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Background: Prosthetic joint infection (PJI) is a well-described complication after total joint arthroplasty
which imposes a substantial burden of morbidity and mortality on the individual, as well as cost to the
health-care system. This study used a break-even analysis to investigate the cost-effectiveness of pulsed
saline lavage (PSL) for PJI prophylaxis after a primary total knee arthroplasty (TKA) and total hip
arthroplasty (THA).
Methods: An established model was used to calculate the minimum cost-effective absolute risk reduc-
tion of PSL for infection prophylaxis after a total joint arthroplasty. Baseline infection rates of TKA and
THA and the cost of a revision surgery for PJI were derived from the literature while the cost of PSL
implementation was obtained from institutional data.
Results: PSL is cost-effective at an initial infection rate of 1.10%, revision costs of $32,132 for TKA PJI, and a
protocol cost of $38.28 if it reduces infection rates by 0.12% or prevents infection in 1 out of 839 patients.
PSL is cost-effective at an initial infection rate of 1.63% and a revision cost of $39,713 for THA PJI if it
reduces infection rates by 0.10% or prevents infection in 1 out of 1037 patients. The absolute risk
reduction needed for economic viability did not change with varying baseline infection rates and did not
exceed 0.38% for infection treatment costs as low as $10,000 and remained less than 0.47% even if PSL
cost was as high as $150.
Conclusions: The use of PSL is a cost-effective protocol for PJI prophylaxis after TKAs and THAs.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Prosthetic joint infection (PJI) is a well-described complication
of total joint arthroplasty (TJA) which imposes significant
morbidity on the patient and added costs to the health-care system
[1e3]. PJI can result in reduced functionality, decreased quality of
life, and possible mortality following TJA [4,5]. The standard
treatment for PJI varies; however, both single-staged and 2-staged
revision operations are widely utilized and accepted and can carry
additional costs as much as 6 times that of the original surgery
[3,6]. In the context of an aging population where the demand for
total hip arthroplasty (THA) and total knee arthroplasty (TKA) is
projected to increase by 174% and 673%, respectively, by 2030, the
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burden of PJI will likely increase [7]. Coupled with the increasing
emphasis on value-based care and the implementation of bundled
payments [8e10], infection prophylaxis protocols following TJAs
have become an increasingly important topic of research [11].

One method for PJI prophylaxis that has been widely adopted is
the pulsed lavage of 0.9% saline (PSL) [12]. Compared to the his-
torical use of bulb syringe or gravity lavage, PSL has shown
considerable efficacy in reducing surgical site infection rates across
multiple surgical subspecialties [13e19]. While the volume used in
PSL varies depending on the anatomy of interest and surgeon
preference, a few studies suggest 4 liters is optimal for TKA [20,21],
but none have specific volume recommendations for PJI.

Despite this growing body of evidence in support of PSL’s effi-
cacy, there is a paucity of information on the cost-effectiveness of
PSL for PJI prophylaxis following TJA. Therefore, the objective of this
studywas to perform a break-even analysis of PSL in the prevention
of PJI after TKAs and THAs. Specifically, we sought to identify the
absolute risk reduction (ARR) of infection rates at which the cost of
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. Economic model used to calculate the break-even infection rate. Cp, cost of pulsed saline lavage; Ct, total cost of treating an infection; IRf, break-even infection rate; IRi,
initial infection rate; Stotal, total annual surgeries.22
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implementing a universal PSL protocol would be redeemed by the
cost-savings from reduced PJI rates. We hypothesized that the
implementation of PSL would be cost-effective across a wide range
of scenarios.
Material and methods

In order to determine the cost-effectiveness of PSL prophylaxis
for PJI, we used a break-even economic model originally described
by Hatch et al. (Fig. 1) [22]. This equation has been applied in
several other studies to determine the cost-effectiveness of various
PJI prophylaxis protocols [23e26]. Using the initial infection rate,
the total cost of treating an infection, and the cost of the prevention
protocol, this model determines the point at which the cost of
implementing the infection prevention protocol is equal to the
reduction in cost of PJI. These variables can be manipulated as
needed for individuals to determine applicability to their practice.

