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ecent studies indicate that laboratory monitoring of medica-
tions at initiation of therapy is below the level recommended
by guidelines, with as many as 39% of patients not receiving
recommended testing.! Lack of monitoring is a concern because of po-
tential adverse events (eg, hyperkalemia associated with inhibitors of
angiotensin) and because of failure to achieve therapeutic benefit due
to inadequate blood levels of medication: Additionally, failure to es-
tablish baselinelevels makes it difficult to determine a patient’s trends

in laboratory wvalues.

These_concernis tegarding patient safety and. clinical effectiveness
have led researy,,cl{ers to test methods to enhance \leib:oratory—based medi-
cation monitdfing. Several types of interventions (includingpharmacy-
led efforts; ¢lectronic reminders to clinicians, and automated telephone
call reminders to patients) to improve laboratory monitoring of medica-
tions at therapy initiation have been effective in randomized trials.!?
AlthougB all these intérventions improve monitoring,“\ the most ef-
ficient ir‘}tervention methodsrare not clear, and no ecory‘omic analyses
have been done to inform policy makers in this area. Some efforts may
be particularly resource intensive, but'could be worth the added.expen-
diture when the potential adverse outcome is severe. Without careful
analysis of the balance between costs and benefits, one/cannot determine
which (if any) interventions ought to'be funded by healthcare payers.
The efficiency of alternative approaches to therapeutic monitoring is of
growing importance to healthcare providers as this monitoring is now a
focus of quality measurement.’ To help with decision making regarding
laboratory-monitoring interventions, we.uhdertook a preplanned cost-
effectiveness analysis of a randomized trial that tested several interven-

tions aimed at enhancing laboratory monitoring of medication.’

METHODS
Trial Design

Complete details of the trial design are available elsewhere.? The
study was conducted at a not-for-profit, group-model HMO and was
approved by its institutional review board. All HMO patients who

had not received baseline laboratory

tests (defined as within 6 months be-
In this issue
Take-Away Points / p282
www.ajmc.com
Full text and PDF

fore or 5 days after a newly dispensed
study medication) were randomized

to 1 of 4 conditions: an electronic

Obijective: To test the efficiency and cost-effective-
ness of interventions aimed at enhancing labora-
tory monitoring of medication.

Study Design: Cost-effectiveness analysis.

Methods: Patients of a not-for-profit, group-model
HMO were randomized to 1 of 4 interventions:

an electronic medical record reminder to the clini-
cian, an automated voice message to patients,
pharmacy-led outreach, or usual care. Patients
were followed for 25 days to determine comple-
tion of all recommended baseline laboratory-
monitoring tests. We measured the rate of labora-
tory test completion and the cost-effectiveness of
each intervention. Direct medical care costs to the
HMO (repeated testing, extra visits, and interven-
tion costs) were determined using trial data and

a mix of other data sources.

Results: The average cost of patient contact was
$5.45 in the pharmacy-led intervention, $7 in the
electronic reminder intervention, and $4.64 in

the automated voice message reminder interven-
tion.The electronic medical record intervention
was more costly and less effective than other
methods. The automated voice message interven-
tion had an incremental cost-effectiveness ratio
(ICER) of $47 per additional completed case, and
the pharmacy intervention had an ICER of $64 per
additional completed case.

Conclusions: Using the data available to compare
strategies to enhance baseline monitoring, direct
clinician messaging was not an efficient use of
resources. Depending on a decision maker’s
willingness to pay, automated voice messaging
and pharmacy-led efforts can be efficient choices
to prompt therapeutic baseline monitoring, but
direct clinician messaging is probably a less
efficient use of resources.

(Am J Manag Care. 2009, 15(5):281-289)
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Take-Away Points

Patients of a not-for-profit, group-model HMO were randomized to 1 of 4 interventions: an
electronic medical record reminder to the clinician, an automated voice message to patients,

pharmacy-led outreach, or usual care.

B The electronic medical record intervention was more costly and less effective than other

methods.

