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I. INTRODUCTION

A. BACKGROUND

j)This report presents a cost/benefit evaluation of the Tri-Service
Laboratory (TRILAB) System installed at -the Naval Regional Medical
Center (NRMC) Oakland.™,

NRMC Oakland was the first facility to receive the TRILAB system
and was chosen as the primary evaluation site for the system. TRILAB
was also implemented in two other sites: Dwight D. Eisenhower Army
Medical Center (DDEAMC), and Wright Patterson

Medical Center and Regional Hospital, Dayton, Ohio.
collected at NRMC Oakland during

Augusta, Georgia;

The evaluation
was based primarily on data
evaluations of laboratory services before and after implementation of
TRILAB, but inputs from the other two sites were used where availabie
for confirmation.

The original evaluation plan for the TRILAB system was developed by
Analytic Services, (ANSER), in 1980. data were
collected under the supervision df ANSER staff during an eight-week
period (September 29, 1980-November 29, 1980).

Implementation of the TRILAB system at NRMC Oakland was initiated
in February 1982, The basic data for the post-implementation
evaluation were collected during an intensive study period, October
8-22, 1982. 1In addition to data collection and interviews during this

study period, three implementation monitoring visits were made prior
1982), during which
The resulfs of the

Inc. Baseline

to the study period (March, May and August,

laboratory staff and providers were interviewed.
the Tri-Service

summarized in “Evaluation of

Volume II," Arthur D. Little,
The cost/benefit analysis presented here 1is

two studies were

Inc., January 21,

Laboratory System,
1983 (draft report)l.
based primarily on data and information presented in this report.

The TRILAB system is designed to support the following laboratory
activities: patient files, test order entry, specimen accessioning
ané control, work document preperation, quality control, test result

entry, inquiry and data retrieval, test result reporting at wards and




clinics, and management reporting. The TRILAB system has the
capability to interface automated, high~volume test instruments
on-line, with the goal of significantly reducing clerical work of
laboratory technicians and transcription errors. The system is also
designed to monitor quality control samples in order to check for
correct calibration of instruments and proper handling of the
specimens within the laboratory, and to produce interim test results
reports, daily cumulative reports, and cumulative summary discharge
repor:s. .

The system supports terminals outside the laboratory, such as in
wards, clinics and satellite facilities, for transmission of results
and for inquiry as to test status. In addition, the system produces
management information, such as laboratory workload summary reports,
in order to reduce the effort to prepare management reports and to
assist in the efficient organization and administration of the
laboratory.

NRMC Oakland is a large medical treatment facility (MTF), with an
average daily inpatient census of 244 patients and service volume of
376,326 outpatient visits per year (FY 1982). During FY 1982, the
clinical laboratory performed approximately 2,586,000 tests (including
quality controls) compared with 2,642,000 tests in 1980. Laboratory

workload thus remained relatively stable between the baseline and

post-implementation periods. During October 1982, when the post-
implementation data collection effort was carried out, the laboratory
performed 170,150 patient tests (excluding quality control). This is
15 percent greater than the 147,625 tests reported performed in
October 1980 (when the baseline survey was carried out). Assigned
clinical laboratory staffing was 90 FTEs during both the baseline and
post-implementation periods.
B. APPROACH

> The approach to the cost/benefit analysis was that of estimating
total incremental life-~cycle costs and benefits over the period of the
contract, eight years; that 1is, the addi{tional costs and benefits
attributable to the TRILAB system. The one-time and recurring costs
associated with the acquisition and implementation of the TRILAB
system were identified and estimaégd, using contract documents.

Estimates provided by the facility were used for different elements

A\ Arthur D. Little, Inc.
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of implementation costs. Benefits were estimated by comparison of
activities in the laboratory and in provider locations affected by
implementation of the system, from work sampling and observation
studies, and by interviews. The majority of quantifiable benefits
resulting from the system were in the form of personnel time savings.
These personnel resources saved through implementation of the TRILAB
system have not necessarily resulted in fewer FTEs employed in the
hospital, but in most instances have resulted in increased time made

available to meet increased demand for services or to provide more

T e e b 2t . -
1

directly related patient care activities. Thus, the value of the time
freed up (measured by the associated hourly salaries and fringe
5 benefits) was considered a benefit of the system.

In addition to those benefits which could be quantified, there
were a number additional benefits which could improve patient care or
possibly result in cost savings, but could not be estimated or
quantified. These were summarized as "non-quantifiable benefits.”

The next chapter summarizes the incremental costs and benefits
due to the TRILAB system and a base-case life-cycle cost/benefit
5 analysis. The base case incorporates the best estimates of costs and
, quantifiable benefits and assumptions with regard to appropriate
' ;' inflation and discount rates. Chapter III presents the results of

several sensitivity analyses, which test the effect of alternative
inflation and discount rates, equipment configuration and benefit

estimates.
C. SUMMARY OF FINDINGS

The base~case life-cycle analysis shows that the TRILAB system
installed at NRMC Oakland is very cost effective. Life~cycle benefits
of $2.6 million exceed life~cycle costs of $1.9 million by $750,000.