A review of the literature determined the appropriate values of
the initial infection rate and cost of treatment, while our institu-
tional purchasing records gave us the cost of implementing the
pulsed lavage protocol. The ARR was calculated using the break-
even infection rate to show the percentage by which imple-
mentation of the prevention protocol needs to reduce PJI to be cost-
effective. From the ARR, the number needed to treat was also
determined to give the number of patients receiving PSL of which at
least 1 case of PJI would need to be prevented for PSL to be cost-
effective.

A further review of the literature demonstrated a range of values
for baseline infection rates after TJA, whichwere as high as 2.18% for
both TKA and THA and as low as 1.10% and 1.63% for TKA and THA,
Table 1
Cost-effectiveness of prophylactic 0.9% NaCl pulsed lavage for total joint arthroplastya

0.9% NaCl pulsed lavage cost (USD) Total knee arthroplasty

Break-even infection rate (%) ARR (

20.00 1.04 0.06
30.00 1.01 0.09
38.28b 0.98 0.12
40.00 0.98 0.12
50.00 0.94 0.16
75.00 0.87 0.23
100.00 0.79 0.31
125.00 0.71 0.39
150.00 0.63 0.47

USD, US dollars; NNT, 1/ARR.
a Assumes a baseline infection rate of 1.10% for TKA and 1.63% for THA and treatment

2015 estimates).
b Actual cost at our institution.
respectively, [2,27,28]. To be as conservative as possible, we used
the lower baseline infection rates in our computation. As for the
cost of a single-stage revision, values ranged from $24,200 to
$25,692 for TKA [2,3] and from $30,300 to $31,753 for THA [2,3]. In
order to provide the best cost-estimate, we used the higher values
of these estimates and adjusted them using the consumer price
index inflation calculator to current values (as of this study, June
2022) [3,29]. Since 2-stage revision can be even more costly, using
the cost of a single-stage revision provided a higher theoretical
threshold for PSL to be cost-effective. The cost of PSL was based on
our institution’s purchasing records of the combined cost of 1
single-use pulsed lavage device and a standard 3-liter bag of irri-
gation saline ($38.28).

Since the volume of irrigation fluid used and cost of the PSL
materials can vary by institution, we conducted a sensitivity anal-
ysis across a range of hypothetical costs of the protocol. In addition,
we also performed this analysis for variations in the cost of treat-
ment, as well as differences in baseline infection rates to determine
the effect of each of these variables on the ARR and NNT for cost-
effectiveness. Since this study was noninterventional and did not
access protected health information, institutional review board
approval was not required.
Results

At a cost of $38.28, an initial infection rate of 1.10% for TKA and
1.63% for THA, and a revision cost of $32,132 for TKA and $39,713 for
THA, PSL would be cost-effective at an ARR of 0.12% for TKA and
0.10% for THA (Table 1). To be economically viable under these
conditions, the protocol would need to prevent 1 case of PJI
Total hip arthroplasty

%) NNT Break-even infection rate (%) ARR (%) NNT

1607 1.58 0.05 1986
1071 1.55 0.08 1324
839 1.53 0.10 1037
803 1.53 0.10 993
643 1.50 0.13 794
428 1.44 0.19 530
321 1.38 0.25 397
257 1.32 0.31 318
214 1.25 0.38 265

costs of $32,132 for TKA and $39,713 for THA infection (adjusted for inflation from



Table 2
Break-even analysis of prophylactic 0.9% NaCl pulsed lavage in preventing prosthetic joint infection at different initial infection ratesa

Initial infection rate (%) Total knee arthroplasty Total hip arthroplasty

Break-even infection rate (%) ARR (%) NNT Break-even infection rate (%) ARR (%) NNT

0.50 0.38 0.12 839 0.40 0.10 1037
1.00 0.88 0.12 839 0.90 0.10 1037
2.00 1.88 0.12 839 1.90 0.10 1037
3.00 2.88 0.12 839 2.90 0.10 1037
4.00 3.88 0.12 839 3.90 0.10 1037
5.00 4.88 0.12 839 4.90 0.10 1037
6.00 5.88 0.12 839 5.90 0.10 1037
7.00 6.88 0.12 839 6.90 0.10 1037
8.00 7.88 0.12 839 7.90 0.10 1037
9.00 8.88 0.12 839 8.90 0.10 1037
10.00 9.88 0.12 839 9.90 0.10 1037