B Depending on a decision maker’s willingness to pay, pharmacy-led outreach or automated
voice messages to patients can be cost-effective methods to enhance laboratory monitoring of

medications at initiation of therapy compared with usual care.

medical record reminder to the patient’s primary care pro-
vider (EMR arm), an automated voice message to patients
(AVM), pharmacy team outreach (Pharmacy), or usual care
(UC) (Figure 1). In the EMR intervention, a patient-spe-
cific electronic message was sent to the primary care clini-
cian from the chair of the HMO’s patient safety committee
stating that computer records indicated the patient had re-
ceived a new medication, that laboratory monitoring was
recommended, and the patient had not received the test(s)
between 6 months before and 5 days after the dispensing.
The message referenced internal and external guideline re-

sources, recommended specific tests, and provided a sample

B Figure 1. Intervention Design?

letter the clinician could send to
the patient. The AVM interven-
tion included telephone messages
advising the patient that laboratory
tests were required for a medica-
tion the patient had received; the
patient was advised that the test-
ing had been ordered and could be
completed at any HMO laboratory.
The Pharmacy intervention began with a telephone call
from a nurse in the pharmacy department to the patient to
encourage laboratory testing. If the nurse successfully con-
tacted the patient, a follow-up letter reminded the patient
to obtain the laboratory test(s). If telephone contact was
not successful, the nurse sent a letter suggesting that the pa-
tient go in for testing. If patients had questions or concerns
about their medication during the contacts, a pharmacist
was available for consultation.

Study medications (andlab testsrequired ) were angiotensin-
converting enzyme inhibitors or angiotensin receptor block-
ers (serum creatinine, serum potassium), allopurinol (serum

creatinine),  carbamazepine
(aspartate  aminotransferase

[AST] or alanine aminotrans-

EMR AVM Pharmacy Team ferase [ALT], complete blood
count, serum sodium), diuret-
* * * ics (serum creatinine, serum
Intervention 1, | First EMR First AVM First nurse potassium), metformin (se-
Days 0-1 mes;glg)e to to telephor}e call rum creatinine), phenytoin
atient to patient
P P (AST/ALT, complete blood
. _*_ ... count), pioglitazone (AST/
" Speaks ALT), potassium supplements
\_ topatient . (serum  potassium, serum
/ """ \ creatinine), statins (AST/
ALT), and terbinafine (AST/
Yes No o
ALT, serum creatinine). The
Nurse Nurse primary outcome was labora-
“ThankYou” voice message .
letter and “Unable to tory test comp.letlon, deﬁned
Reach” letter as the proportion of patients
with all recommended base-
Y Y A line laboratory monitoring
No No No No tests completed at 25 days
laboratory laboratory laboratory laboratory after the intervention date.
Intervention 2, | testresults test results test results test results

Days 9-10 In the year before random-
Second EMR Second AVM Second call Second call ization, the laboratory-mon-
message to tg or Ietter- f.rom or letter from itoring rates at the initiation

PCP patient technician nurse
of therapy (those who had

initiated a study medication

AVM indicates automated voice message; EMR, electronic medical record; PCPF, primary care physician;

Pharmacy, pharmacy team outreach.
2Reprinted with permission from Arch Intern Med. 2006;(166):1848-1854.

and had completed all recom-

mended baseline laboratory
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Efficiency of Therapeutic Monitoring

testing) were similar in the study groups (about 60%). Other
characteristics of the study groups also were similar, but the
AVM group had a smaller proportion of female primary care
physicians (24% vs ~40%). A total of 961 patients were in-
cluded in the clinical trial. By day 25 after the intervention,
22.4% (53 of 237 patients) in the UC arm, 48.5% (95 of 196
patients) in the EMR arm, 66.3% (177 of 267 patients) in the
AVM arm, and 82.0% (214 of 261 patients) in the Pharmacy
arm all had completed recommended monitoring (P <.001).
A total of 72 abnormal test results were found among the 961
patients (7.5%).

We followed best practice in economic evaluation as
outlined by the US Public Health Service.* Our economic
analysis examined the incremental cost per additional case
completed (defined as enrollees that had all guideline-spec-
ified laboratory tests completed) and the incremental cost
per abnormal case detected. We calculated the incremental
cost-effectiveness ratio (ICER) by dividing the difference
in cost by the difference in cases completed (or abnormal
cases detected); interventions with lower ICERs are a bet-
ter value for the money. Interventions with a higher ICER
also may be cost-effective, depending on a decision maker’s
willingness to pay for each additional unit of effect. Inter-
ventions were ranked on cost, and dominated options (ie,
more costly but less effective) were identified. To account
for the uncertainty due to sampling variation in cost-ef-
fectiveness analysis, we plotted cost-effectiveness accept-
ability curves’; these curves show the probability of each
intervention being cost-effective at a given willingness to
pay for an additional completed case (or abnormal case de-
tected). All analyses were conducted using STATA release
9.0 (StataCorp, College Station, TX) and Microsoft Excel
2003 (Microsoft, Redmond, WA).

