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Cost-Effectiveness of Preoperative Nasal Mupirocin Treatment in
Preventing Surgical Site Infection in Patients Undergoing Total
Hip and Knee Arthroplasty: A Cost-Effectiveness Analysis

Xan FE. Courville, MD, MS;"* Ivan M. Tomek, MD, FRCS(C);' Kathryn B. Kirkland, MD;** Marian Birhle, MPH;*
Stephen R. Kantor, MD;' Samuel R. G. Finlayson, MD, MPH**

OBJECTIVE.

(TJA).

DESIGN. Simple decision tree model.
SETTING. Outpatient TJA clinical setting.
PARTICIPANTS. Hypothetical cohort of patients with TJA.

INTERVENTIONS.

To perform a cost-effectiveness analysis to evaluate preoperative use of mupirocin in patients with total joint arthroplasty

A simple decision tree model compared 3 strategies in a hypothetical cohort of patients with TJA: (1) obtaining

preoperative screening cultures for all patients, followed by administration of mupirocin to patients with cultures positive for Staphylococcus
aureus; (2) providing empirical preoperative treatment with mupirocin for all patients without screening; and (3) providing no preoperative
treatment or screening. We assessed the costs and benefits over a 1-year period. Data inputs were obtained from a literature review and
from our institution’s internal data. Utilities were measured in quality-adjusted life-years, and costs were measured in 2005 US dollars.

MAIN OUTCOME MEASURE. Incremental cost-effectiveness ratio.

RESULTS. The treat-all and screen-and-treat strategies both had lower costs and greater benefits, compared with the no-treatment strategy.
Sensitivity analysis revealed that this result is stable even if the cost of mupirocin was over $100 and the cost of SSI ranged between $26,000
and $250,000. Treating all patients remains the best strategy when the prevalence of S. aureus carriers and surgical site infection is varied
across plausible values as well as when the prevalence of mupirocin-resistant strains is high.

CONCLUSIONS. Empirical treatment with mupirocin ointment or use of a screen-and-treat strategy before TJA is performed is a simple,
safe, and cost-effective intervention that can reduce the risk of SSIL. S. aureus decolonization with nasal mupirocin for patients undergoing

TJA should be considered.

LEVEL OF EVIDENCE. Level II, economic and decision analysis.
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Surgical site infections (SSIs) are a significant source of pa-
tient morbidity and societal expense. Deep SSI after primary
total hip or knee arthroplasty complicates 0.5%-2.0% of
cases.'® Typically, treatment of deep total joint arthroplasty
(TJA) SSI involves a 2-stage revision surgery. In the first stage,
all infected implants are removed, an antibiotic-loaded ce-
ment spacer is placed, and 68 weeks of intravenous antibiotic
therapy are administered. The hip or knee components are
reimplanted in a second operation if joint aspirations and
inflammatory markers suggest that the infection has been
eradicated. It is estimated that the direct medical costs of TJA
revisions for deep infections are approximately $100,000 per

patient, or 3—4 times more than the cost of primary TJA.”
Patients lose functional capabilities and work productivity
during months of antibiotic therapy and rehabilitation. Fur-
thermore, even after successful treatment of an SSI, the clin-
ical results are inferior to those achieved with primary TJA
that is not complicated by infection.'

Strategies to reduce the risk of SSI after TJA include ad-
ministration of perioperative intravenous antibiotics, surgical
site preparation, sterile technique, regulating operating room
airflow and traffic,’® and use of antibiotic-impregnated bone
cement." More than half of TJA SSIs are caused by Staph-
ylococcus aureus,'>" an organism carried in the anterior nares
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FIGURE 1.

Simple decision model for patients undergoing total joint arthroplasty (TJA) to have no treatment, be treated preoperatively

with mupirocin, or be screened and then, if Staphylococcus aureus carriage is detected, treated with mupirocin. SSI, surgical site infection.

of 20%-30% of patients who undergo TJA."*' In a large
study, 84.6% of S. aureus infections were caused by bacterial
strains of S. aureus identical to those found in the patient’s
nares,"” which suggests that most SSIs after TJA are caused
not by hospital-acquired pathogens but by patients’ endog-
enous flora. Therefore, decolonization strategies have been
studied,'>"***" including mupirocin calcium ointment. This
agent inhibits bacterial protein and RNA synthesis and is
active against methicillin-resistant S. aureus (MRSA) and
methicillin-susceptible S. aureus (MSSA) as well as other
gram-positive and some gram-negative bacteria. The oint-
ment is applied intranasally twice daily for 5 days and is
associated with an S. aureus eradication rate of 83% over the
short term."” The treatment reduces SSI rates associated with
nonorthopedic and orthopedic procedures,” including
among patients who undergo TJA.?* The adverse effects of
mupirocin are generally limited to local irritation, and most
patients tolerate the therapy with ease.**?

