND OVERVIEW

Brigham and Women’s Hospital (BWH) is a 735-bed, tertiary,
academic, nonprofit medical center. Its inpatient pharmacy ser-
vice dispenses approximately 6 million medication doses for
35000 admissions annually. The hospital employs 61 full-
time pharmacists, 45 full-time pharmacy technicians, and 2500
registered nurses, who are responsible for most medication ad-
ministration.

At BWH, all physician orders are entered into a locally de-
veloped inpatient CPOE system.” Medication orders are sent
electronically to the pharmacy information system, approved
by pharmacists, and then executed throughout the hospital.
Commonly used medications are stocked in semiautomated
medication-dispensing devices in the nursing units, whereas
less commonly used medications are filled from the phar-
macy, dispensed in unit doses, and stored in patient-specific
drawers before administration.

In 2001, BWH allocated $3 million to build a state-of-the-
art bar code and electronic medication administration record
system to reduce the rate of pharmacy dispensing and nursing
administration medication errors. The project was imple-
mented in phases. During the pharmacy phase of the project,
bar codes were affixed to all medications at the unit-dose level.
These bar codes were scanned to ensure that the correct medi-
cations at the correct dose, strength, and form were being dis-
pensed. This article focuses on the costs and benefits associ-
ated with this bar code-assisted dispensing system.

INTERVENTION

Approximately 60% of pharmaceuticals at BWH lacked accept-
able unit-dosed bar code labels. Therefore, BWH established
an on-site drug repackaging center to provide 100% bar-
coded unit-dose medications. This procedure required signifi-
cant changes to the physical plant and staff workflows. For ex-
ample, pharmacy staff now had to scan bar codes as they stocked
and withdrew medications from a newly installed carousel sys-
tem (White Systems TD0860-130, series 2400, with software
version 3.1.1 beta; Omnicell, Mountain View, Calif) to ensure
that the correct medication, form, dosage, and quantity were
being dispensed.

COSTS AND BENEFITS

All relevant incremental costs from the hospital’s perspective
were included. Direct capital costs included software develop-
ment (mainly integration with the BWH CPOE and pharmacy
systems), hardware purchases (ultraportable laptop comput-
ers, scanners, and equipment for the pharmacy repackaging cen-
ter), and changes to infrastructure (wireless local area net-
work). Also included were preimplementation planning costs
incurred by key individuals who met with vendors, evaluated
products, and made decisions about new pharmacy proce-

dures and workflow. In addition, both initial and periodic train-
ing costs due to staff turnover were included.

Recurring costs included the incremental time required for staff
to support the system and repackage medications that did not have
standard bar codes. It also included direct costs, such as the lease
agreements for the repackaging center and carousel system, and
operating and maintenance costs for equipment.

The primary benefit was the cost savings associated with
preventing ADEs. Dispensing error rates were measured
before' and after implementation,” and then the error reduc-
tion rate was applied to the total dispensed doses to calculate
the expected number of avoided errors. Only errors with the
potential to harm patients (potential ADEs) were considered,
and only those that actually would have resulted in an ADE
were assigned a financial value. Estimates from the published
literature about the proportion of dispensing errors that are
intercepted (34%),"" the rate at which potential ADEs result in
actual ADEs (13.4%),’ and the average incremental cost to the
hospital of preventable ADEs ($4600 in 1995 dollars)® were
used to translate error reduction rates to dollars saved.
Because the savings from an averted ADE accrue to the hospi-
tal only under a prospective payment system, the savings were
multiplied by the proportion of such patients at our institu-
tion (73%).

The primary outcome was the net financial cost and ben-
efit during the initial 5-year period from preimplementation plan-
ning through development and roll-out. The secondary out-
come was the time when total benefits equaled total costs. Also
calculated were the cost of bar coding per ADE averted and the
return on investment at 5 years (computed as the internal rate
of return for a periodic series of cash flows).

DATA COLLECTION

Primary data were collected from various sources. Direct capital
costs were determined from BWH accounting records. Individu-
als responsible for preimplementation planning filled task grids
to document the time spent on the bar code project. Whenever
possible, these time logs were cross-checked with objective rec-
ords, such as calendar archives and attendee lists from meeting
minutes (Microsoft Outlook; Microsoft Inc, Redmond, Wash).
Time spent managing, programming, testing, debugging, and in-
tegrating software and hardware was extracted from an elec-
tronic project management system (Planview, version 7.2; Plan-
view Inc, Austin, Tex). Training hours for pharmacists and
pharmacy technicians were tallied from training session atten-
dance records. All hours were converted into dollars based on wage
rates provided by the BWH human resources department or from
other salary data compilation sources (eg, http:/www.salary
.com) when this information was unavailable; an additional 30%
was added to account for fringe benefits.

