JSES Reviews, Reports, and Techniques 3 (2023) 318—323

Contents lists available at ScienceDirect

JSES Reviews, Reports, and Techniques

journal homepage: www.jsesreviewsreportstech.org

Healthcare costs of failed rotator cuff repairs R

Check for
updates

Bradley L. Young, MD?, Alex Bitzer, MD*", Susan Odum, PhD*“", Nady Hamid, MD*",
Shadley Shiffern, MD?*", Patrick M. Connor, MD*"
2Department of Orthopaedic Surgery, Carolinas Medical Center, Atrium Health Musculoskeletal Institute, Charlotte, NC, USA

bOrthoCarolina Shoulder and Elbow Center, Sports Medicine Center, Charlotte, NC, USA
“OrthoCarolina Research Institute, Charlotte, NC, USA

ARTICLE INFO Background: The goal of this study was to estimate the short-term (~2 years) healthcare costs of failed
primary arthroscopic rotator cuff repair (RCR) in the United States.

Methods: A review of current literature was performed to estimate the number of RCR performed in the
United States in the year 2022 and the rate of progression of these patients to lose repair continuity,

reach clinical failure, and progress to nonoperative intervention and revision procedures. A review of the

Keywords:
Rotator cuff repair
Healthcare costs

Ezzgzrr?t?gn current literature was performed to estimate the costs incurred by these failures over the ensuing 2-year
Failure postoperative time period.

Complications Results: The direct and indirect healthcare costs of structural and clinical failure of primary RCR per-
Arthroscopy formed in 2022 are estimated to reach $438,892,670 in the short-term postoperative period. The ma-

jority of the costs come from the estimated $229,390,898 in nonoperative management that these
patients undergo after they reach clinical failure.
Conclusion: The short-term healthcare costs of failed arthroscopic RCR performed in the United States
in 2022 are predicted to be $438,892,670. Although RCR improves quality of life, pain, function, and is
cost-effective, there remains great potential for reducing the economic burden of failed RCR repairs on
the US society. Investments into research aimed to improve RCR healing rates are warranted.
Clinical Relevance: Although RCR improves quality of life, pain, function, and is cost-effective, this study
provides evidence that there remains great potential for reducing the economic burden of failed RCR
repairs on the US society. Investments into research aimed to improve RCR healing rates are warranted.
© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Level of Evidence: Level V; Literature Review

Rotator cuff repair (RCR) is one of the most commonly per-
formed orthopedic surgeries in the United States, and the incidence
is predicted to steadily increase.'” The surge in RCR procedure
volume is due in part to an increased prevalence of rotator cuff tears
secondary to an aging population that has higher rates of rotator
cuff disease.® The total cost for RCR is not trivial.”®

Even with the high costs associated with surgery, economic
analyses of primary RCR indicate that operative treatment de-
creases the societal burden of rotator cuff disease more effectively
than nonoperative management.* The subjective and functional
improvements demonstrated by studies of patients who under-
went RCR encourage patients and surgeons to proceed with sur-
gical management following rotator cuff disease diagnosis and
exhausting conservative treatment options.>'>>8

Institutional review board approval was not required for this literature review.
*Corresponding author: Susan M. Odum, PhD, OrthoCarolina Research Institute,
2001 Vail Avenue, Suite 300, Charlotte, NC 28207, USA.
E-mail address: Susan.odum@atriumhealth.org (S. Odum).
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Despite the positive functional outcomes and favorable societal
economics of RCR surgery, multiple studies document post-
operative failure of tendon-to-bone healing (ie, structural failure),
with averages between 20% and 40% and wide ranges from 8%-
949 3/6:714,23,25,2732,33,48 The heterogeneity of tear characteristics
and repair techniques used in different studies is likely a critical
driver of the variable results. Risk factors for primary RCR failure are
both patient-specific and surgeon-related, with the latter being
more modifiable.>'>*4*%> Structural RCR failure typically occurs
within 1 year of the index surgery®'' and is associated with sub-
optimal functional outcomes,*® which results in increased health-
care expenditures related to additional nonoperative treatment
and/or revision surgery.”> Downstream healthcare expenditures
accumulate as revision surgery is associated with higher failure
rates, inferior clinical outcomes, and higher associated surgical
costs compared to primary procedures.'®%°

To date, there is little literature evaluating the economic impact
of the relatively high failure rate of RCR. The goal of our study was
to estimate the relative short-term healthcare costs (estimated as
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approximately 2 years) of failed primary arthroscopic RCR in the
United States.