Most of the cost data were collected directly from the trial,
with some expert opinion based on formal data-gathering
techniques as described below. The perspective of the anal-
ysis was the HMO. Thus, we included only direct medical
care costs incurred by the HMO. The scope of the analysis
included the costs within the 25 days after the intervention
of (1) all recommended laboratory tests (including repeated
testing), (2) extra visits associated with abnormal tests (vali-
dated from pharmacist chart review), and (3) performing the
intervention. The analysis does not include potential offsets
of poor outcomes averted (eg, lactic acidosis, liver toxicity)
because those data were too sparse to answer those questions
effectively. Also excluded from the analysis were development
costs and patient costs, like travel time and copayments. To
maintain consistency with the efficacy analysis, the primary
outcome was the cost per completed case within 25 days of
dispensing, with a secondary analysis of the cost per addition-

al enrollee with 1 or more abnormal laboratory tests within 25

days of dispensing.

Costs

Table 1 details the unit costs (ie, prices), activities, data
sources, and resource assumptions used in the analysis. To im-
prove generalizability to other systems, salary costs were taken
from sources reflecting the prevailing wage rate in Portland,
Oregon, with a fringe benefit rate of 30% and overhead rate of
20% added to fully allocate the costs. Laboratory testing costs
come from the HMO’s laboratory accounting system and in-
clude patient intake, phlebotomy, testing, and reporting. Mail-
ing costs were applied based on estimates for bulk mailing, and
costs for clinic visits came from the HMO’s cost structure.

Resources used in the performance of all the interventions
included chart review to ensure patient eligibility, tracking sys-
tems for patient follow-up, and noting the intervention deliv-
ery in the patient’s medical record. Additional tasks were study
arm specific. In the Pharmacy arm they included time for mail-
ings and outreach phone calls and their documentation. The
AVM intervention required time to upload files. The cost of
maintaining the automated telephone system was embedded in
the vendor charge to the HMO. The EMR intervention costs
included nurse time to send the message and clinician follow-
up activities. Because existing EMR functionality was used to
provide the EMR messages, no incremental programming re-
sources were necessary to provide the intervention. The time
(in minutes) taken to complete these tasks was recorded for
a sample of patients in the Pharmacy, AVM, and EMR arms.
To establish patient-level resource use, each patient in the ap-
propriate arm was assigned an imputed value randomly from
the sample, preserving the sample’s underlying (observed) dis-
tribution. Analyst time to create and maintain the patient lists
from automated data were taken from the trial.

In the base-case analysis, formal interviews were under-
taken with 13 HMO clinicians to estimate time (in minutes)
for all aspects of responding to the EMR message: reading the
message, ordering tests, and review and follow-up (for nor-
mal and abnormal results separately) on laboratory results.
We then imputed patient-level resource use for these items
by randomly selecting from a triangular distribution, using
the expert’s estimates of the mode and range. Because they
came from expert opinion, we undertook sensitivity analyses
by assigning the low estimates and, separately, the high es-
timates of time required for ordering, review, and follow-up
on normal and abnormal test results. Additionally, because of
uncertainty regarding the frequency and type of contact for
patients in the EMR arm (eg, telephone, letter, during visits),
we undertook a sensitivity analysis that reduced the cost of

contact in that arm.
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M Table 1. Time and Cost Sources

Arm Included (x = yes)