The impact on pharmacy workflow was determined by di-
rect observation, before and after intervention, of the time phar-
macy technicians spent dispensing medications. Their effi-
ciency, expressed as doses dispensed per hour, was converted
to dollars through wage information. On the basis of collec-
tive pharmacist report, training of new personnel was thought
to be time neutral compared with training before the bar-
coding system was implemented. Furthermore, no significant
change was noted in staff turnover after the implementation
of bar coding.

Benefits were calculated from directly observed rates of po-
tential dispensing errors both before' and after the interven-
tion."” A dispensing error was defined as any discrepancy be-
tween dispensed medications and physician orders or
replenishment requests or any deviation from standard phar-
macy policies. Potential ADEs were defined as dispensing er-
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Table 1. Input Variables to the Monte Carlo Simulation*
Monte Carlo Input Variable Mean (SD) Source
Doses affected by bar coding, % 84.0(1.5) Poonetal™
Pre—bar coding potential ADE rate, % 0.19(0.013) Cinaetal®™
Post-bar coding potential ADE rate, % 0.07 (0.005) Poon et al™
Rate of interception of potential ADES, % 34.0(76) Leapeetal"
Potential ADEs resulting in actual 134 (5.9) Batesetal®
ADEs, %
Cost per preventable ADE, $ 4600 (2067) Bates et al®
Prospective payment rate, % 725(0.2) 2003 BWH
billing data
Repackaged doses per month, No. 402655 (2799) Measured
Cost per repackaged dose, $ 0.07 Per contract
Carousel leasing cost, per dose, $ 0.03t Per contract
Pre-bar coding fill rate, doses per hour 1611 Measured
Post-bar coding fill rate, doses per hour 1921 Measured

Abbreviations: ADE, adverse drug event; BWH, Brigham and Women’s
Hospital.

*Normal distributions were used for all inputs, except for the cost per
preventable ADE, for which a y distribution was used. Not shown are inputs for
labor and capital (see Figures 1 and 2).

tlndicates that a 10% variance was assumed.
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Figure 1. Components of 1-time costs of the pharmacy bar-coding project.
The total of the 1-time costs was $1.3 million in 2005 dollars. Percentages
do not total 100% because of rounding.

rors with the potential to harm patients; potential ADEs were
further classified as life threatening, serious, or significant based
on a previously validated 2-physican panel algorithm."

STATISTICAL ANALYSES

Costs and benefits were aggregated by fiscal quarter and ana-
lyzed with Microsoft Excel 2003 (Microsoft Inc). Costs and ben-
efits were converted to constant 2005 dollar values using the
Producer Price Index for General Medical and Surgical Hospi-
tals.' Future costs and benefits were discounted from the project
start date (October 1, 2001) to adjust for the time value of money.
We assumed that the discount rate for costs equaled the dis-
count rate for benefits. Because the nominal prime interest rate
averaged 5% between 2001 and 2005,'” whereas annual infla-
tion averaged 2.4% during the same period,'® we assumed a real
annual discount rate of 3% for the primary analysis.

SENSITIVITY ANALYSES

One-way sensitivity analyses were performed on all nonmea-
sured data inputs, such as discount and inflation rates, the pro-
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Figure 2. Components of recurring costs of the pharmacy bar-coding
project. The total of the recurring costs was $342 000 annually in 2005
dollars.
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Figure 3. Cost expended and benefits accrued (in time-discounted 2005
dollars) each quarter of the pharmacy bar-coding project time line.

portion of dispensing errors that resulted in ADEs, and the cost
savings from an averted ADE. Furthermore, the effect of adjust-
ingall collected data upward or downward by 25% was also evalu-
ated. Because the primary outcome depended heavily on the ben-
efits side of the equation, further sensitivity analyses were
performed, including a 2-way analysis of cost per ADE with pro-
spective payment rate, a 2-way analysis of the parameters used
to estimate actual ADEs from observed rates of dispensed errors,
and an analysis restricted only to serious adverse events.