We assessed the cost-effectiveness of 3 preoperative strat-
egies for treating S. aureus colonization in patients under-
going TJA to prevent deep SSI using a cost-effectiveness de-
cision model. Our goal was to compare the following
strategies: (1) preoperative nasal screening of all patients for
S. aureus colonization, followed by mupirocin treatment only
for patients with positive cultures; (2) empirical treatment of
all preoperative patients with mupirocin, with no S. aureus
screening; and (3) standard infection prevention measures
without S. aureus screening or mupirocin decolonization.

The question of whether mupirocin is a cost-effective al-
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ternative to no therapy is an ideal question for a decision
analysis, because there is uncertainty regarding the efficacy
of mupirocin as a result of emerging mupirocin resistance,
which can be evaluated in the sensitivity analysis.

METHODS
Patient Population

Two decision models were created that were based upon hy-
pothetical cohorts of 65-year-old patients with end-stage hip
or knee osteoarthritis for whom medical management had
failed and TJA had been recommended. The cohort age was
chosen to coincide with the mean age of patients undergoing
TJA from a large multihospital database.”* Separate models
for patients undergoing total hip arthroplasty (THA) and total
knee arthroplasty (TKA) were run, although demographic
data and infection rates in large registries are similar between
the 2 populations."® The analysis was performed from a so-
cietal perspective but was limited to costs and health effects
directly affecting the target population (eg, it did not include
caregiver time or future health problems).

Model Design

The model depicting the risks of revision surgery for deep
SSI within 1 year of the primary operation is shown in Figure
1. The model begins with the decision in the target population
of 65-year-old patients to use one of the following strategies:
(1) preoperative nasal screening of all patients for S. aureus
colonization, followed by administration of mupirocin treat-
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ment to patients with positive culture results (the screen-and-
treat strategy); (2) preoperative mupirocin administration to
all patients and no screening (the treat-all strategy); and (3)
no administration of mupirocin and no screening for S. au-
reus (the no-treatment strategy).

The decision analysis systematically assigns probabilities
and values to each alternative. These values are based on a
reasonable range of evidence-based data gathered from the
literature. The potential pathways are reflected in the branches
of the tree. Utilities were measured in quality-adjusted life-
years (QALYs), and costs were measured in 2005 US dollars.
The model was constructed with the use of decision analysis
software (TreeAge Pro 2009; TreeAge Software).

Model Parameters

The following assumptions were made in construction of the
model: (1) deep SSI as defined by the Centers of Disease
Control and Prevention® will be recognized within 1 year
after surgery; (2) patients who need a revision TJA for a deep
SSI will undergo a 2-stage revision operation within the year
after the procedure; (3) the adverse effects from receipt of
mupirocin are negligible, and most patients complete the
course of therapy. The specific values used in the decision
model are shown in Table 1 and are described below.

The 7 studies on preventing S. aureus SSI with mupirocin
therapy in patients undergoing orthopedic procedures were
reviewed to estimate the therapy’s effectiveness. The literature
consists of a small number of clinical series with 172-12,000
patients who underwent a variety of orthopedic procedures
with prosthetic implants.’>'*'®'*?"? In the only systematic
review, Kallen et al** performed a subgroup analysis on 2
orthopedic studies that included 1 randomized controlled
trial (RCT) with an evidence level of I.'*'® Pooling these stud-
ies, they found a relative risk (RR) of 0.61 for SSI among S.
aureus carriers who were treated with mupirocin, compared
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with untreated patients.”” Since this review was published, 5
additional primary studies (with evidence levels ranging from
I through III) that have included orthopedic patients have
been published. These 5 studies estimated RRs for S. aureus
SSI of 0.10-0.49 for patients decolonized with mupiro-
cin.'»1#1%2%22 Bor the sensitivity analysis, a broad range of
0.1-0.9 was used to account for the possibility that these
studies underestimated the risk reduction. In a larger study,
the authors estimated the probability of S. aureus SSI in S.
aureus carriers who were treated with mupirocin to be 1.3%,
compared with 0.58% among noncarriers who were un-
treated.” We used these probabilities for one branch in the
model, because this was the only study to report rates of S.
aureus SSI stratified by colonization and treatment status.

