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ABSTRACT

Background: Surgical skin preparation prior to total knee and hip arthroplasty is an important step in infection
prevention. Compared to a single application, repeat skin preparation after draping demonstrates greater efficacy in
reducing the overall occurrence of surgical site infections in total joint arthroplasty. We sought to find if the addition of
an extra surgical scrub after draping is a cost-effective means of decreasing prosthetic joint infection (PJI), and if so,
under what conditions it would be most cost-effective.

Methods: We employed a model to assess the cost-effectiveness of repeat skin preparation in total knee and hip
arthroplasty. This model determines a threshold at which the expenses associated with a new intervention is offset by
its ability to reduce overall costs. Literature review and records from our institution were used to draw average expenses
for treatment of PJI, as well as surgical prep scrubs, to evaluate at their cost-effectiveness. We also compared against
hypothetical higher and lower costs and infection rates to gain further information on the additional surgical prep’s cost-
effectiveness.

Results: Each of the surgical scrubs is cost-effective at our institution's cost when an absolute risk reduction (ARR) of
0.01% is achieved. The cost-effectiveness was also noted with hypothetically higher infection rates and scrub cost
prices. Lower potential two-stage revision costs make the additional surgical scrub less cost-effective.

Conclusions: Our findings demonstrate that an extra surgical scrub can be cost-effective way of decreasing PJI across
a variety of different surgical scrub prices, arthroplasty revision costs, and PJI rates.
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INTRODUCTION

Total knee arthroplasty (TKA) and total hip arthroplasty
(THA) are surgical procedures that alleviate pain and
restore function in patients with knee and hip joint disease.
These procedures have become increasingly prevalent due
to the rising incidence of joint degeneration and an aging
population.’® Recent data reveals that 480,958 primary
TKA, and 262,369 THA were performed in the United
States in 2019. Projections for 2060 indicate a substantial
increase, with an estimated 1,982,099 THA procedures

and 2,917,959 TKA procedures.* As THA and TKA
increase, a corresponding increase in the prevalence of PJI
is expected to follow, which will lead to increased
healthcare costs and patient morbidity.>°As such,
interventions to reduce infection, healthcare system
burden, and financial costs are paramount.5°

Skin flora is a nidus for PJI.1*2 Surgical skin preparations
are essential in infection prophylaxis as they reduce viable
skin flora. It has been shown that the addition of an extra
surgical prep scrub after draping decreased surgical site
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infection in total joint arthroplasty.' However, there are
not current studies looking at whether the additional cost
of an extra surgical scrub preparation introduced after
draping is a cost-effective way to reduce PJI and the
associated costs and morbidity associated with them. In
this study, we sought to answer whether the additional cost
of an extra surgical prep scrub used after draping is a cost-
effective measure when attempting to reduce the incidence
of PJI under standard conditions.

Additionally, we sought to further answer the question of
under what conditions, including those with varied
hypothetical costs for scrub preps and revision surgeries,
and under different baseline PJI incidences, might the
addition of an extra surgical prep scrub be cost-effective.

METHODS

This study took place between May 2023 and June 2024 at
John Peter Smith hospital in Fort Worth, TX. For this
study, we employed a cost-effectiveness model using the
break-even analysis introduced by Hatch et al.'> The model
determines a threshold at which the expenses associated
with a new intervention are offset by its ability to reduce
overall costs. By considering initial PJI rates, the overall
cost of revision arthroplasty due to PJI, and the expenses
related to additional surgical prep scrubs, we are able to
calculate the break-even infection rate and the ARR
needed for the extra surgical scrub to be cost-effective.

Equation used to calculate break-even infection rate

Stotar X C¢ X IR;

= (Stotul X Cp)
+ (Stotar X C¢ X IRf)

Solving for IRy yields:

IRi x Ct)-C,
IRf:( )-Cp
ct

Where,

Stotal = total annual surgeries; C; = total cost of treating an
infection; C, = cost of surgical prep; IR; = initial infection
rate; IRs = breakeven infection rate.

To do this, we consulted the literature to determine the
range of baseline infection rates after TKA and THA and
obtained the values ranging from 0.7% to 2.49,5916-20
Based on these numbers, we assume infection rates to be
1.7% for TKAs and 1.9% for THAs for our study.
Regarding revision arthroplasty costs, we consulted the
literature and determined the cost for two-stage revision
THA and TKA surgeries to amount to $58,369 and
$56,369 respectively.r Regarding the addition of a
surgical scrub stick/tray to the case, we assumed that one
additional chlorhexidine gluconate/isopropy! alcohol stick
(26 mL), iodine povacrylex/isopropyl alcohol stick (26
mL), or iodine paint tray was added to the surgical field.