Finally, all cost and benefit inputs were simultaneously var-
ied in a Monte Carlo simulation (@RISK, version 4.5 for Ex-
cel; Palisade Corp, Ithaca, NY). Normal distributions with base
case mean values were used as the inputs with 2 conservative
exceptions. First, because the output of the model depended
greatly on the cost per ADE, which was estimated from the lit-
erature rather than measured, a -y distribution was used to skew
the distribution of this input to lower values. Second, because
the recent historically low interest and inflation rates on which
the 3% real annual discount rate was based might not reflect
the future, the Monte Carlo simulation assumed a normal dis-
tribution centered on 5% for this input. Actual measured stan-
dard deviations were used when available, such as for the er-
ror rate distributions before and after bar code system
implementation (Table 1); otherwise, a standard deviation of
10% of the mean was assumed.
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Potential ADE Rate (Before Bar Coding) ] 2.71
Prospective Payment Rate 11.75
Actual-Potential ADE Ratio ]1.70
Cost per Preventable ADE ]1.70

Potential ADE Rate (After Bar Coding) —1.01[
Error Interception Rate 087 ]
Wage Rate 044
Dose Fill Rate (Before Bar Coding) 044 |
Dose Fill Rate (After Bar Coding) 1037

Planning Hours -0.25 ]
Real Annual Discount Rate -0.13 ]
Software Development Cost -0.12 ]
Carousel Leasing Cost -0.10 ]
Unit Repackaging Cost -0.09 ]
Repackaging Rate -0.08 ]

Fill Rate Efficiency 10.07
Operation and Management Rate (Software) -0.04[1
Equipment Costs -0.04[
Infrastructure Investments -0.03 ]
Training Costs -0.02 ]

Operation and Management Rate (Equipment) -0.01
—1I5 —1I.0 —0I.5 0.0 075 110 1{5 210 215 3{0
Change Coefficient

Figure 4. Results of 1-way sensitivity analyses for each of the input variables. Change coefficient is the ratio of the percent change in the net cumulative net
benefit at 5 years compared with the percent change in the input variable. ADE indicates adverse drug event.

and the Hospital’s Prospective Payment Rate

Table 2. Years Until Cumulative Benefit Equals Cumulative Cost as a Function of Estimated Cost per ADE

Average Cost per ADE, $

Prospective I |
Payment Rate, % 1500 2000 2500 3000 3500 4000 4500 5000
40.0 33.00 10.25 7.00 5.50 4.75 4.25 4.00 3.75

50.0 12.00 7.00 5.25 4.50 4.00 3.75 3.50 3.50

60.0 8.00 5.50 4.50 4.00 3.75 3.50 3.25 3.25

70.0 6.50 4.75 4.00 3.75 3.50 3.25 3.25* 3.00

80.0 5.50 4.25 3.75 3.50 3.25 3.25 3.00 3.00

90.0 5.00 4.00 3.50 3.25 3.25 3.00 3.00 3.00

100.0 4.50 3.75 3.50 3.25 3.00 3.00 3.00 2.75

Abbreviation: ADE, adverse drug event.
*Boldface indicates the scenario that most closely approximates the base case.

B xesuits [

The total cost during 5 years was $2.24 million in infla-
tion- and time value—adjusted 2005 dollars. This amount
consisted of $1.31 million in 1-time capital investments for
planning, development, and rollout (Figure 1) followed
by $342 000 annually in recurring costs (Figure 2). No-
tably, planning expenses made up 61% of the 1-time costs.

The rate of potential ADEs decreased 63%, from 0.19%
of dispensed doses before the implementation of bar cod-
ing to 0.07% afterward.”’ Assuming that 34% of the po-
tential ADEs would have been intercepted™ and 13.4%
of the remainder would have resulted in actual ADEs,?
this corresponded to 517 averted ADEs annually, a sav-
ings of $2.2 million annually. Throughout 5 years, the
cumulative benefit was $5.73 million (the system be-
came fully active in year 3).

The net benefit throughout 5 years was $3.49 mil-
lion, and the break-even point for return on investment
occurred during the first quarter of year 4 or within the

first year of operation. Figure 3 shows how costs were
expended and benefits accrued through the 5-year pe-
riod, corresponding to an annualized return on invest-
ment of 104%. The average cost of bar coding per averted
ADE was $1573 through year 5, then only $661 per
averted ADE thereafter (ie, after achieving steady state).
One-way sensitivity analyses showed that the outcomes
were relatively insensitive to the costinputs (Figure 4). The
cost factor with the biggest impact on primary outcome was
the wage rate; a 10% increase in this input caused a 4.4% de-
crease in the net cumulative benefit at 5 years. In all cases
inwhicha costinput was varied, return on investment (break-
even point) occurred within the first year of operation.
The primary and secondary outcomes were more sen-
sitive to the assumptions that went into calculating ben-
efits (Figure 4). For example, a 10% increase in the pre—
bar coding potential ADE rate decreased the 5-year net
cumulative benefit by 27%. Therefore, more detailed 2-way
sensitivity analyses were performed for these variables
(Tables 2, 3, and 4). However, even in the worst-case
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That Are Intercepted Before Reaching the Patient