We used the S. aureus colonization rate from our local
population of patients with TJA for the base case. From Jan-
uary 2007 through June 2008, 153 (26%) of 587 screened
patients who underwent TJA were colonized with S. aureus,
including 12 patients with MRSA, which is consistent with
reported colonization rates among populations of patients
undergoing orthopedic procedures (24%—30%).''** For the
sensitivity analysis, this range was expanded to 1%-70%.

We used the least expensive screening test for S. aureus in
our model, a nasal swab sample culture incubated on selective
media. The nasal swab sample incubation period is 24-48
hours, and carriers can then be treated with mupirocin. The
test for S. aureus has a sensitivity and specificity of 85% and
52%, respectively.”®

Utilities were based on quality of well-being index scores
reported in the literature. All health states were assigned utility
factors along a continuum, with 0.0 representing death and
1.0 representing perfect health.”” From a longitudinal cohort
study involving 1,356 patients, a quality of well-being index
score of 0.65 was established for 75-84-year-old patients with
arthritis,” and a score of 0.71 was established for 75-84-year-

TABLE 1. Model Variables for the Base Case Analysis

Variable Base case value  Range reported in the literature Reference(s)
SSI risk reduction from mupirocin 0.61 0.1-0.64 12-14, 18-22
Probability of SSI among mupirocin-treated carriers, % 1.3 14
Probability of SSI among untreated noncarriers, % 0.58 14
Probability of carrying Staphylococcus aureus, % 26 24-30 12-14, 22, this study
Test sensitivity, % 52 50-54 26

Test specificity, % 85 80-100 26
Utility after primary TKA 0.68 27, 28
Utility after septic knee revision 0.53 28
Utility after primary THA 0.80 11
Utility after septic hip revision 0.64 29

Cost of primary TJA* 23,508 30

Cost of septic hip revision® 104,398 7, 30
Cost of septic knee revision® 117,441 9

Cost of mupirocin treatment* 6.23 6-58 31, this study
Cost of S. aureus screening test* 96.00 24-96 31, this study

NOTE.
* Cost is given in 2005 US dollars.
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THA, total hip arthroplasty; TJA, total joint arthroplasty; TKA, total knee arthroplasty; SSI, surgical site infection.
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TABLE 2. Results of the Analysis for the Base Case of Total Hip Arthroplasty (THA) and Total Knee Arthroplasty (TKA)
Average cost,
Variable 2005 US$ Average QALY Average cost-effectiveness, $ per QALY
THA base case
Treat all patients 24,258 0.7985 $24,258 + 0.7985 QALY = $30,379 per QALY
Screen and treat S. aureus—positive
patients with mupirocin 24,471 0.7983 $24,471 + 0.7983 QALY = $30,655 per QALY
No treatment 24,506 0.7980 $24,506 + 0.7980 QALY = $30,709 per QALY
TKA base case
Treat-all patients 24,378 0.6787 $24,378 + 0.6787 QALY = $35,916 per QALY
Screen and treat S. aureus—positive
patients with mupirocin 24,611 0.6785 $24,611 + 0.6785 QALY = $36,270 per QALY
No treatment 24,667 0.6783 $24,667 + 0.6783 QALY = $36,365 per QALY

Note. QALY, quality-adjusted life-year.

old patients without arthritis. ¥ Consistent with another cost-
effectiveness analysis,”*® we estimated a utility of 0.68 after
TKA, and we estimated that a septic revision would have 80%
of the utility of a TKA.”® For THA, a time-trade-off technique
has determined a utility value of 0.80.” After a revision for
infection, a conservative 20% decrease in utility was assigned
(80% of 0.80 is 0.64).” Ranges from 0.1 through 0.9 were
tested in sensitivity analyses.