The price for each of these surgical preps was obtained
from the purchasing lists at our hospital. The costs for
these were noted to be $5.95, $4.29, and $7.99
respectively.

We additionally performed more analyses using
hypothetical values for PJI rates, revision costs, and prep
scrub prices to further elucidate situations in which an
additional surgical prep scrub may or may not be cost-
effective. Two variables were always held constant while
varying the third.

Using the information obtained from literature review, the
cost-effectiveness model described the Hatch et al article,
and baseline costs and infection rates, a study protocol was
formed, and the analysis was performed. Microsoft excel
was used for data calculation and analysis, as well as
formation of tables.™

RESULTS

Tables 1 to 3 present the results of our analysis examining
the association between antiseptic solution prices
(chlorhexidine  gluconate/isopropyl alcohol, iodine
povacrylex/isopropyl  alcohol, and iodine paint
respectively) and the break-even infection rates and
absolute risk reductions for total knee revision (TKR) and
total hip revision (THR) procedures. Chlorhexidine
gluconate/isopropyl alcohol prices ranging from 2 to 40
United States Dollars (USD) correspond to break-even
infection rates of 1.70% to 1.63% for TKR and 1.90% to
1.83% for THR, with break-even ARR values of 0.00% to
0.07%.

With iodine povacrylex/isopropyl alcohol prices ranging
from 1 to 40 USD, we found break-even infection rates of
1.70% to 1.63% for TKR and 1.90% to 1.83% for THR,
with break-even ARR values of 0.00% to 0.07%. lodine
paint prices of 2 to 40 USD correspond to break-even
infection rates of 1.70% to 1.63% for TKR and 1.90% to
1.83% for THR, with break-even ARR values of 0.00% to
0.07%.

Table 4 details the results of break-even analysis when
initial infection rate was varied and surgical revision cost
and surgical prep prices were kept the same. For TKA, the
break-even infection rates ranged from 0.49% to 9.99%,
with a consistent ARR of 0.01% for all antiseptic
solutions. Similarly, for THA, the break-even infection
rates also varied from 0.49% to 9.99%, with an
accompanying ARR of 0.01% for each antiseptic.

Table 5 presents a break-even analysis for TKR and THR
procedures when varying the revision surgery costs and
maintaining the surgical prep costs and initial infection
rates. For TKR, ARRs varied between 0.00% and 1.60%
across varying revision costs, with higher PJI rate
reductions needed to be cost-effective for the use of iodine
paint. Similarly, for THR, ARR values ranged from 0.00%
to 1.60%.
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Table 1: Cost effectiveness of extra chlorhexidine gluconate/isopropyl alcohol surgical scrub.

Scttlll(() ?reiééd(lﬂesgl)gconate/ EO@ eltael Break_ even Break- Break_ even Break-
infection rate even ARR infection rate even ARR
2 1.70% 0.00% 1.90% 0.00%
4 1.69% 0.01% 1.89% 0.01%
5.95° 1.69% 0.01% 1.89% 0.01%
10 1.68% 0.02% 1.88% 0.02%
20 1.66% 0.04% 1.87% 0.03%
40 1.63% 0.07% 1.83% 0.07%

ARR-Absolute risk reduction, USD-United States Dollar, 226 mL applicator, ®Price at our hospital.

Table 2: Cost effectiveness of extra iodine povacrylex/isopropyl alcohol surgical scrub.

Egdslggzapovacrylexllsopropyl alcohol price !Break. even Break- !Break even Break-
infection rate even ARR infection rate even ARR

1 1.70% 0.00% 1.90% 0.00%

2 1.70% 0.00% 1.90% 0.00%

4.29° 1.69% 0.01% 1.89% 0.01%

10 1.68% 0.02% 1.88% 0.02%

20 1.66% 0.04% 1.87% 0.03%

40 1.63% 0.07% 1.83% 0.07%

ARR-Absolute risk reduction, USD-United States Dollar, 226 mL applicator, Price at our hospital

Table 3: Cost effectiveness of extra iodine paint surgical scrub.

lodine paint price (USD)? Break even Break- Break even Break-
infection rate even ARR infection rate even ARR
2 1.70% 0.00% 1.90% 0.00%
4 1.69% 0.01% 1.89% 0.01%
7.99° 1.69% 0.01% 1.89% 0.01%
10 1.68% 0.02% 1.88% 0.02%
20 1.66% 0.04% 1.87% 0.03%
40 1.63% 0.07% 1.83% 0.07%

ARR-Absolute risk reduction, USD-United States Dollar, 2lodine prep tray, Price at our institution.
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Table 4: Break-even infection rates while maintaining cost of surgical prep and revision surgery cost while varying initial infection rate.