]

i

Approximately 10 percent of quantifiable benefits were obtained within
k the laboratory and 90 percent outside the laboratory, in patient care
|

!

|

:

areas. In addition, there were a number of benefits which could not
be quantified, including:
t
|
3
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e improved turnaround time for test results, which had the
potential for improving patient care and reducing length
of stay;

e improved and easier availability of test results to

providers, which improved relationships between providers

and laboratory staff;

e improved and more useful report formats, such as cumula-

tive reports and highlighting abnormal results, which
could improve patient care; and

e 1increased laboratory management reporting capability,

which could improve overall effectiveness of laboratory
operations.

Sensitivity analyses show that in general the positive net
benefits are increased by different assumptions with regard to assumed
inflation or discount rates, terminal configuration, or growth in
annual number of tests. The only change in estimates or assumptions
which reduced benefits was a decrease in personnel time savings
outside the laboratory (in wards and clinics); if these time savings
were decreased by 50 percent, then life-cycle costs exceeded
quantifiable life-cycle benefits.

/A Arthur D. Little, Inc.
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II. COST/BENEFIT ANALYSIS OF TRILAB SYSTEM
NRMC OAKLAND

This chapter presents a life~cycle analysis of the incremental
costs and benefits of the TRILAB system installed at the Naval
Regional Medical Center, Oakland.

The majority of the data used in this analysis was obtained from
a previous report entitled, "Evaluation of the Tri-Service Laboratory
System, Volume II, Naval Regional Medical Center, Oakland," which was
submitted to the TRIMIS Program Office in draft form on January 21,
1983. Other inputs were obtained from the evaluations at DDEAMC and
Wright Patterson.

A. SYSTEM COSTS

The following estimates of costs of the TRILAB system were based
on three sources: the vendor proposal for the system at NRMC Oakland,
the monthly material inspection and receiving reports for the lease
and maintenance of the systems, and interviews held with systems,
laboratory and nursing staffs of the hospital.

Costs of ghe system were divided into one~time costs (including
system acquisition, site preparation, set-up and training costs), and
recurring costs (including system operations staff, data processing
supplies, system maintenance and space costs).

1. One~Time Costs

A Arthur D. Little, Inc.

a. System Acquisition

The laboratory system was ©purchased under a 13-month
least-to~ownership plan at a monthly charge of $39,182. The total
cost of the hardware system, including mainframe and peripherals (42
CRTs, 7 character printers and 1 1line printer) was 13 months x

$39,182/month = $509,366. Other one-time vendor charges were:

System installation $ 48,895
Software $188,897
Documentation 15,790
Training 21,053

The total system acquisition cost was therefore $784,001.
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b. Site Preparation

The cost of preparing a computer room for the TRILAB and other
computer systems was $163,000. In addition, it was planned to upgrade
the air-conditioning and power supply to the computer room in December
1982; the cost of site upgrade was estimated at $165,000. Total cost
of preparation for automation was therefore $328,000. Since the
computer room will supporc several computer systems, 30% of the site
preparation costs were allocated to TRILAB. Total site preparatiomn
cost was therefore estimated at $100,000.

c. Other Equipment

The MIS Department purchased additional anchors for the terminals
($806) and video tape ($453) for the system, for a total of $1,259.
d. Systems Staff

During installation and implementation of the system, six
man-months of analysts were involved (four man~months of an analyst
GS-11 and two man-months GS-12): (4 x §$3,179%) + (2 x $3,560%) =
$19,836,

e. Training Time

The following categories of hospital staff received training on
use of the system, during their normal duty hours. The estimated
costs of the staff time involved are presented below:

Computer Operators. Five computer operators (GS-7 level)

received 24 hours of training each. The staff time salary cost
therefore was: 5 x 24 x $12.39% = $1,487.

*Civilian salaries from Federal Employees' Salary Scale. Ranks used
were GS-4 = ward clerk; G3-7 = LPN; GS-11 = RN (all step 4). Includes
leave allowance of 20.9% and fringe of 21.7%2. Military salaries
include base pay from annual composite salary schedule. Ranks used
were E~1 = ward clerk; E-4 = non-RN; O~1 = RN. Rates were adjusted by
leave allowance of 20.92 and 3821 fringe plus quarters and other
special pays. The value of time for RNs and ward clerks was
calculated at 25% civilian and 75% military. Corpsmen were assumed to
be 100Z military and LPNs 110% civilian. A composite military nursing
staff was developed from data on staffing mix collected at three
medical facilities (William Beaumont Army Medical Center, Naval
Regional Medical Center at Jacksonville, and United State Air Force
Regional Hospital at Eglin) during FY 1982. The actual mix of
laboratory personnel at NRMC Oakland was used to calculate an average
laboratory salary.
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Laboratory Staff. Approximately 45 laboratory staff received

about five hours of training each on use of the system, for a total of
225 hours. In addition, senjor laboratory staff spent approximately
70 hours in training physicians to use the terminals for inquiry, on a
one-on-one basis. The total estimated time cost was 295 x $11.01 =
$3,248,

Nursing Staff. One hundred-eleven members of the Nursing

Department staff received one hour of formal training each. At an
average hourly salary of $12.68, the salary time cost was 111 x $12.68
= $1,407.