Resource Use AVM Pharmacy EMR UC Data Source Unit Cost??-¢ Comments
Patient identification X X X Clinical trial $0.96/min Analyst time (40 h/y) to
write and maintain pro-
gram to identify patients.
Chart review, tracking, chart note X X Clinical trial $0.72/min RN Time for chart review to
sample establish patient eligibility,
make appropriate note
in medical record, track
patient, and follow-up as
appropriate per arm
Range: 4-7 min
Mode: 4 min
PCP/staff contact patient about X Expert $1.25/min Range: 1-6 min
getting test opinion Mode: 2.2 min
Pharmacy arm chart review, track- X Clinical trial $0.72/min RN; Effort not recorded sepa-
ing, chart note, and patient contact sample 0.36/min rately for these items
about getting test technician Range: 1-44 min
Mode: 8 min
Automated phone message X Clinical trial $0.50 per call Estimated cost from in-
service cost house vendor of phone
messaging services
Laboratory testing X X X X Laboratory Potassium, Included laboratory intake,
charge creatinine, phlebotomy, test
ALT/AST, performance, and report
sodium = $16;
CBC = $25
PCP result review and follow-up X X X X Expert $1.25/min Included clinician time to
of normal laboratory test opinion review and follow-up on
normal values
Range: 1-6 min
Mode: 3.2 min
PCP result review and follow-up X X X X Expert $1.25/min Included clinician time to
of abnormal laboratory test opinion review and follow-up on
abnormal values
Range: 3-10 min
Mode: 5.4 min
Follow-up visit for abnormal test X X X X Chart review  $50 per visit Cost added for a patient
only if chart review indi-
cated a visit
Letter X X X Service cost  $0.14 per Included per patient as ap-
(one for each  patient propriate in arm of study
patient)

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; AVM, automated voice message; CBC, complete blood count; EMR, electronic
medical record; PCR primary care physician; Pharmacy, pharmacy team outreach; RN, registered nurse; UC, usual care.
aTime (resource quantity) for each item based on expert opinion was performed by random assignment from a triangular distribution, with mode and

range from expert opinion. Expert opinion was based on interviews with 13 clinicians (see Costs in the Methods section).

bImputation from clinical trial samples was performed by randomly selecting a value for each patient from the sample. This was done to approximate the

underlying distribution.

®Clinician cost ($1.25/min) was based on the observed mix of physicians to physician extenders (ie, nurse practitioners and physician assistants) in the
HMO. An assumed 2:1 mix of clinician to medical-assistant workload was used.

RESULTS

Table 2 presents the resources used per patient by arm

(ie, unit costs from Table 1 multiplied by actual units of use).

The increase in laboratory testing associated with each of

the interventions is evident from changes in the average cost

of testing ($18.65 for UC, vs $26.69, $32.44, and $40.93
for EMR, AVM, and Pharmacy, respectively); the cost for
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M Table 2. Per Patient Use of Resources by Category for Each Arm
Mean

Cost Category (95% ClI) AVM Pharmacy EMR uc

Patient identification
0.96
$0.79

0.96
$0.79

0.96 0
$0.79 $0

Time, min
Cost

Pharmacy group chart

review, patient contact,

notification tracking, chart

note

8.98 (8.06, 9.89)

$5.45 ($4.86, $6.04)

Time, min
Cost

AVM and EMR group chart
review, notification track-
ing, chart note

4.94 (4.82, 5.05)
$3.55 ($3.47, $3.63)

4.41 (4.34, 4.48)
$3.18 ($3.13, $3.33)

Time, min
Cost
AVM arm telephone call
2.18(2.01, 2.35)
$1.09 ($1.01, $1.17)

Mean number of calls
Cost

EMR arm PCP/staff contact
patient about getting test

3.00 (2.84, 3.14)
$3.77 ($2.01, $6.25)

Time, min
Cost

Laboratory testing
Mean number of tests
Cost

PCP result review and
follow-up of normal
laboratory test

1.94 (1.71, 2.18)
$32.44 ($28.42, $36.48)

2.48(2.24,2.72) 1.6 (1.29, 1.92)
$40.93 ($36.88, $44.98) $26.69 ($21.66, $32.11)

1.08 (0.76, 1.40)
$18.65 ($13.07, $24.23)

Time, min
Cost

2.63(2.24, 2.82)
$3.19 ($2.82, $3.56)

3.156 (2.89, 3.42)
$3.97 ($3.64, $4.32)

1.72 (1.40, 2.05)
$2.17 ($1.76, $2.58)

1.21 (0.90, 1.52)
$1.52 ($1.13, $1.91)

PCP result review and
follow-up of abnormal
laboratory test

0.32 (0.15, 0.48)
$0.39 ($0.19, $0.60)

0.27 (0.10, 0.43)
$0.33 ($0.12, $0.55)

0.31(0.12, 0.51)
$0.39 ($0.15, $0.64)

0.09 (0, 0.18)
$0.12 ($0, $0.23)

Time, min
Cost

Follow-up visit for
abnormal test

Mean number of visits 0 0
Cost $0 $0

Letter to patient
Cost

$0.14 $0.14

0.01 (0, 0.02)
$0.51 (30, $1.23)

$0.14

0.01 (0, 0.03)
$0.63 (30, $1.56)

$0

AVM indicates automated voice message; Cl, confidence interval; EMR, electronic medical record; PCP, primary care physician; Pharmacy, pharmacy
team outreach; UC, usual care.