The costs of TJA and revision operations were estimated
in 2005 US dollars from the orthopedic literature’ and ac-
counted for the costs associated with the procedure and acute
hospitalization. Costs for caregivers’ time and lost wages were
not included. A primary TJA in our model was assigned a
cost of $23,508, and a revision infected THA was assigned a
cost of $104,398 (converted from 2002 to 2005 US dollars
from the Bureau of Labor Statistics). The cost estimates, cal-
culated in 2005 dollars, were from Bozic et al™*® and were
based on the assumption that most patients will be treated
with a 2-stage revision and 6-8 weeks of intravenous anti-
biotics. The charges for TKA revisions attributable to in-
fection were also estimated from the literature at $117,441.°
For sensitivity analyses, we used the cost ranges of
$10,000~$100,000 for primary TJA and $20,000-$250,000 for
revision surgery, which are within plausible ranges.

We used the costs at our medical center of the bacterial
culture ($96) and a 5-day course of mupirocin ointment
($6.23) for the base case. The bacterial culture costs include
the test and supplies, 30 minutes of nursing time for teaching
and checking the test results, and 11 minutes of laboratory
technician time. For sensitivity analyses, we used a range of
published cost estimates for the culture ($10-$200)," which
would include the costs of polymerase chain reaction and the
mupirocin ointment ($5-$100).

Analysis

We used a decision analysis model with a hypothetical cohort
to evaluate the cost-effectiveness of mupirocin to prevent
deep SSI after TJA. Our model reflects a 1-year time frame.
Incremental cost-effectiveness ratios (ICERs) were calculated
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by dividing the difference in cost between 2 strategies by the
difference in effectiveness and were reported in dollars per
QALY. An ICER expresses how much money must be spent
to gain 1 QALY using a proposed treatment strategy, com-
pared with an established treatment strategy. When a treat-
ment strategy provides benefit and no additional cost, the
proposed treatment strategy is reported as “dominant” and
no ICER is calculated. Using the Panel on Cost-effectiveness
in Health and Medicine Recommendations, medical inter-
ventions with an ICER less than $50,000 per QALY are
considered to be cost-effective, and this value was used in
threshold analysis.”” In contrast to ICER, “average cost-
effectiveness” is the total cost of a proposed treatment strategy
per QALY without reference to any other treatment strategy.
Average cost-effectiveness is useful for comparing the relative
costs of alternative treatment strategies per unit benefit, but
when reported alone (without reference to an established
alternative), it does not allow one to determine whether the
additional benefit of a treatment is worth the cost.

Sensitivity analyses were performed on all variables in the
model to determine the effect of a wide range of values on
the cost-effectiveness ratio. Ranges for the model were based
upon reported ranges from the literature if possible (Table
1). If no ranges were found in the literature, plausible ranges
were established by expert opinion. Any variable that had a
significant effect on the results of the model and the potential
to alter the preferred strategy is reported.

RESULTS

Empirical treatment of all patients without screening for nasal
S. aureus carriage was the dominant strategy and was asso-
ciated with lower costs and greater expected benefit than the
2 other strategies in both the THA and TKA models. However,
differences in cost and benefit between the 3 strategies were
relatively small. In the THA model, the average cost-
effectiveness was $30,380 per QALY for the treat-all strategy,
$30,660 per QALY for the screen-and-treat strategy, and
$30,710 per QALY for the no-treatment strategy (Table 2).
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TABLE 3. Sensitivity Analyses Demonstrating the Range Applied to Each Sensitivity Analyses and the Average Cost-Effec-
tiveness for the Most Cost-Effective Strategy in Both the Total Hip Arthroplasty (THA) and Total Knee Arthroplasty (TKA)