Physicians. As discussed above, approximately 70 phyr ~ians

received one-on-omne training from laboratory staff. Assur ; an

average 0~4 grade and one hour of training, the time cost invol was
70 x $30.31 = $2,122,
Total. The total estimated cost of staff time invo. - In

training was therefore $8,264.
f. File Building
Laboratory staff time involved in building the initial data files

was estimated to total 120 man-days. At an average daily cost of
$88.15, the total staff time costs was 120 x $88.15 = $10,578.

g. Total _

The total one-time cost for installation and implementation of
the TRILAB system at NRMC Oakland, as summarized in Table 1, was
$923,938. '

2. System Operating Costs

4. System Maintenance

Initial monthly system maintenance costs were:

Hardware $2,148
Software 1,390
Communication Lines 558

Total $4,096

Hardware maintenance was scheduled to increase annually by 7
percent, 7 percent, 9 percent, 9 percent, 12 percent, 13 percent, and
14 percent on July 1, 1982 through July 1, 1988, Communication line

-

ﬁ _
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TABLE 1
' ONE-TIME TRILAB SYSTEM IMPLEMENTATION COSTS ]
NRMC OAKLAND 1
-
i
' - l Cost Item Cost
f ‘ System Acquisition $784,001
l t Site Preparation 100,000
Other Equipment 1,259
. Systems' Staff 19,836
1
N Staff Training Time 8,264
‘I ’ File Building 10,578
( Total $923,938
{
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i
' maintenance cost was Scheduled to escalate at 10 percent per annum
commencing July 1, 1982. Software maintenance costs were not subject
' to escalation. The projected schedule of maintenance costs 1is shown
in Table 2.
i l b. Space Costs
b The allocated annual space cost for the computer room at NRMC
} ] Oakland was $5.71/sq. ft. for 1,560 sq. ft., or $8,908. There are

i currently three computer systems; it is planned that there will be ten

v 1 systems within four years. The space costs were therefore estimated
at $2,969 annually for the first three years and $891 per year
thereafter.

- ¢c. Staff Costs

Analyst. A full-time analyst (G5 11) was devoted to the
maintenance of the system. The annual costs were therefore $38,142.

Operators. The equivalent of 56 hours per week of operator time
(GS 7) were allocated to the system. The annual cost was therefore 52
weeks x 56 hours x $12.39 = $36,080.

\
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The total annual system staff costs were therefore $74,222.

d. Supplies
Estimated costs of supplies (primarily computer report paper)
were $14,000,

/

~———

3. Summary of Costs

Table 3 summarizes the estimated annual (non-inflated and

undiscounted) recurring costs for 1982-1990. The projected annual

T LAl

increases in hardware maintenance were included, but no other

Ly

inflation factors were taken into consideration in these calculations.

Annual recurring costs were estimated to increase from $140,000 per
year to $169,000 per year during this period.

Table 4 summarizes the total (undiscounted and non-inflated)

L aae 2 A K

costs of the system over the eight-year contract period taken as the

life~cycle of the system. The system is estimated to cost approxi-

Py

mately $2.2 million over the eight-year period, or approximately
$250,000 per year, for acquisition, installation and operation.

A\ Arthur D, Little, Inc.




TABLE 2
ANNUAL TRILAB COMPUTER MAINTENANCE COSTS
NRMC OAKLAND
P24 Hardware Software Line Total Annual
1982 (6 mos.) $2,148/mo. $1,390/mo. $558/mo.  $4,096/mo.  $24,576
1983 2,298 1,390 614 4,302 51,624
1984 2,459 1,390 675 4,524 54,288
. 1985 2,681 1,390 743 4,814 57,768
- 1986 2,922 1,390 817 5,129 61,548
) 1987 3,272 1,390 899 5,561 66,732
1 I 1988 3,698 1,390 989 6,077 72,924
1989 4,216 1,390 1,087 6,693 80,316
‘ ' 1990 (6 mos.) 4,806 1,390 1,196 7,392 44,352
] $514,128
i
f
L]
I
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{
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TABLE 3

ANNUAL RECURRING TRILAB SYSTEM COSTS
NRMC OAKLAND--1982-1990
(not inflated or discounted)