Chlorhexidine lodine Chlorhexidine lodine

Initial gluconate/ povacryle/ Io@ine gluconate/ povacrylex/ :;;?r']r,:e
infection rate [k ARR isopropyl AgR paint ARR BOpIEEL ARR  Isopropyl - app break- ARR

alcohol alcohol break- alcohol alcohol even

break-even break- even rate break-even break-even rate

rate even rate rate rate
0.50% 0.49% 0.01% 0.49% 0.01% 0.49% 0.01% 0.49% 0.01% 0.49% 0.01% 0.49% 0.01%
1.00% 0.99% 0.01% 0.99% 0.01% 0.99% 0.01% 0.99% 0.01% 0.99% 0.01% 0.99% 0.01%
2.00% 1.99% 0.01% 1.99% 0.01% 1.99% 0.01% 1.99% 0.01% 1.99% 0.01% 1.99% 0.01%
3.00% 2.99% 0.01% 2.99% 0.01% 2.99% 0.01% 2.99% 0.01% 2.99% 0.01% 2.99% 0.01%
4.00% 3.99% 0.01% 3.99% 0.01% 3.99% 0.01% 3.99% 0.01% 3.99% 0.01% 3.99% 0.01%
5.00% 4.99% 0.01% 4.99% 0.01% 4.99% 0.01% 4.99% 0.01% 4.99% 0.01% 4.99% 0.01%
6.00% 5.99% 0.01% 5.99% 0.01% 5.99% 0.01% 5.99% 0.01% 5.99% 0.01% 5.99% 0.01%
7.00% 6.99% 0.01% 6.99% 0.01% 6.99% 0.01% 6.99% 0.01% 6.99% 0.01% 6.99% 0.01%
8.00% 7.99% 0.01% 7.99% 0.01% 7.99% 0.01% 7.99% 0.01% 7.99% 0.01% 7.99% 0.01%
9.00% 8.99% 0.01% 8.99% 0.01% 8.99% 0.01% 8.99% 0.01% 8.99% 0.01% 8.99% 0.01%
10.00% 9.99% 0.01% 9.99% 0.01% 9.99% 0.01% 9.99% 0.01% 9.99% 0.01% 9.99% 0.01%

ARR-Absolute risk reduction, 2Assumes cost of chlorhexidine gluconate/isopropy! alcohol ($5.95), lodine povacrylex/isopropyl alcohol ($4.29), lodine tray ($7.99), PAssumes revision cost for
TKA ($56,900) and THA ($58,369).

Table 5: Break-even infection rates while maintaining cost of surgical prep and infection rate while varying cost of revision surgery.

Chlorhexidine lodine Chlorhexidine lodine
Cost to treat gluconate/ povacrylex/ Iogiine gluconate/ povacrylex Ioc_jine
(USD) isopropyl ARR isopropyl ARR paint ARR isopropyl ARR lisopropyl ARR paint ARR

alcohol alcohol break- alcohol alcohol break-

break-even break-even even rate break-even break-ven even rate

rate rate rate rate
500 0.51% 1.19% 0.84% 0.86% 0.10% 1.60% 0.71% 1.19% 1.04% 0.86% 0.30% 1.60%
1,000 1.11% 0.60% 1.27% 0.43% 0.90% 0.80% 1.31% 0.60% 1.47% 0.43% 1.10% 0.80%
5,000 1.58% 0.12% 1.61% 0.09% 1.54% 0.16% 1.78% 0.12%  1.81% 0.09% 1.74% 0.16%
10,000 1.64% 0.06% 1.66% 0.04% 1.62% 0.08% 1.84% 0.06%  1.86% 0.04% 1.82% 0.08%
25,000 1.68% 0.02% 1.68% 0.02% 1.67% 0.03% 1.88% 0.02%  1.88% 0.02% 1.87% 0.03%
50,000 1.69% 0.01% 1.69% 0.01% 1.68% 0.02% 1.89% 0.01%  1.89% 0.01% 1.88% 0.02%
75,000 1.69% 0.01% 1.69% 0.01% 1.69% 0.01% 1.89% 0.01%  1.89% 0.01% 1.89% 0.01%
100,000 1.69% 0.01% 1.70% 0.00% 1.69% 0.01% 1.89% 0.01%  1.90% 0.00% 1.89% 0.01%