USD, US dollars; NNT, 1/ARR.
a Assumes a baseline infection rate of 1.10% for TKA and 1.63% for THA and PSL cost of $38.28 and treatment costs of $32,132 for TKA and $39,713 for THA infection (adjusted

for inflation from 2015).
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requiring revision of the 839 patients undergoing TKA and 1037
patients undergoing THA (Table 1). At the hypothetical most inex-
pensive cost of $20.00, to be cost-effective, the ARR would be 0.06%
and 0.05% with a NNT of 1607 and 1986 for TKA and THA, respec-
tively, (Table 1). At hypothetical upper limit of $150.00 for imple-
menting PSL, the ARR required for cost-effectiveness would be
0.47% and 0.38% with NNTs of 214 and 265 for TKA and THA,
respectively, (Table 1).

To determine the effect of varying baseline infection rates on the
model, Table 2 shows the results of the model at a fixed protocol
cost of $38.28 and costs of revision of $32,132 for TKA and $39,713
for THA. These computations demonstrated that the initial infec-
tion rate has no effect on the break-even ARR or NNT, even when
the initial infection rate is as high as 10%. At all possible initial
infection rate values, the ARR and NNT remained 0.12% and 839,
respectively, for TKA and 0.10% and 1037, respectively, for THA
(Table 2).

To assess the extent of the effect varying costs of PJI requiring
revision have on the cost-effectiveness of implementing PSL,
Table 3 demonstrates the results of the model at a fixed protocol
cost of $38.28 and fixed initial infection rate of 1.10% for TKA and
1.63% for THA. At a hypothetical lowest cost of $10,000, the ARR for
both TKA and THA would need to be 0.38% with a NNT of 261. At a
hypothetical upper cost of $400,000 for infections requiring revi-
sion, the ARR would be 0.01% for both TKA and THA, and PSL would
need to prevent only 1 infection in 10,449 patients undergoing TJA
(Table 3).
Table 3
Break-even analysis of prophylactic 0.9% NaCl pulsed lavage in preventing prosthetic join

Cost of treating infection (USD) Total knee arthroplasty

Break-even infection rate (%) ARR (%)

10,000.00 0.72 0.38
15,000.00 0.84 0.26
20,000.00 0.91 0.19
25,000.00 0.95 0.15
32,132.00a 0.98 0.12
39,713.00a 1.00 0.10
40,000.00 1.00 0.10
50,000.00 1.02 0.08
75,000.00 1.05 0.05
100,000.00 1.06 0.04
400,000.00 1.09 0.01

USD, US dollars; NNT, 1/ARR.
a Assumes a baseline infection rate of 1.10% for TKA and 1.63% for THA and PSL cost of $3

for inflation from 2015).
Discussion

There is an increasingly salient emphasis on cost minimization
in the world of arthroplasty [8e10]. PJI remains one of the costliest
complications of TJA, and concerted efforts must be made to
minimize its occurrence [30,31]. There has been much innovation
in the PJI prophylaxis space, including protocols such as the use of
antiseptic solutions and dressings, dissolvable antimicrobial beads,
and even antimicrobial cement [32].

PSL has been demonstrated to be a safe and effective protocol,
with some studies suggesting that it is superior to standard bulb
syringe or gravity lavage not only in tissue and implant penetration
but also in infection prevention [12,33e35]. Within orthopedics,
several studies have demonstrated the efficacy of PSL. In a pro-
spective randomized trial on hip hemiarthroplasty for femoral neck
fractures, a 2-liter PSL had a total infection rate of 5.5% compared to
15.6% for a 2-liter normal-saline gravity or bulb syringe lavage (P ¼
.002) [15]. Additionally, in 2 studies on spinal fusion surgeries, the
infection rate of PSL vs bulb syringe lavage was 1.6% compared to
10.1% (P ¼ .046) and 2.5% compared to 20% (P < .001) [13,14]. While
efficacy data on the true ARR of PSL are sparse, what is available in
the literature suggests that PSL is at least noninferior if not superior
to historical lavage methods.