Most cost-effective  THA model average cost- TKA model average cost-

effectiveness, $ per QALY effectiveness, $ per QALY

Models
Variable, range for sensitivity analysis strategy
Cost of mupirocin

$5-$100 Treat all®
Cost of test

$10-$200 Treat all*
Cost of TJA surgery

$10,000-$39,250 Treat all®

$39,500-$100,000 Treat all®
Cost of septic revision surgery

<$26,000 No treatment

$26,000-$250,000 Treat all*
Prevalence of S. aureus in target population

0.1%-70% Treat all®
Relative risk of SSI with treatment

compared with no treatment

0.1-0.98 Treat all*

>0.99 No treatment®
Utility of TJA

0.1-0.48 Treat all*

0.49-0.9 Treat all*
Utility of SSI after TJA

0.1-0.9 Treat all®

30,377-30,496
30,379

13,619-49,912
52,704-125,000

29,371-29,482
29,471-32,058

30,027-31,000
29,938--30,700
30,709

50,000-240,000
27,000—49,800

30,573-30,288

35,915-36,055

35,916

16,200-58,897
58,897-147,576

34,227-34,676
34,676-37,715

35,440-36,757

36,184-35,856

35,857

50,882-254,400
27,137-49,843

35,744-36,134

NOTE. SSI, surgical site infection; QALY, quality-adjusted life-year; TJA, total joint arthroplasty.
* Dominant strategy (both lower costs and greater expected benefit) in the sensitivity analysis.

Similarly, in the TKA model, the average cost-effectiveness
was $35,916 per QALY for the treat-all strategy, $36,270 per
QALY for the screen-and-treat strategy, and $36,365 per
QALY for the no-treatment strategy (Table 2).

Sensitivity analyses are reported in Table 3. The sensitivity
analyses revealed that, if the cost of mupirocin were as high
as $100 (base case cost is $6.23), treating all patients would
still dominate the other strategies (range, $5-$100). If the
cost of septic revision surgery were as low as $26,000 and as
high as $250,000, treating all patients would remain the dom-
inant strategy. If the cost of septic revision were very low
(<$26,000), the no-treatment strategy would no longer be
dominated (ie, it would cost less than the treatment strate-
gies); however, treating all patients would still be a cost-
effective approach to decreasing deep SSI incidence (ICER,
<$50,000 per QALY). If the cost of the screening test were
as low as $10 or as high as $200, the treat-all strategy would
remain the dominant strategy in the model.

Treating all patients remained the dominant strategy when
the prevalence of S. aureus colonization in the target popu-
lation ranged from 0.1% though 70%. The RR of SSI asso-
ciated with mupirocin treatment, compared with no treat-
ment, was also tested across a wide range in the sensitivity
analysis (RR, 0.1-0.9), and the treat-all strategy remained the
dominant strategy until mupirocin was no longer effective
(RR, >0.99).

The treat-all strategy is not cost-effective (ICER, >$50,000
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per QALY) when the utility of life after TJA is less than 0.48.
When the utility of TJA is between 0.49 and 0.9, the treat-
all strategy is the most cost-effective strategy in the model.
The treat-all strategy is dominant across all potential ranges
of utility of life after TTA septic revision surgery (0.1-0.9).

DISCUSSION

Our analysis demonstrates that both the treat-all strategy and
the screen-and-treat strategy for a TJA preoperative S. aureus
decolonization program with nasal mupirocin are cost-
effective alternatives, compared with no decolonization. The
treat-all and screen-and-treat strategies have similar average
cost-effectiveness ratios, with only trivial differences between
the strategies. A treat-all strategy is simpler to implement and
avoids missing potential carriers because of false-negative test
results. However, hospitals with a high prevalence of mu-
pirocin resistant strains may prefer a screen-and-treat strategy.
The sensitivity analyses demonstrate that using mupirocin
preoperatively is cost-effective across a wide range of con-
ditions, including in settings in which there is a high prev-
alence of mupirocin-resistant strains.

Preoperative decolonization of patients undergoing TJA is
rational, because endogenous S. aureus is the causative agent
of many deep prosthetic SSIs. A single course of mupirocin
is effective in eradicating S. aureus colonization®**"** with an
adverse effect profile limited to irritation or itching.*®* Al-
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though S. aureus recolonization can occur, the timing of this
would not likely occur within the perioperative period. Im-
portantly, the prevalence of mupirocin resistance and decol-
onization failure appears to be increasing.’*** Higher rates of
resistance seem to occur among patients with long-term daily
use,”" including older patients, those with prior hospitaliza-
tion, those with wound or pressure sores, those with exposure
to MRSA-inactive antibiotics, and those with central venous
catheters.” Some studies have found that resistance can de-
velop after a single, short-term course of therapy.'”** Our
analysis assumes that mupirocin has a persistent efficacy over
time. If mupirocin resistance increases in the future, the re-
sults of this analysis would not be applicable.