Lk bt o o NN WD

i Y MainCenancel Space Systems' Staff Supplies Total
; 1982 (6 mos.) $24,576 1,485 $37,111 $ 7,000 $ 70,172
: 1983 51,624 2,969 77,164 14,000 145,757
i i 1984 54,288 2,969 77,164 14,000 148,421
| j 1985 57,768 891 77,164 14,000 149,823
i, 1986 61,548 891 77,164 14,000 153,603
f 1987 66,732 891 77,164 14,000 158,787
1988 72,924 891 77,164 14,000 164,979
1989 80,316 891 77,164 14,000 172,371
; 1990 (6 mos.) 44,352 446 38,582 7,000 90,380
$1,254,293

1.As specified by contact
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TABLE 4

TOTAL TRILAR SYSTEM COSTS
NRMC OAKLAND--1982-1990
(not inflated or discounted)

FY Recurring Co=:s vne~-Time Costs
1982 (six mos.) $ 70,172 $923,938
1983 145,757
1984 148,421
1985 149,823
1986 153.603
1987 158,787
1988 164,979
1989 172,371
1980 (six mos.) 90,380 L
One~Time Costs $1.254,293 $923,938

12
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Total
$ 994,110
145,757
148,421
149,823
153,603
158,787
164,979
172,371

§2,178.231
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B. QUANTITATIVE BENEFITS OF TRILAB SYSTEM

On July 15, 1977 the TRIMIS Medical Review Group (MRG) developed

seven project objectives for the Tri-Service Laboratory System: -

o To make information available to physicians with
increased efficiency and accuracy;

e To present the data in a convenient and meaningful manner
with sufficient variety in report formats to meet the
needs of all users;

e To be able to handle incre»sed demands for laboratory
tests without significant increases in staff;

® to provide accountability of laboratory requests and to
monitor generation of test results to include providing
notices of abnormal values or improper quality control
results as soon as they are available;

e To gather, as a result of normal procedures, workload and
managerial data, and to present this as required in order
to assist in decision-making in the laboratory;

e¢ To vreduce the clerical work required of qualified
technicians in the laboratory;

e To improve result accuracy by eliminating transcriptien,
calculation, and specimen identification error.

In this section, estimates of those benefits attributable to the
TRILAB system which can be quantified are presented. The benefits are
divided into (a) those achieved within the laboratory, and (b) those
achieved outside the laboratory, in patient care areas.

1. Estimated Benefits in Laboratory

Estimates for benefits in the laboratory were developed from two
different sources: (1) data obtained from baseline and post-
implementation work sampling studies, and (2) interviews with key
staff in the laboratory.

8. Savings in Information Handling

Work Sampling Estimates. The work sampling studies estimated

that the percentage of time devoted to information handling activities
vas 2.6 percent lower in the post-implementation period than in the

baseline period, based on data collected during the day shift, Monday

13
/A Arthur D. Little, Inc.
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through Friday. Assigned staff totaled 1,300 hours per week in the
post-implementation period. From information obtained during the
implementation monitoring visits, it was estimated that 80 percent of

laboratory tests were performed during this time period. Assuming

Ll et GuS D

that the distribution of activities was the same on weekends as during
# midweek, the total number of laboratory staff hours saved per year

was estimated as:

. 2.6%Z x 1300 hr/wk x 52 wks/yr = 2,197 hours
! : .80

The resulting figure was multiplied by an average hourly salary for
. the mix of staff in the laboratory, $11.01, for an overall estimated
savings of $24,189.

Interview Estimates. Interviews with laboratory administration

L}
'

and supervisors were conducted and the following information handling
areas were 1ldentified as having benefits derived from implementation
of the TRILAB system:

e Workload Reporting. Laboratory supervisors estimated that

———

5.5 hours per week (442 hours per year) were being saved
due to the TRILAB system producing the workload reports.

Using the average salary of $11.01 per hour, the annual

savings were $4,866.

o Quality Control. The amount of time saved by the computer

system by producing quality control reports was estimated
by staff members to be 11 hours per week (572 hours per
year). This represents an annual savings of $6,298.

e Patient Exception Reports. It was estimated that approxi-

mately 10 hours per week (520 hours per year) were being
saved by faster review of patient exception reports, due to
the highlighting of abnormal results by the TRILAB system.
The annual savings is thus $5,725.

ey ey ) N Gl ad D

¢ Telephone Calls. The reduction in laboratory staff time

devoted to answering telephone inquiries was estimated as

Loman |

follows. During the baseline evaluation period, the

{ . laboratory performed 4,762 tests per day and received 102.4
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calls per eight-hour day shift, while in the post-

I
i
implementation period, the laboratory performed 5,489 tests
l per day and received 67.4 calls per eight-hour shift.
According to data collected at Dwight D. Eisenhower Army
l Medical Center (DDEAMC), approximately two~thirds of all
calls occur during the day shift. Therefore, it was
] estimated that there were approximately 154 cails per day
(1 call per 31.0 tests) in the laboratory during the
] baseline evaluation period and 101 calls per day (1 call
- per 54.3 tests) during the post-implementation evaluation
period.
- Using the more recent workload figure of 5,489 tests, the
- number of calls per test using a manual system (1 call per

31 tests) would be equivalent to 177 calls per day for a

o

similar workload, while in the post-~implementation period

it was 101 calls per day. The average time for each telephone
call was estimated as four minutes. Therefore, the number

of hours per day spent on the telephone during the baseline
evaluation period and the post-implementation period was

11.8 hours and 6.7 hours resﬁectively. This represented a
savings of 5.1 hours per day, or 1,862 hours per year.