AVM arm cost for patient contact came to $4.64 ($3.55 +
$1.09).

Table 3 shows that enhanced effectiveness comes with

review and follow-up of both normal and abnormal test re-
sults followed a similar pattern. The average cost of patient
contact (including chart review, notification tracking, and
charting) was $5.45 in the Pharmacy arm. The EMR arm
used about $7 ($3.18 + $3.77) for patient contact, while the

increases in total cost. Pharmacy, the intervention with the

greatest proportion of completed cases at 82 per 100 patients,
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H Table 3. Costs and Cases With All Recommended Baseline Laboratory Tests Completed by Arm per 100 Patients

Probability of
Cost-Effectiveness for Maximum

Total Incremental Willingness-to-Pay Level?
Cases Incremental Cases
Intervention Total Cost Completed Cost Completed ICER $40 $60 $80
uc $2092 22 — — — 0.84 0.01 0.00
EMR $3748 48 — — Dominated 0.02 0.00 0.00
AVM $4159 66 $2067 44 $47 0.14 0.59 0.16
Pharmacy $5160 82 $1001 16 $64 0.00 0.39 0.84

AVM indicates automated voice message; EMR, electronic medical record; ICER, incremental cost-effectiveness ratio; Pharmacy, pharmacy team

outreach; UC, usual care.

2The probability that each intervention was more cost-effective than the others was conditional on different maximum willingness-to-pay levels for

an additional unit of outcome.

is also the most expensive at $5160 per 100 patients, whereas
the AVM arm yielded 66 completed cases per 100 patients
at a cost of $4159. The EMR arm was “dominated,” because
using a mix of UC (eg, for 40% of patients) and AVM (eg,
for 60% of patients) would be both less expensive and more
effective; the EMR strategy is therefore a suboptimal choice.
The AVM intervention had an ICER of $47 per additional
completed case; the Pharmacy arm had an ICER of $64 per
additional completed case. At a lower level of willingness to
pay for an additional completed case (eg, $40), UC was the
intervention with the highest probability of being cost-effec-
tive; as willingness to pay increased, however, other interven-
tions became more likely to be cost-effective.

Table 4 shows an examination of the cost-effectiveness
of finding abnormal cases. There was a similar pattern of
increasing effectiveness at higher cost, and the EMR inter-
vention method was again dominated. As with completed
cases, at a lower level of willingness to pay for finding an
abnormal case (eg, $400), UC had the highest probability
of being cost-effective, but above $600 AVM and Pharmacy
became more likely to be cost-effective. The sensitivity anal-

ysis based on low and high estimates of time used in order-
ing, reviewing, and follow-up of normal and abnormal tests
showed no difference in ICER ranking and nearly identical
results overall (eg, ICERs of $44 and $50 for the AVM arm
vs $47 for the base-case analysis). The sensitivity analysis
on the cost of contact for patients in the EMR arm revealed
that, even if the cost of patient contact was reduced to zero
(eg, the marginal cost might be close to zero if all contact
took place during visits), the EMR arm would never be the
optimal strategy.

Figure 2 shows the cost-effectiveness acceptability
curves. For example, at a willingness-to-pay level for a com-
pleted case between $47 and $64, AVM had the highest
probability of being cost-effective, but the Pharmacy inter-
vention had the highest probability of being cost-effective
at greater levels. There is considerable uncertainty in the
estimates of cost-effectiveness, particularly for abnormal
case detection. For example, at levels of $800 and higher
AVM had a probability of being cost-effective of about
0.32, while Pharmacy was cost-effective with a probability
of about 0.50.

H Table 4. Costs and Cases With Abnormal Laboratory Values (on Recommended Tests) Detected by Arm per 100

Patients
Probability of
Total Cost-Effectiveness for Maximum
Abnormal Incremental Willingness-to-Pay Level®

Cases Incremental Abnormal
Intervention  Total Cost Detected Cost Cases ICER $400 $600 $800
uc $2092 2.95 — — — 0.62 0.22 0.07
EMR $3748 5.10 — — Dominated 0.09 0.13 0.12
AVM $4159 6.74 $2067 3.79 $546 0.18 0.30 0.32
Pharmacy $5160 8.43 $1001 1.69 $593 0.11 0.35 0.50

AVM indicates automated voice message; EMR, electronic medical record; ICER, incremental cost-effectiveness ratio; Pharmacy, pharmacy team

outreach; UC, usual care.