Table 3. Years Until Cumulative Benefit Equals Cumulative Cost as a Function of the Estimates of the Rate
at Which Potential ADEs Result in Actual ADEs and the Percentage of Potential ADEs

Potential ADEs That Result in Actual ADEs, %

ADEs Intercepted Before T

|
20.0

Reaching Patient, % 5.0 7.5 10.0 12.5 15.0 17.5

20.0 4.50 3.50 3.25 3.00 3.00 2.75 2.75
30.0 5.00 3.75 3.50 3.25% 3.00 3.00 2.75
40.0 6.00 4.25 3.50 3.25 3.00 3.00 3.00
50.0 7.50 4.75 4.00 3.50 3.25 3.25 3.00
60.0 11.75 6.00 4.50 4.00 3.50 3.50 3.25

Abbreviation: ADE, adverse drug event.

*Boldface indicates the scenario that most closely approximates the base case.

Table 4. Years Until Cumulative Benefit Equals Cumulative Cost as a Function of Pre-Bar Coding

and Post-Bar Coding Potential ADE Rates

Pre-Bar Coding Potential ADE Rate, %
Post-Bar Coding T I

Potential ADE Rate, % 0.14 0.15 0.16 0.17 0.18 0.19 0.20 0.21
0.05 3.50 3.25 3.25 3.00 3.00 3.00 3.00 3.00
0.06 3.50 3.50 3.25 3.25 3.00 3.00 3.00 3.00
0.07 3.75 3.50 3.50 3.25 3.25 3.25* 3.00 3.00
0.08 4.25 3.75 3.50 3.50 3.25 3.25 3.00 3.00
0.09 4.75 4.25 3.75 3.50 3.50 3.25 3.25 3.00
0.10 5.75 4.75 4.25 3.75 3.50 3.50 3.25 3.25

Abbreviation: ADE, adverse drug event.

*Boldface indicates the scenario that most closely approximates the base case.

Actual-Potential ADE Ratio I loss
Cost per Preventable ADE I Joe2
Annual Doses Dispensed 1016
Potential ADE Interception Rate -0.16 ]
Potential ADE Rate (Before Bar Coding) I Jo14
Potential ADE Rate (After Bar Coding) -0.05[]
Repackaging Cost per Dose -0.04[]
Dose Fill Rate (After Bar Coding) 110.03
Dose Fill Rate (Before Bar Coding) -0.03(]

T T T T T T T 1
-0.8-06 -04-02 0 02 04 06 08
Standard B Coefficients

Figure 5. Inputs with the largest effects on the Monte Carlo simulation output
(time value—adjusted cumulative net benefit at 5 years). Standard B coefficients
are the change (in standard deviation units) in the output variable caused by a
1-SD change in the input variable. ADE indicates adverse drug event.

scenario examined, in which the average savings from an
averted potential ADE was set at only $1500 and the pro-
spective payment rate was only 40%, bar coding still even-
tually paid for itself. Most scenarios in the 2-way analyses,
as well as a 1-way analysis of reducing annual doses dis-
pensed to 1.75 million, achieved net positive cumulative
benefits by year 10. Finally, since the cost per ADE was based
on astudy of mostly preventable ordering and administra-
tion errors,® whose severity distribution may differ from
that of preventable dispensing errors, we also performed
an analysis restricted to serious or life-threatening poten-
tial ADEs. In that scenario, return on investment oc-
curred in the 10th year, with the average cost per averted
ADE of $5711 through year 5 and $2401 thereafter.

The Monte Carlo simulation corroborated these find-
ings. The net benefit throughout 5 years was $3.25 mil-
lion (95% confidence interval [Cl], -$1.22 million to
$12.07 million), and the break-even point for return on
investment occurred after 51 months (95% CI, 30 to 180
months). In only 1.6% of the simulations did the inter-
vention never achieve a positive net benefit. The aver-
age cost per averted ADE was $1976 (95% CI, $609 to
$5613) during the first 5 years and $873 (95% CI, $207
to $2542) after steady state. The Monte Carlo simula-
tion was most sensitive to the percentage of potential ADEs
resulting in actual ADEs; every standard deviation in-
crease in this variable caused a 0.68-SD increase in net
benefits throughout 5 years (Figure 5), a 0.29-SD de-
crease in time to break even, and a 0.72-SD decrease in
the cost per averted ADE.