Using the average salary of laboratory personnel of $§11.01,
the salary equivalent of time saved per year was $20,501,

ik T

e Total. The annual savings for information handling activities
as estimated by laboratory staff, was $37,390.

Summary. The two estimates of time saved in information handling

within the laboratory, of $24,189 from the work sampling studies,

and §37,390 estimated from interviews, were averaged to arrive at

an estimate of $30,790 for time saved in information handling

activities (Table 5).

b. Reception Desk

Prior to implementation of the TRILAB system, staff at the
reception desk were responsible for maintenance of filed test results,

answering and forwarding telephone calls, and looking up test results,

15
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TABLE 5
ESTIMATED ANNUAL SAVINGS DUE TO TRILAB SYSTEM
NRMC OAKLAND

Within Laboratory
Information Handling $30,790
Reception Desk 9,298
Reduction in Duplicate Tests 1,872
41,960

Outside Laboratory
Nursing Units 222,154
Outpatient Services 127,738
349,892
Total Benefits 391,852
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As a result of the reduced workload in these activities because of
TRILAB implementation, it was possible to reduce the staff in the
reception area by approximately omne-half a person. Using the average
clerical salary of $8.94/hour (GS-4), the reduction of one-half a
person represents a savings of $9,298 per year.

c. Duplicate Tests

When a sample or test result was lost, or a test result delayed,
often a repeat (duplicate) test was ordered and performed. By
improving information handling, specimen tracking and results
reporting, TRILAB was expected to reduce the number of such duplicate
tests. No data was available to determine the number of duplicate
tests performed by the laboratory; hence the impact of TRILAB in
reducing the number of duplicate tests could not be measured directly.
Inpatient nursing staff estimated that 40-50 tests per week were
avoided, whereas laboratory supervisors estimated the number to be
closer to one percent of all tests, 1.e., 450 tests per week. Using a
conservative estimate, 100 duplicate tests per week (5,200 tests per
year) may be avoided due to the implementation of the TRILAB system.

The variable cost of each test, approximately 36¢, was derived
from the annual laboratory budget of $1,854,000 (FY 1982 UCA report)
divided by the number of tests per year, 2,586,000 and assuming that
half the cost was variable. The amount saved per year was therefore
$1,872.

d. Summary

The estimated benefits achieved through hours saved in
information handling activities was determined in two ways and
resulted in two different estimates. Therefore, an average of these
estimates was used to approximate the time savings in this area. The
reduction of one-half a person at the reception desk and the reduction
of duplicate tests, combined with the time savings in information
handling, was estimated to be approximately $42,000 (Table 5).
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2. Outside the Laboratory Benefits

Interviews were conducted with nursing staff of inpatient units
and outpatient clinics to develop estimates of the staff time saved
due to implementation of the TRILAB system. An average nursing staff
salary of $12.68 per hour was used to determine the value of nursing
staff time.

a. Inpatient Units

The nursing staff of six inpatient units with terminals estimated
that an average of four staff hours per day per unit were saved in
telephone calls, filing and chart review. Since 12 inpatient units
had terminals, the total staff time saved was estimated to be 4 x 12 x
365 = 17,520 hours. Using the average nursing staff salary of $12,68,
this represented an annual savings of $222,154.

b. Outpatient Services

The nursing staff in the emergency room and four outpatient
clinics with terminals estimated that 4.6 hours per day per clinic
were saved in telephoning, visiting the laboratory, £iling, and
looking up results. Six outpatient clinics have terminals, so the
estinmates of time were multiplied by that number and by the hourly
salary figure of $12.68. The estimated savings per year was therefore
$127,738.

C. Summar

The total number of hours saved, as estimated by the nursing
staff, was 27,594 hours per year. Using the average nursing salary of
$12.68, this represents an annual savings of $349,892 (Table 5).

3. Comparison of Costs and Benefits

As indicated in Table 5, estimated annual benefits due to the
TRILAB system were approximately $390,000. The majority of these
benefits were attributable to savings of time of nursing staff in
inpatient and outpatient units which have terminals for results
reporting and inquiry.

The benefits compare with the annual estimated costs of

approximately $250,000 (Section A), for a net benefit of approximately

18
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$140,000 per year, or $1.,1 million over the eight-year life assumed

for the system. A more refined cost/benefit life-cycle analysis is
presented in the next section, but it is clear that the estimates
indicate a high benefit for the TRILAB system.
C. LIFE-CYCLE COST/BENEFIT ANALYSIS OF THE TRILAB SYSTEM AT NRMC
OAKLAND
Table 6 presents the "base-case" life-cycle ccst and benefit
analysis for the TRILAB system at NRMC Oakland. The base-case

TR e e s—— aoe

analysis incorporates the best estimates of costs and benefits, as
derived in sections A and B above, and the following assumptions:
o The life-cycle of the system was taken as eight years,
beginning in the latter half (six months) of 1982,
through the first half of FY 1990, corresponding to the
contract period for the system.