2The probability that each intervention was more cost-effective than the others was conditional on different maximum willingness-to-pay levels for

an additional unit of outcome.
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B Figure 2. Cost-Effectiveness Acceptability Curves
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AVM indicates automated voice message; EMR, electronic medical record; Pharmacy, pharmacy team outreach; UC, usual care.

DISCUSSION

We found that direct-to-clinician messaging (EMR) to
prompt therapeutic baseline monitoring is probably not an
efficient use of resources. But our analysis indicates that
depending on a decision maker’s willingness to pay for a
completed case, both AVM and Pharmacy can be efficient
choices. Deciding which choice is optimal requires addition-
al information about the harms prevented from completing
baseline monitoring; our analysis did not include these costs
because of limitations in study budget and design. Howev-
er, it is worth noting that compared with the ICER for the
AVM arm, the ICER for the Pharmacy arm was almost 40%
greater for the “cases completed” analysis, but was less than
10% greater for the “abnormal cases detected” analysis, sug-
gesting that the relative efficiency of the Pharmacy inter-
vention may increase when considering harms.

As noted, our findings are most useful for an efficiency

comparison between the alternative methods in the analy-

sis. The findings give less guidance to help with the decision
about what (if any) program should be adopted; a cost-benefit
or cost-utility analysis would be needed to answer that ques-
tion. But an informal analysis can be made using the data in
Table 3 and making assumptions about the cost and prob-
ability of events that might be avoided by a monitoring pro-
gram. For example, if one assumes that the cost of an event
avoided would be $10,000 (ie, short inpatient stay) and the
probability of the event for those with an abnormal test is
5%, the willingness-to-pay amount to avoid the event would
be at least $500 (ie, $10,000 x 5%); this example does not
incorporate potential losses in health-related quality of life.
Empirical work on the probability of abnormal tests leading
to adverse events, the cost of those events, and the health
benefits gained is necessary to further inform decision mak-
ers’ choices in this area. Reports of simulation modeling on
the economics of preventing medication errors using infor-
mation technology and pharmacy personnel indicate that
health-related quality-of-life benefits (from avoiding medica-

VOL. 15, NO. 5

m THE AMERICAN JOURNAL OF MANAGED CARE =

287



CLINICAL

tion errors) are a critical parameter; their inclusion reversed
the estimates from negative to positive net benefits.

Our intervention did not differentiate patients with re-
gard to potential for poor outcomes; rather it was applied to
all patients with a missing laboratory test at baseline. An-
other approach would be to administer the intervention to
patients who are predicted to be at particularly high risk of
poor outcomes. By targeting high-risk patients, the propor-
tion of patients with a greater likelihood of adverse events
(given an abnormal test) would increase. Such an approach
might increase the efficiency of the strategies but would re-
quire identification of those patients, perhaps by using a risk
score approach.’

The clinical trial on which we based our economic analysis
showed that each of the 3 interventions was superior to UC
in improving monitoring at 25 days; patients in the EMR arm
were 2.5 times more likely to have recommended monitoring.?
But when we included costs (ie, increase in clinician time as-
sociated with contacting the patient and follow-up), the EMR
arm was shown to be relatively inefficient. Off-loading these
tasks to others enhances the overall effects and lowers costs.
We included the effort required by clinicians to review labo-
ratory test results in our cost estimates. Another approach
would have been to assume that clinicians can absorb the cost
of reviewing the extra tests into their slack time. But as sug-
gested by best practice guidelines in economic evaluation,* we
estimated the “opportunity cost” of providing the interven-
tions. The concept of opportunity cost requires measurement
of all resources necessary to produce an intervention, even if
those resources may be viewed as free (eg, the effort required
to review laboratory tests); this concept recognizes that doing
one thing means that another thing cannot be done (because
that opportunity is lost).