Although the cost-effectiveness of several PJI prophylaxis pro-
tocols have been investigated, a break-even analysis of PSL has not
yet been reported [22e26]. Therefore, this study is the first to
outline the wide-ranged cost-effectiveness of PSL for infection
t infection at different costs of treating infectiona

Total hip arthroplasty

NNT Break-even infection rate (%) ARR (%) NNT

261 1.25 0.38 261
392 1.37 0.26 392
522 1.44 0.19 522
653 1.48 0.15 653
839 1.51 0.12 839

1037 1.53 0.10 1037
1045 1.53 0.10 1045
1306 1.55 0.08 1306
1959 1.58 0.05 1959
2612 1.59 0.04 2612

10,449 1.62 0.01 10,449

8.28 and treatment costs of $32,132 for TKA and $39,713 for THA infection (adjusted
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prophylaxis following TJA. We show that PSL may be cost-effective
in PJI prophylaxis for TJA across a broad range of implementation
costs, PJI baseline rates, and PJI costs. This study reveals a low ARR
threshold for which implementation of PSL may be economically
feasible. While there is no study reporting the estimated ARR for
TJA, the aforementioned studies provide a general ARR range of
8.5%-17.5% for orthopedics. Even if the true ARR of PSL in TJAwas as
low as one-tenth of the lower end of this estimate, it would still be
cost-effective by the thresholds of our study. Since trials on infec-
tion rates following TJAs are highly cost-prohibitive due to the need
for a very large sample size, we believe this study is especially
helpful because it provides a framework for physicians and hospi-
tals to calculate the break-even point for the use of PSL.

There are several limitations to this study. There are limited data
on the efficacy of PSL despite it being a widely used method in
orthopedics for not only infection prophylaxis but also acute
treatment. There is also no consensus on the optimal irrigation
solution for PJI management [36]. While the true efficacy of PSL vs
other irrigation methods and solutions is uncertain, we believe that
the merit of this study lies in our finding that it has an extremely
low threshold for cost-efficacy. Individual centers and surgeons
may use the methods and ARRs outlined here as a benchmark for
which to perform their own cost analysis based on their local
infection rate data.

Moreover, the PJI infection rates and cost estimations are based
on literature review and may vary between institutions. While
modeling is useful for averages, it does not consider outlier cases or
complex patients with multiple medical comorbidities that have a
higher individualized risk of complications and associated costs. In
addition, computation of the true cost of implementing infection
prophylaxis protocols is a complicated process that would include
not only material cost but also costs such as additional operation
time and staffing costs which are difficult to represent in a simple
economic model. Nonetheless, we believe this model still provides
a valuable method of rapidly assessing the cost-effectiveness of
adding PSL to a TJA pathway. Much of this variability in cost may
come from the volume of saline used, which only accounts for
about one-third of the cost of the protocol. Even if twice the amount
of saline were used (bringing the cost to about $50), the required
ARR would not be significantly affected, and this larger volume (6
liters) would exceed that mentioned in the few studies in the
literature [20,21].

In addition, we recognize that our infection rate data are based
on national estimates, which can vary depending on patient pop-
ulations. However, we used a conservative approach in our esti-
mates which may underestimate rates in real-world practice.
Furthermore, we demonstrated that initial infection rates do not
alter the necessary ARR for cost-effectiveness.

As for the cost of treating infection, we recognize that these
estimates are of total hospital costs and cannot delineate the
multitude of variations that can occur between 2 different hospital
stays, nor the additional cost of noncovered charges, future oper-
ations and complications, readmissions, and follow-up visits. As a
result, the values we used may in fact underestimate the true cost
of PJI. Sincewe have demonstrated cost-effectiveness at such a low-
cost threshold, implementing PSLmay in fact bemore economically
viable than this study predicts.

Conclusions

This break-even analysis demonstrates that PSL is widely cost-
effective in the prevention of PJI after TJAs. At our institutional
cost of $38.28, PSL would be cost-effective if the difference from
baseline infection rate has an ARR of 0.12% for TKA and 0.10% for
THA, making it economically justified if it prevents infection in just
1 out of 839 and 1037 cases, respectively. The cost-effectiveness
remains similar across a broad range of initial infection rates as
well as a range of costs for both the protocol and infection treat-
ment. Notably, the required ARR does not change with variations in
the initial infection rate, nor does it vary widely with costs asso-
ciated with infection. Evenwith realistic variations in the volume of
saline used, the required ARR for cost-effectiveness was not widely
altered. This model may be tailored by physicians and hospitals
seeking to determine the unique break-even points for infection
prophylaxis protocols. While future studies will need to determine
the true ARR of PSL following TJAs, this study demonstrates that PSL
has a low threshold to break even.
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