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Benzoyl Peroxide is Cost-Effective for Preventing ®
Infection by Cutibacterium Acnes in Arthroscopic
Rotator Cuff Repair

Pearce W. Lane, B.S., B. Gage Griswold, M.D., Daniel W. Paré, B.S.,
Brandon D. Bushnell, M.D., M.B.A., and Stephen A. Parada, M.D.

Purpose: To evaluate the cost-effectiveness of benzoyl peroxide (BPO) in decreasing postoperative infections through a
mathematical model in the setting of arthroscopic rotator cuff repair (RCR). Methods: A break-even equation compared
the costs associated with perioperative BPO use and postoperative infection following an arthroscopic RCR. The post-
operative infection rate used for calculations was 0.28%, a value established in current literature. The break-even analysis
produced a new infection rate, which defined how much BPO is needed to reduce the known infection rate in order for its
prophylactic use to be cost-effective. The institution’s business office assessed the minimum itemized costs associated with
the standard-of-care treatment of postoperative RCR infection. Sensitivity analysis was conducted to demonstrate how
variability in the costs of BPO, in infection rates and in the cost of infection treatment affected the absolute risk reduction
(ARR) and number needed to treat (NNT). Results: Financial review yielded a minimum institutional cost of treating a
postoperative infection following arthroscopic RCR of $24,991.31. Using the break-even formula to calculate the ARR at
which the overhead costs of BPO and the treatment of infection were equal, BPO was economically viable if it decreased
infection rate by 0.000734% (NNT = 1,361.92). This value was low because of the order of magnitude of difference
between the costs of infection prevention when compared to the costs of treating postoperative infections.
Conclusions: This break-even analysis model suggests that the use of preoperative BPO in the setting of arthroscopic
RCR is cost-effective for prevention of infection with Cutibacterium acnes, given the high cost of treating the infection versus
the low cost of the solution. Clinical Relevance: The economic feasibility of preoperative use of BPO in the setting of
arthroscopic RCR could alter the standard of care.

Postoperative infection in the setting of arthroscopic
shoulder surgery is rare; however, it is very costly
for both the patient and the health care system. The
reported incidence of infection following arthroscopic
shoulder surgery in the PearlDiver Patient Record
Database of 165,820 patients was 0.27%. The study
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further specified the incidence of infection after
arthroscopic rotator cuff repair (RCR) to be 0.29%.'
Pauzenberger et al. similarly found an indicidence of
0.28% in a population of more than 3,000 patients.”

Cutibacterium acnes (C. acmes) is a problematic or-
ganism in shoulder surgery because it can be
responsible for postoperative infections even after
arthroscopic procedures. C. acnes (formerly known as
Propionibacterium acnes) is a non-spore-forming,
anaerobic, gram-positive rod of the normal cuta-
neous flora, especially in areas rich with pilosebaceous
glands such as the shoulder.”” Case reports have
demonstrated significant pathology of the joint
following infection, some requiring arthroplasty.
Additionally, patients have experienced complications
resulting from the medical treatment of the infection,
including deep venous thrombosis and secondary
wound-site infections.® A recent study found that
20% of patients required more than a single reoper-
ation.” Each complication presents additional cost to
the institution and the patient.

elll9


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asmr.2021.03.021&domain=pdf
mailto:pearcewlane@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.asmr.2021.03.021

ell120

IR C C Where:
IR —_— ( l t d IR¢ = Final (break-even) infection rate
f IRi = Initial (current) infection rate
Ct Ci= Cost to treat infection
Cb = Cost of decolonization of skin

Fig 1. Break-even equation used to calculate the financial
efficacy of BPO.

Standard perioperative skin preparation with chlor-
hexidine gluconate (CHG) has proven to be ineffective
in decolonizing C. acnes from the shoulder region due to
the organism'’s ability to reside within dermal sebaceous
glands and hair follicles.'”'" Benzoyl peroxide (BPO)
has been shown to be more effective in reducing the
bioburden of C. acnes on skin both at the beginning and
at the conclusion of shoulder surgery.'*'’ This may
result in a hypothetical lower risk of postoperative
infection.

A recent study substantiated the financial benefit of
BPO in shoulder arthroplasty. The authors found BPO
to be cost-effective if it prevented infection in at least 1
of 4,348 shoulder arthroplasties, which equated to an
absolute risk reduction (ARR) of 0.023%."*

The purpose of this study was to evaluate the cost-
effectiveness of using BPO to decrease postoperative
infections. We used a mathematical model in the setting
of arthroscopic RCR, hypothesizing that the preopera-
tive use of BPO would be financially cost-effective in
decreasing postoperative infections following arthro-
scopic RCR.

Methods

A break-even infection rate analysis was calculated by
using the institutional costs (provided by the business
office at the authors” hospital) associated with treating a
postoperative infection following an arthroscopic RCR.
Hatch et al. originally developed an equation to deter-
mine the economic viability of insituting a new protocol
with an associated increased cost.'” This analysis em-
ploys an equation to determine the final infection rate
required for a new protocol to be economically viable,
given the initial infection rate, the total cost of treating
an infection and the cost of an infection-prevention
strategy (Fig 1).'° Calculating the difference between
the initial and final infection rates yields ARR, which is
the percent by which a protocol must reduce the
infection rate to justify economically its use as a pro-
phylactic measure. The number needed to treat (NNT)
was calculated from the inverse of ARR. The NNT in
this study indicates the minimum number of patients
who must be treated to prevent 1 infection for the
indication to be fiscally responsible. This study did not
require Institutional Review Board approval.