§ ot $oomied Punand [ ] [ ____ | - _ - '

® Acquisition and one~time costs were all applied in FY 1982.

e Maintenance costs were as provided in the contract for the
system, including the specified escalation factors.

o Staff costs were based on a composite rate using DoD salaries
for 1982 and 1983, and were then projected to inflate
according to the DoD Index (5.2 percent in 1984, 4.8 percent
in 1985, 4.6 percent in 1986; and 4.5 percent thereafter).

Space and supplies' costs were estimated to inflate at the

same rate as for salaries.

® All costs and benefits after 1983 were discounted at 10

percent per year, according to DoD directives.

As shown in Table 6, total discounted costs for the eight-year
life-~cycle were estimated at $1.86 million and total discounted
benefits were estimated as $2.61 million, for a net benefit of
$751,000 over the eight-year life-cycle.

D. NON~QUANTIFIABLE BENEFITS

In addition to the benefits described in the previous sections,

which were quantifiable, providers and laboratory staff i{dentified a
number of non-quantifiable benefits due to implementation of the

TRILAB system, in interviews and in questionnaire surveys carried out

Db - WA P gy R T

as part of the evaluation. These other benefits are described in this

section.
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1. Benefits Achieved in Laboratory

The following discussion of additional benefits of the TRILAB
system to laboratory staff is based on interviews and surveys carried
out with 1laboratory administration and supervisors during the
implementation monitoring and post-implementation study data
collection visits. Laboratory staff identified the following benefits

from the system, in addition to thcse previously discussed:

e ——————

e Reduction in Transcription Errors. Because abnormal

results were highlighted on the CRT screens, and received
extra scrutiny by technicians and reviewers, there was
potencial for reduction of transcription errors. In
addition, the Microbiology section had found that the
computer~generated "infection control report," which

lists Microbiology results by patient, had enabled the

section to identify result report format errors. These
errors were mostly clerical--that is, where the wording
of results could have been improved; only one "blatant"
error had been detected during the period of system
operation. Thus this review capability, which was not
available in the manual system, was used mainly to

educate technicians to improve their reporting of

Microbiology results.
Normal Ranges Data. The system provided the capability

to provide normal ranges data with each test. This was not

N 2
By N

m, ‘d"¥~".. PR ol BUAR

always provided previously, at least for the majority of !
tests for which the users were expected to know what the

normal ranges were.

e Search Capability. The availability of the computerized

data base of test results and associated demographic data
provided the potential capability of performing a variety

of analyses with regard to utilization, epidemiologic
analysis, etc. This capability had not been utilized as vet.
¢ Management Reporting. At the time of the post-implementation

study, the workload reporting system was being enhanced to

provide a more detailed analysis of workload bv section, shift
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and day of week, and analysis of workload per assigned (FTE)
staffing. This would enable laboratory management to improve
the allocation of staffing resources in response to workload,
and thereby improve the overall efficiency and effectiveness
of laboratory services.

2. Provider Benefits

Nursing staff cited the following benefits, in addition to those
described previously:

e Improved Morale. As a result of being able to look up

test status on the terminal, and the reduction in
telephone calls to the laboratory, relationships between
nursing and laboratory staff had improved considerably.
This had improved morale of both nursing and laboratory
staff.

¢ Decreased Turnaround Time. Turnaround time for test

results, especially for routine tests, had been reduced,
contributing to the reduction in telephone calls and
improvement of relations with the laboratory. This may
also have resulted in improved patient care, and reduced
length of stay. Although it was not possible to measure
the impact on length of stay, it was estimated in a pre-
implementation cost/benefit study2 that reduced turnaround
time might reduce the length of stay for 102 of admissions
by one day. At 14,600 admissions per year, this would
result in a reduction of 1,460 patient days per year. At
$100 per day of variable cost, this would imply annual
savings of $146,000. (These potential cost savings were
not included in the previous analysis of benefits.)

o Identification of Abnormals. Because abnormal results

were identified on test results reports (by an asterisk),
leading to faster and easier identification of patient

problems, patient care was felt to have been improved.

22
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o Discontinuance of Flow Sheets. Since the laboratory test

report formats were cumulative, some nursing units dis-
continued the manual charting of "flow sheets." Other units,
however, preferred to maintain them because of their more
concise format compared to the computer reports.