ARR- Absolute Risk Reduction, USD- United States Dollar, 2Assumes cost of Chlorhexidine gluconate/isopropyl alcohol ($5.95), iodine povacrylex/isopropyl alcohol ($4.29), iodine tray ($7.99),
bAssumes infection rate TKA (1.7%) and THA (1.9%).
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DISCUSSION

The purpose of our study was to examine the cost
effectiveness of the addition of an extra surgical scrub after
draping in THA and TKA. Despite advancements in
surgical techniques and infection control, PJI remains a
major complication following TKA and THA.%% In 2017
alone, the estimated annual cost of treating PJI in THA and
TKA reached $903 million, imposing a substantial burden
on patients and hospital resources.?? In addition, the
evolving physician reimbursement models underscore the
significance of improving patient outcomes while
minimizing costs.? Consequently, addressing PJI in a cost-
effective manner becomes paramount. One promising
approach to reduce increased total costs while increasing
patient outcomes is the use of an additional surgical scrub
preparation to the case, which has been shown to
effectively decrease the incidence of PJI.24?* In this study,
we provide an evaluation of the cost-benefit relationship
between additional antiseptic solution (Chlorhexidine
gluconate/isopropyl alcohol, iodine povacrylex/isopropyl
alcohol, and iodine paint), and break-even infection rates
needed for their addition to be cost-effective in primary
TKA and THA.

Each of the evaluated surgical scrubs is cost-effective at
our institution's cost when a corresponding ARR of 0.01%
is achieved. Even when the scrub prices were
hypothetically increased to $40, each scrub prep was still
cost effective at an ARR of 0.07%. When accounting for
hypothetical infection rates (0.5-10%) the ARR needed for
cost-effectiveness remained at 0.01% ARR, and all scrub
prep additions performed similarly. The largest variability
in ARR needed for cost effectiveness was noted when
variable two-stage revision costs were compared against
standard infection rates and scrub prices. At more standard
two-stage revision costs, the additional scrub preparations
were cost effective with low ARRs, however when two-
stage revision rates were varied to be lower than our
estimates, the ARR needed to be cost effective increased
to 1.6% for the use of iodine paint with a hypothetical two-
stage revision cost of $500.

Prior work has reported the addition of a surgical scrub
after draping reduced superficial surgical site infections in
total joint arthroplasty by 4.7%.%* This risk reduction
achieved with the addition of a surgical preparation scrub
is much higher than the ARR needed for the additional
scrub to be cost-effective under our models, and our
analysis highlights that the additional cost of a surgical
prep scrub is cost-effective under many different
circumstances.

This study has certain limitations that should be considered
when interpreting the results. First, there is variability in
the literature in regard to standard infection rates and
revision costs, which may result in cost effectiveness
variability when wusing different values for these
parameters. Furthermore, we did not incorporate the cost
associated with the additional procedure time required for

the extra scrub, which could affect the overall cost-
effectiveness of the protocol. Additionally, each institution
will have a different price for each of the surgical skin
preparations. Finally, the modeling approach employed in
this analysis relied on assumptions and simplifications that
may not fully capture the complexity of cost dynamics.
Despite these limitations, our study provides valuable
estimates based on the available literature and considering
a variety of hypothetical infection rates, costs associated
with skin preparation, and revision procedures. These
findings aim to improve the generalizability of our results.
Future research should aim to address these limitations and
enhance the robustness and applicability of cost-
effectiveness analyses in infection prevention protocols.

CONCLUSION

In conclusion, our research shows that adding an
additional surgical skin scrub after standard prepping and
draping during TKA and THA can be a cost-effective way
to reduce PJI in patients undergoing TKA and THA. When
evaluating with standard PJI rates, revision arthroplasty
costs, and scrub prep costs, an additional scrub prep is
cost-effective when achieving an ARR of 0.01%. This
ARR needed to be cost-effective is much lower than the
ARR achieved in patients in a prior study comparing PJI
rates in patients receiving an extra surgical scrub after
draping to those who did not receive the extra scrub. 24 Our
findings also hold true when evaluating surgical prep
scrubs at hypothetically higher costs and with varied initial
PJI rates and revision arthroplasty costs.
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