The costs of skin-preparation solutions, the costs of
treating postoperative infections and infection rates
themselves are variable. These variables are dependent
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on the source of data or institution and are likely to
evolve over time. With this in mind, a sensitivity
analysis was performed in which the break-even
infection rate was calculated over a range of costs and
infection rates to ensure that the findings could be
applied in assorted settings.

The estimated incidence of infection was obtained
from 2 different studies. Pauzenberger, et al. reviewed
the cases of 3,294 arthroscopic RCRs and demonstrated
an overall infection rate of 0.85%; however, this
number included many patients who did not receive
preoperative antibiotics. The patient population that did
not receive preoperative antibiotics had a significantly
higher infection rate (1.54% vs 0.28%).” Another large
study, by Yeranosian and colleagues, found the inci-
dence of postoperative infection after arthroscopic RCR
to be 0.29%, although the authors did not specificy
whether or not preoperative antibiotics were dminis-
tered.' Felsch et al. observed a similar incidence in
2020."” With 2 highly powered studies demonstrating
similar incidence of infection, an incidence rate of
0.28% was selected for our calculations.

The product costs of BPO and the cost of treating an
infected arthroscopic RCR were obtained from the in-
stitution’s purchasing records. The cost of a benzoyl
peroxide 5% gel 60-gram tube was $18.35, whereas
chlorhexidine gluconate 2% 120 milliliter solution costs
$2.66 per container. The expected cost for hospital
admission, a single irrigation and debridement proced-
ure along with antibiotic treatment for an infected
arthroscopic RCR at the authors’ institution was found
to be $24,991.31 (Table 1).

Results
Using the break-even formula, CHG was found to be
economically viable if it decreased the infection rate by
0.000106% (NNT = 9,395.23) (Table 2). The cost of BPO
was found to be economically beneficial if it decreased
the infection rate by 0.000734% (NNT =1,361.92). This
demonstrates that BPO provides an economic benefit if it

Table 1. Average Cost of Managing an Arthroscopy RCR
Infection at Our Institution

Cost ($) Units
Intervention Per Unit Required Total cost ($)
Hospital admission for 20930.00 1 20930.00
irrigation and debridement
ID Consult 116.85 1 116.85
Cultures 1 0.00
Hospital stay, 2-3 days 1075.08 3 3225.24
PICC line placement 145.23 1 145.23
Penicillin (3 mil units q4 2.50 224 560.00
hrs) x 2 weeks
Doxycycline (100 mg BID) x 2 1.00 14 14.00
weeks
Total 24991.31

1D, infectious disease; PICC, peripherally-inserted central catheter.
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Table 2. Maintaining Cost of BPO and the Cost of Treating Infection While Varying Initial Infection Rates

BPO CHG
Rate Of Infection (%) Break-even (%) ARR (%) NNT Break-even (%) ARR (%) NNT
0.05 0.049265745 0.000734255 1361.924251 0.049893563 0.000106437 9395.22932
0.15 0.149265745 0.000734255 1361.924251 0.149893563 0.000106437 9395.22932
0.28 0.279265745 0.000734255 1361.924251 0.279893563 0.000106437 9395.22932
0.35 0.349265745 0.000734255 1361.924251 0.349893563 0.000106437 9395.22932
0.45 0.449265745 0.000734255 1361.924251 0.449893563 0.000106437 9395.22932

ARR, absolute risk reduction; BPO, benzoyl peroxide; CHG, chlorhexidine gluconate; NNT, number needed to treat.
Presume a cost of CHG $2.66, BPO $18.35 and treatment cost of $24,991.31.

Boldface denotes the infection rate used.

prevents at least 1 infection of 1,361.92 arthroscopic
RCR surgeries (NNT), whereas the use of CHG is justified
if it prevents 1 infection of 9,395.23 arthroscopic RCR
cases (NNT). The necessary ARR is constant when
considering higher infection rates while holding constant
the cost of the skin decolonization protocols and those of
treating the infection. Table 3 demonstrates a decreasing
ARR necessary to break even for both CHG and BPO,
with increasing costs associated with treating
postoperative infection. An ARR of 0.001835
(NNT = 544.96) is required to break even if post-
operative infection treatment costs $10,000, but only an
ARR of 0.00046 (NNT = 2,179.84) is necessary if the
treatment costs $40,000.

Discussion

The findings of this study support the economic
advantage of BPO in the perioperative setting because of
the significant difference in the cost to treat a post-
operative infection compared to the minimal cost of the
solution. C. acnes presents an unlikely but potentially
devastating risk of postoperative infection following an
arthroscopic RCR. Despite an infection rate of only an
estimated 0.28%, the risk necessitates diligent prevention.