The limitations to this cost-effectiveness analysis include
the 1-year time course, which does not take into account the
long-term effects of SSI or therapies. Were the analyses ex-
tended to longer-term outcomes, it is likely that the treated
group would have the advantage of fewer revision surgeries
over their lifetime and an associated improved QALY score.
Our model is limited by the paucity of literature on S. aureus
decolonization and SSI in patients who undergo orthopedic
procedures. Estimates of the effectiveness of mupirocin treat-
ment may be limited by publication bias, with studies that
have negative findings being less likely to have been published.
Also, there was heterogeneity within the studies as to the
outcomes reported (all SSIs, SSIs due to S. aureus only, or
other infections), additional infection prophylaxis given (an-
tibiotics or chlorhexidine washes), and the patient popula-
tions that may influence the generalizability of the results.
Although there is uncertainty surrounding some of our as-
sumptions, we tested the less certain assumptions broadly in
sensitivity analysis, and the model conclusions remained
robust.

Seven studies were found involving patients who had un-
dergone orthopedic procedures and the use of mupirocin
treatment for S. aureus carriers, and the results of these studies
tend to favor decolonization. To our knowledge, only a single
meta-analysis has specifically examined the relationship be-
tween mupirocin use and SSI rates among patients who un-
derwent orthopedic procedures.” This review pooled only 2
articles'™'® and concluded that mupirocin use led to a sig-
nificant risk reduction of 0.61 (P < .05) for SSI. A Cochrane
Review on this topic did show improvements in S. aureus
infection rates, but it did not show significant changes in
overall rates of SSI after decolonization.”® One study with
1,700 patients treated with mupirocin showed no difference
in either the rate of SSI or the rate of S. aureus SSI, compared
with the rates among 400 historic control subjects.”® Two large
orthopedic studies found a statistically significant difference
between SSI rates among decolonized patients and untreated
S. aureus carriers, with SSI rates 3-4-fold lower among de-
colonized patients."*" These 2 reports did not find significant
risk reductions in S. aureus SSI in the mupirocin group (in-
cluding both S. aureus carriers and noncarriers), compared
with control groups,'*'* although there were trends that sug-
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gested that mupirocin was protective against S. aureus SSL
The most recent case-control trial, which included 12,000
patients, showed a 0.41 risk reduction (P <.05) in S. aureus
SSI in the study group, compared with the historical cohort.
The study group was screened for S. aureus nasal carriage,
and the carriers received preoperative treatment with mu-
pirocin, chlorhexidine scrub, and vancomyocin.” A large
RCT demonstrated a statistically significant 0.21 reduction in
relative risk (P < .05) among surgical patients (including pa-
tients who underwent cardiothoracic, vascular, gastrointes-
tinal, general surgical, and orthopedic surgical procedures)
who were treated with mupirocin and chlorhexidine scrub,
compared with the placebo group.”

It has been estimated that 7,000-14,000 patients would be
needed to demonstrate a 20% reduction in SSI rate after
mupirocin decolonization if the baseline SSI rate were 5%.”
Future studies need to compare homogeneous patient pop-
ulations or stratify results according to the type of orthopedic
implant (cemented vs uncemented) and the type of surgery
(primary vs revision). A large multicenter RCT would be the
best study design to confirm the effectiveness of mupirocin
treatment in preventing SSI, and centers should continue to
monitor for mupirocin resistance, because this could change
the balance of cost and benefit for this intervention.

This cost-effectiveness analysis demonstrates that, in the
context of a low prevalence of mupirocin resistance among
S. aureus isolates, either of 2 interventions—treating all pa-
tients who undergo TJA with a 5-day course of preoperative
mupirocin or screening all patients with use of nasal cultures
and then treating S. aureus carriers—is cost-effective when
implemented to prevent deep SSI. However, from an oper-
ational perspective, incorporating a routine course of pre-
operative mupirocin before TJA procedures is easier than
implementing a screen-and-treat strategy. The latter requires
multiple steps, including a visit to obtain a specimen for
culture, follow-up of culture results, and a prescription of
mupirocin for colonized patients. Each step introduces the
potential for error or omission. Moreover, imperfect sensi-
tivity of testing would result in additional missed decoloni-
zation opportunities. For this reason, for surgeons wishing
to decolonize S. aureus—colonized patients before TJA surgery,
we believe that the treat-all approach is the most likely to
achieve this aim. Periodic reassessment of trends in mupirocin
resistance among S. aureus isolates will be important in de-
termining whether this approach continues to be cost-
effective.
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