Informal interviews were also held with a number of physicians.
Physicians were generally pleased with the system, once most of the
"bugs" had been eliminated. In general, the house staff (residents
and interns) who take care of inpatients, were very pleased with the
faster availability of results via terminal inquiry, thereby avoiding
the considerable number of phone calls that were previously necessary.
Clinic physicians had mixed reactions depending on the extent to which
they relied on terminal inquiry, versus review of hard-copy results.
Some clinic physicians found it easier to use the terminal to look up
patients' results, whereas other physicians preferred to utilize
hard-copy reports.

The following benefits were cited by physicians:

o Reduction in Telephcone Calls. The number of telephone

calls to the laboratory had dropped cousiderably. It
was now necessary to call only when the computer

was down, providers needed information for patients who
were seen more than 30 days ago, or from units or sites
which did not have terminals.

o Improved Turnaround Time. Hard-copy reports were returned

to providers sooner, reducing the need for special inquiries
on test results.

e Improved Quality of Care. Quality of care had improved

because of the report format, including flagging of
abnormal values and inclusion of some test results in the
daily cumulative summary report which were not included
in the flow sheets. Routine values were now available

earlier (via terminal inquiry) than prior to TRILAB.

A\ Arthur D Little, Inc.
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To summarize, both the interviews and the questionnaire surveys
indicated that health care providers were generally pleased with the
TRILAB system, citing as advantages reduced telephone calls, decreased
turnaround times, improvements in relationships with laboratory
personnel, and improvement in quality of care due to easier and faster
access to test results, identification of abnormal values, and

cumulative report formats. A further indirect measure of approval of

h— ey et G g

the system was the expressed desire of staff in those inpatient units
and outpatient clinics that did not have terminals (and had to share a
. terminal in another location) for a terminal in their own location.
3. Summary

In addition to the quantifiable benefits discussed in section B,
there were significant additional benefits which could not be
quantified. These included:

o Improved turnaround time for test results, most markedly
in availability of results for routine Chemistry and
Hematology tests. This improved turnaround time in test
results had the potential for improving patient care and
reducing patient length of stay.

e Laboratory results were more easily available to providers
(via termiral inquiry) and in more useful format (provision
of cumulative reports and highlighting abnormal results),
which had the potential for improving quality of care. In

addition, the improved reporting and inquiry capability of the

oA eed e g e

system had resulted in a considerable reduction of telephone

calls to the laboratory, improving the relationships between

4

providers and laboratory staff, and reducing the disruptions

of work flow in the laboratory.

1

Cw . e The increased management reporting capability within the
l laboratory had the potential of providing laboratory manage-
. ment with improved data on workload by shift and day of week,
{ and thereby improving the overall efficiency and effectiveness

of laboratory services.
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IV. SENSITIVITY ANALYSIS

A. INTRODUCTION

In the previous chapter a base-case life-cycle cost/benefit
analysis on the TRILAB system at NRMC Oakland was presented using best
estimates of costs and benefits, and one set of assumptions with
regard to inflation rates and discount rate. In this chapter,
sensitivity analyses are presented which investigate the effect on the
net benefits of the system due to alternative assumptions with regard
to:

inflation rates;

e discount rate;

e addition of terminals to the system;

e estimated benefits;

e laboratory workload increase.
Individual tables summarizing each cost/benefit analyses are presented
in the Appendix, and summarized in this chapter. Table 7 presents a
summary of the net benefits and costs of each of the sensitivity
analyses, which are discussed below.
1. Inflation Index

The base case utilized the inflation index prescribed by DoD, for
operating and maintenance (non-contractual) cost items. The
sensitivity of the result to two alternative sets of inflation indices
has been determined. One set of inflation rates used was estimated by
the Health Care Finance Administration (HCFA), and another set was
obtained from the health care industry publication, Rate Controls.

The alternative inflation indices are summarized in Table 8. The HCFA
projected inflation rates are somewhat higher than those of the DoD
inflation indices, and Rate Controls projects somewhat higher rates of
inflation than the HCFA projectioms.

As indicated in Table 7, the result of utilizing the HCFA
inflation index is that both costs and benefits are somewhat increased
over the base-case estimates, with benefits increasing more than
costs. The result is that net benefits (benefits minus costs) are
$154,000 greater than the base-case net benefits estimates of
$751,000. Similarly, with the Rate Controls indices, the net benefits

are $345,000 greater than that of the base-case net benefits.
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TABLE 7

SENSITIVITY ANALYSIS OF LIFE-CYCLE COSTS AND BENEFITS
TRILAB SYSTEM AT NRMC OAKLAND

(1982-1990)
]
. Costs Benefits Benefits-Costs
? Base Case (10% discount, oo
) DoD inflation rates) §1,862,429 $2,613,099 $ 750,670
Inflation Index
~ HCFA inflation indices 1,900,773 2,805,034 904,261
i
- Rate Controls inflation
indices 1,943,887 3,038,501 1,094,614
Discount Rate
-
8% discount rate 1,930,558 2,800,738 870,180
‘ 6% discount rate 2,007,125 3,011,440 1,004,315
Addition of Terminals
= l 5 Terminals 1,881,520 2,898,782 1,017,262
10 Terminals 1,890,611 3,184,465 1,293,854
l Benefits
- 75%Z of outside lab benefits 1,862,429 2,029,428 166,999
l 50%Z of outside lab benefits 1,862,429 1,447,745 -414,684
Growth
l 7.5% annual volume growth 1,862,429 3,242,815 1,380,386
) 26
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i
' B, IMPACT OF DISCOUNT RATE
Table 7 shows the impact of utilizing discount rates of 8 percent

]’ and 6 percent, instead of the base-case discount rate of 10 percent;
the lower discount rates may be more applicable if lower inflation

] rates hold in the future. With an 8 percent discount rate, the net

benefits are $120,000 over that of the base case, and with the 6

percent discount rate net benefits are $254,000 over the base case.