Although the NNT values seem disparate, the low
ARR values resulted from the order of magnitude dif-
ference between the costs of this preoperative infection
prevention compared to the cost of treating a post-
operative infection (Table 2). This vast difference in
costs requires so little improvement in infection rates to

break even that seemingly large changes in initial
infection rates yield virtually equivalent results. Given
that the cost of treating a postoperative infection after
an arthroscopic RCR may vary across institutions and
treatment protocols, a constant rate of infection and
cost of skin decolonization demonstrates an inverse
relationship between economic viability of BPO and the
cost of treating postoperative infection (Table 3).

Surgical debridement and long-term antibiotics are
typically the mainstay of treatment for postoperative
infection following arthroscopic RCR.° Multiple de-
bridements may be required to eradicate the infection,
which will often impact the patient’s outcome signifi-
cantly.®'® Kwon et al. demonstrated an average num-
ber of 2.6 surgical debridements per patient with
postoperative infection following arthroscopic RCR.
The patients involved completed University of Califor-
nia, Los Angeles, shoulder-scoring system question-
naires, which revealed that more than half of the cohort
was dissatisfied with the postoperative outcome.'®

C. acnes is also known to be present as normal skin
flora of the shoulder and can remain present after
standard surgical preparation.'' Chuang et al. found
that patients undergoing arthroscopic shoulder surgery
still had a high incidence of C. acnes-positive superficial
and deep cultures (72.5% and 19.6%), even after a
standard skin preparation with 4% chlorhexidine and
2% chlorhexidine gluconate/70% isopropyl alcohol.”

Several studies have demonstrated the usefulness of
preoperative BPO in various shoulder procedures. In a

Table 3. Maintaining the Cost of BPO and Initial Infection Rate Constant While Varying the Cost of Treating Infection

Benzoyl Peroxide

Chlorhexidine Gluconate

Cost ($) Break-even (%) ARR (%) NNT Break-even (%) ARR (%) NNT
10,000 0.278165 0.001835 544.9591281 0.278165 0.001835 544.9591281
20,000 0.2790825 0.0009175 1089.918256 0.2790825 0.0009175 1089.918256
24,991.31 0.279265745 0.000734255 1361.924251 0.279265745 0.000734255 1361.924251
30,000 0.279388333 0.000611667 1634.877384 0.279388333 0.000611667 1634.877384
35,000 0.279475714 0.000524286 1907.356948 0.279475714 0.000524286 1907.356948
40,000 0.27954125 0.00045875 2179.836512 0.27954125 0.00045875 2179.836512

Presumes that the cost of chlorhexidine gluconate is $2.66 and the cost of benzoyl peroxide is $18.35; there is an initial infection rate of 0.28%.

ARR, absolute risk reduction.
Boldface values denote cost at our institution.
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double-blinded, randomized trial of patients undergo-
ing primary or revision arthroplasty or arthroscopic
shoulder surgery, Kolakowski et al. compared the
positive culture rate with the use of BPO versus CHG,
using the contralateral shoulder as a negative control.
This study instructed participants to perform 3-minute
shoulder washes with the assigned solution on preop-
erative days -2 and -1 as well as on the morning of
surgery. Samples collected prior to the procedure
demonstrated fewer positive cultures in participants
who washed with BPO, and no changes were seen with
the CHG group compared to the controls.'” In another
study evaluating BPO in arthroscopic procedures,
Sabetta et al. demonstrated that the use of a BPO skin
preparation reduces the number of 1 or more positive
cultures with C. acnes after undergoing arthroscopic
shoulder surgery. The authors found that preoperative
BPO washes, beginning 48 hours prior to surgery,
reduced the rate of cultures positive for C. acnes by
approximately 50%."’

The benefit of hydrogen peroxide, which is the active
ingredient in BPO, in addition to standard preoperative
preparations has also been evaluated. Chalmers et al.
demonstrated that hydrogen peroxide was associated
with a significant decrease in the number of patients
with triple-positive cultures as compared to the controls,
but there was no significant difference in the percentage
of patients with 1, 2 or more positive skin, dermal or
joint cultures with the addition of hydrogen peroxide.'’
Yamakado’s study suggests no significant reduction of
C. acnes with the use of hydrogen peroxide.”” The results
demonstrate that although a hydrogen peroxide solution
is likely to be beneficial in reducing the bacterial burden,
it is not a replacement for BPO.

Limitations

There are several limitations in this study. The pri-
mary limitation is the use of mathematical modeling to
generate a break-even cost analysis. A randomized
controlled trial in which the authors controlled for BPO
application techniques and compliance in order to
evaluate the clinical outcomes in the setting of arthro-
scopic RCR would identify the precise financial benefit
of BPO. Another limitation is that the model used cost
data specific to the authors’ institution. It is likely that
the costs associated with the treatment of postoperative
complications vary widely across regions and are likely
to evolve over time.

Conclusions
This break-even analysis model suggests that the use
of preoperative BPO in the setting of arthroscopic RCR
is cost effective for the prevention of infection with
C. acnes, given the high cost of treating the infection
versus the low cost of the solution.
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