B COMMENT Sy

Across a broad range of assumptions, investment in a hos-
pital-based pharmacy bar-coding system for dispensing
medications was not only favorable but was cost saving
from the hospital’s perspective within a 5- to 10-year ho-
rizon. This is similar to the results of a recent cost-benefit
analysis of CPOE at this institution,'® which measured a
$9.5 million net benefit during 10 years and a break-even
point of 7 years. Since the medication-dispensing process
is distinct from the medication-ordering process, the cost
savings from pharmacy bar coding is likely to be indepen-
dent of what might be obtained from CPOE.
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A strength of this study is that detailed prospectively
measured costs and benefits were used, and when pri-
mary data were unavailable, published estimates rather
than expert opinion were used. Although one may dis-
pute the 2 most important determinants of benefit, namely
the proportion of dispensing errors that result in ADEs
and their cost, the analysis appeared to be robust when
these variables were varied widely.

Of course, whether the implementation of a bar
code-assisted medication-dispensing system is suc-
cessful or not ultimately depends as much on the
implementation as on the system itself, both of which
can introduce errors.'** Although the method used to
measure preintervention and postintervention error
rates” counted all errors that slipped passed the qual-
ity control processes in place for the system as a
whole, different results may have been observed if the
same system had been implemented with less planning
or staff training.

Although this study assessed the value of pharmacy
bar coding, it did not evaluate other potential invest-
ments the hospital could have made with its funds. As
previously mentioned, the costs and benefits of inpa-
tient pharmacy bar coding are comparable to those of
CPOE. Until similar cost-benefit analyses of other error-
reducing strategies are performed, both computer and
non—computer based, such as increased pharmacist staff-
ing or decreased patient-nurse ratios, no conclusion can
be made about the relative value of pharmacy bar cod-
ing compared with these other interventions.

This study took the implementing hospital’s perspec-
tive. From a societal perspective, the costs would largely
be the same, but the benefits would be greater because
they would also include benefits to the patient, such as
reduced pain and suffering, decreased length of stay, and
averted lost income. Therefore, a societal cost-benefit
analysis would be more positive than that reported herein,
suggesting that payers and purchasers should support hos-
pitals without enough capital to fund the up-front costs
of this technology.

This study had several limitations. It was conducted
atasingle large academic institution with a rich computer-
based decision support infrastructure, and the results may
not be generalizable to smaller community-based hos-
pitals without such an infrastructure. However, the fact
that hospital pharmacies across the nation use similar stan-
dardized medication-dispensing processes®! with simi-
lar pre—bar code dispensing error rates'” suggests that the
benefits of bar coding this process can be reproduced
widely. Furthermore, neither CPOE nor bar code—
assisted medication administration is a prerequisite for
implementing this technology. It requires only the pres-
ence of a computerized pharmacy system, which most
hospitals have.”!

Certainly, the size of the hospital, or more precisely
the number of dispensed annual doses, matters. Keep-
ing costs constant, return on investment within 10 years
was achieved with annual doses of at least 1.75 million.
However, it is likely that smaller hospitals would have
lower expenses as well. Also, the fact that bar coding of
unit-dose medications by manufacturers is now man-
dated* implies that a portion of the costs measured in

this study (that associated with repackaging) might be
avoided or reduced.

The institution in this study decided to build its own
software and lease its repackaging equipment. Other
hospitals may choose a different combination of lease,
buy, or build options. As the technology matures and
vendors produce more products, it is likely that these
options will become cost competitive with each other
and therefore will not influence the net benefit signifi-
cantly.

Finally, the study design was based on a pre-post com-
parison of error rates. A randomized controlled trial de-
sign was not possible with such a large systemwide in-
tervention. However, the pre- and postintervention periods
were temporally close, and no other significant changes
were made in the medication-dispensing process dur-
ing the transition to bar coding. Furthermore, no sig-
nificant changes were noted in other pre-post measure-
ments, such as dispensing volume, case mix and severity,
or prospective payment rates.

In conclusion, this study demonstrated that a hospi-
tal-based pharmacy bar-coding system for dispensing
medications was cost saving within a 5- to 10-year time
frame across a wide range of assumptions. These data
may be helpful to hospitals in prioritizing implementa-
tion of bar coding among other investments being con-
sidered.
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