C. CHANGE IN TERMINAL CONFIGURATION

In view of the fact that there was considerable interest at NRMC

Oakland in increasing the number of terminals supported by the system,
a sensitivity analysis was carried out to estimate the impact of
increasing the number of terminals supported by the system by 5 and 10
terminals, assumed to be located in patient care areas.

In addition to the cost of the terminals themselves, it is likely
that an additional 16~line ALM, a multiplexing unit that connects the
terminal to the computer, would be needed; that additional cabling

would be required; and that some additional memory would be required

I to support the terminals. It was estimated that the cost of the five
§ ) terminals, the 16-line ALM, cabling and additional memory would ﬁ
e involve costs of approximately $21,000. It was estimated that the

cost of 10 terminals, the ALM, cabling and additional memory would
require an additional $31,000.

- - ————
.

i In estimating the benefits that would be achieved through the
addition of 5 or 10 terminals, it was assumed that the benefits would
; g. be conservatively only one-half that of the existing terminals (cr

savings of only 2 hours of nursing staff time per terminal per day),

on the assumption that currently terminals were located in patient

———.y
i

units and outpatient clinics with the greatest volume of activity, and

. B

{ that incremental terminals might not result in equivalent staff

-

savings. It was also assumed conservatively that no additional

benefits would be achieved in the laboratory (although the volume of

-
e m—

_ telephone calls could be expected to decrease). As indicated in Table
S . 7, the addition of 5 or 10 terminals is estimated to increase net
g benefits by $267,000 and $543,000, respectively, suggesting that such
additional capability would result in a positive net incremental

benefit.
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l D. CHANGE IN BENEFITS
The major component of the benefits estimated for the TRILAB
l. system was the estimated time of nursing staff saved on inpatient care
units and in clinics due to the improved results reporting and inquiry
1 capabilities of the system, and improved report formats, The
i estimated savings were obtained by interviews with nursing staff in a
number of units and clinics; the estimates were reasonably consistent

from unit to unit and from hospital to hospital (similar estimates

i ———
)

were obtained at the other two sites 1in which TRILAB has been

. implemented: Wright Patterson Medical Center and Regional Hospital
and Dwight D. Eisenhower Army Medical Center)., Nevertheless, because
i of the importance of this component of benefits, a sensitivity
' analysis was performed by assuming that the actual benefits were only
(1) 75 percent of those estimated by nursing staff, and (2) 50 percent
of those estimated by nursing staff.
As summarized in Table 7, if benefits outside the laboratory are
75 percent of those estimated, the net benefits are reduced to
$167,000 for the eight-year period. If the benefits are assumed to be
50 percent of those estimated, the system costs exceed benefits by
$415,000.
E. GROWTH IN VOLUME OF LABORATORY TESTS

The base~case analysis assumed no major increase in volume of

St ey

TR
-

. tests for the laboratory that would significantly affect system costs
. or benefits. Between 1980 and 1982, annual volume of tests remained
! I relatively stable at NRMC Oakland. In the future, however, it is
possible that test volume will increase, as new tests are developed.

In order to test the impact of such an increase in test volume, it was

Pl
i

assumed that the volume of tests would increase by 7.5 percent per
year after 1983, The major impact of such an increase in volume was

assumed to be on benefits achieved in patient care areas, since such

- Wi W o e
+

factors as number of telephone calls to the laboratory, filing time,

e tng,
B .

etc., would be expected to increase proportionately to number of tests
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ordered. It was assumed conservatively that no further benefits would
be achieved within the laboratory because many of the benefits are due
to reduction of time associated with such tasks as workload and
quality control reports, which might be less dependent on number of
tests,

As indicated in Table 7, the impact of such an increase in test
volume is to increase the net benefits by $630,000 over the eight-year
period. Thus the system is expected to have an even higher benefit
ratio, if test volume were to increase.

F. SUMMARY

The sensitivity analyses indicate that in general changes in
assumptions with regard to inflation rate, discount rate, terminal
configuration and test volume have a favorable impact on net benefits,
increasing benefits over that of the '"base case." Only one
scenario--a decrease in time savings in wards and clinics of 50
percent, with all the other base case assumptions intact--produced

estimates of costs which exceeded benefits.
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