We found relatively high levels of certainty associated
with willingness to pay for an additional completed case. At
a willingness-to-pay level of less than $40 the probability
of UC being the most cost-effective was about 0.9, and at a
willingness-to-pay level greater than about $85, the Pharmacy
intervention was the most cost-effective with a probability of
0.9. With intermediate levels of willingness to pay for a com-
pleted case (ie, $50-$65) AVM was the most cost-effective,
but with less certainty (probability about 0.6). On the other
hand, we found considerable uncertainty with the abnormal
case detection analysis. No single intervention showed cost-
effectiveness with probability greater than 0.5 at a willingness
to pay between $450 and $850. The uncertainty estimates are
loosely analogous to a wide confidence interval (see van Hout
et al’ for further details) and point out the lack of precision
in our estimates. More precise estimates require further data

collection.® Our results were not sensitive to the estimates of

time required to order, review, and follow-up on tests, suggest-
ing that additional data collection should focus on other areas
like estimating the potential cost-offsets from avoiding poor
outcomes.

Some items we included in the performance of these inter-
ventions, for example, the individual chart review of each pa-
tient prior to intervention to ensure eligibility (ie, we did not
rely entirely on electronic data), may not have been strictly
necessary. Excluding these potentially protocol-driven costs
may change the relative cost-effectiveness of the interven-
tions. We felt that this was an important feature to include,
however, because the effectiveness of the intervention was
based on that level of rigor, and because the HMO would like-
ly not be willing to implement any of the programs without
that double-check. Additionally, we included patient contact
costs in the EMR arm for all patients, but this may have over-
counted costs in that arm to the extent that the rate of con-
tact was lower. But our sensitivity analysis on that variable
indicated that even if the contact costs were reduced to zero
the EMR arm would never have been the optimal strategy.

The clinical trial allowed us to evaluate strategies that
would off-load clinicians’ work (ie, AVM and Pharmacy arms)
as compared with more intrusive strategies (the EMR arm).
Because we did not set out to balance resources available in
the intervention arms, we cannot determine whether the
effect and cost difference we observed was solely based on
the intervention delivery mechanism, the intensity of the
intervention, or other factors. Also, although a laboratory-
monitoring protocol was available and communicated to
all clinical staff, clinicians in the EMR arm may have been
more likely to exercise clinical judgment on a case-by-case
basis and thus not intervene for every patient. Our analysis
assumes that all patients who received interventions were at
the same risk of poor outcomes. Because we did not measure
outcomes in our analysis, to the extent that the clinical judg-
ment exercised by EMR clinicians improved the likelihood
of interventions for high-risk patients (thus improving their
group’s potential to benefit), our analysis underestimated the
true effect in the EMR arm.

Our study has limitations. The clinical trial on which it
was based was undertaken in a single HMO, so the effect of
the interventions (especially EMR) may not be completely
generalizable to other practice settings. Additionally, the
parent study was not designed to determine whether the in-
terventions led to improved detection of abnormal baseline
laboratory test results or significant changes in patient care
and outcomes. Our findings in this cost-effectiveness analysis
help to put the clinical trial results in a decision-making con-
text. We think a hybrid approach to the intervention may be
a particularly useful approach. For example, one that includes
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AVM followed by Pharmacy outreach for nonresponders may
prove to be efficient.

The efficient use of health information technology is of
great interest to clinicians and healthcare payers, and our study
is one of the first to estimate the relative cost-effectiveness of
these technologies. Using automated telephone technology
has been shown to have promise in many clinical areas, for
example post-inpatient discharge,” enhancing immunization
rates in children,'® and asthma care,'! but the cost-effective-
ness of these systems is less clear. The use of automated medical
records has been the subject of several systematic reviews.!>!
Like automated telephone technology, the EMR systems have
promise, but the economic benefits are less certain. Our study
shows that providing clinical decision support directly to cli-
nicians using EMR technology is more costly and less effec-
tive than automated telephone calls for increasing laboratory
monitoring. This finding is particularly of interest given (1)
that we did not include costs for programming of EMR mes-
sages because existing EMR functionality was used and (2) the
“sunk cost” of the EMR was not included in our analysis be-
cause from the HMO’s perspective the EMR technology was
already owned. But it should be noted that the costs of chart
review and tracking activities would likely have been substan-
tially higher in a health system that lacked an EMR. Our study
may serve as a cautionary example of when EMR-based inter-

vention methods are not the most efficient choice.

CONCLUSION

Depending on one’s willingness to pay, both AVM and a
pharmacy-led intervention may be efficient methods to en-
hance the level of laboratory monitoring of medications at
initiation. Our analysis gives guidance, but further empirical
work to estimate the cost and probability of adverse events
associated with abnormal laboratory tests is important to fur-
ther inform funding decisions.
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