Materials and methods

This is an economic impact analysis of failed primary arthro-
scopic RCR performed in the United States in 2022 based on a re-
view of the literature. Specifically, the data used for this economic
analysis were obtained from the US Census Bureau and published,
peer-reviewed literature.*®

Incidence data

Colvin et al reported that the arthroscopic RCR incidence in the
United States increased from 8/100,000 to 58/100,000 people,
which represents an 11.5% annual increase between 1996 and
2006."° Using these data, the incidence of arthroscopic RCR in the
United States in 2022 was projected to reach 331/100,000 people
with a national estimated demand of 1,119,734 primary RCR sur-
geries in 2022** (See Supplementary Appendix A for more detail).

Failure of primary RCR was defined as tendon discontinuity (ie,
failure of tendon-to-bone healing) on advanced postoperative im-
aging. Based on previous literature, it is assumed that the RCR
radiological failure rate would not change after the first post-
operative year.>43 It was assumed that if an RCR is in continuity
at 1-year postoperatively, it will remain in continuity for the
duration of the short-term postoperative period®* (See
Supplementary Appendix B for more detail).

Based on the data reported by Sobhy et al, it was assumed that
the overall retear rate (loss of structural integrity on advanced
imaging) for modern repair techniques is 26.0%** (See
Supplementary Appendix C for more detail). Thus, it is calculated
that 291,355 (26.0% of 1,119,734) primary RCRs performed in 2022
would not have tendon-to-bone continuity at 1 year following
surgery.

Data reported by Kim et al and Namdari et al were averaged to
estimate that 38.5% of primary arthroscopic RCR that structurally
fail will also fail clinically?"*” (See Supplementary Appendix D for
more detail). Thus, it is calculated that 112,172 (38.5% of 291,355) of
primary RCR patients in 2022 will experience symptomatic tendon
discontinuity in their first postoperative year.

Cost data

It is assumed that the 112,172 failed RCR patients would undergo
6 weeks of nonoperative management in an attempt to improve
their shoulder symptoms. The estimated cost of nonoperative
management of rotator cuff disease in 2022 was $2045 per pa-
tient>? (See Supplementary Appendix E for more detail). Thus, the
short-term, total national healthcare expenditure for the initial
nonoperative management of failed symptomatic primary RCRs
performed in 2022 was estimated to be $229,390,898.

Patients who remain symptomatic following failed RCR may
elect 1 of 3 management pathways in the short-term: (1) decline
additional treatment, (2) proceed with revision RCR, or (3) proceed
with reverse shoulder arthroplasty (RSA). Based on recent peer-
reviewed published literature, the average rate of revision surgery
(revision RCR or revision to RSA) in patients with structural and
clinical failure of their index RCR was 8.1% (Namdari et al, 2 of 28;
Shim et al, 4 of 44).>”! Thus, 9348 (8.3% of 112,172) of primary RCR
performed in 2022 are estimated to have failed and underwent
subsequent revision RCR or RSA. Furthermore, all patients who
underwent a revision operation were assumed to undergo shoulder
magnetic resonance imaging (MRI) prior to this surgical interven-
tion. Based on the study by Westermann et al, the average cost of a
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shoulder MRl is predicted to be $2134 per patient after adjusting for
9% inflation rate from 2017 to 2022.%’ Thus, it is calculated that the
cost of MRIs for these patients who failed primary RCR both
structurally and clinically and elected to proceed with revision
surgery cost $19,939,868.

Revision RCR

It is assumed that the vast majority of patients aged less than 65
years who failed their primary RCR and remained significantly
symptomatic after an attempt at nonoperative management would
be offered and choose to pursue revision RCR rather than RSA.
Based on 2022 US Census data, 80% of the US population is under
the age of 65 years.*® Based on those US Census population metrics,
the mathematical extrapolations indicate that 7474 (80% of 9343) of
patients who underwent primary RCR in 2022 will undergo revi-
sion RCR by the end of 2024.%° The estimated revision RCR surgery
costs $17,098 per patient, which was also based on the 13.5%
inflation adjusted primary RCR costs reported by Mather et al.>°
Therefore, national economic burden of the estimated 7474 pa-
tients undergoing revision RCRs by the end of 2024 to treat failed
primary RCR performed in 2022 following subsequent failed
nonoperative management equates to $127,809,510.

Unfortunately, some of these revision RCR patients will have
acute postoperative complications, such as infection and stiffness.
The estimated national healthcare costs to manage just these 2
potential acute postoperative complications in 194 (2.6% of 7474)
patients who underwent revision RCR after failed primary RCR
performed in 2022 are $2,504,873°° (See Supplementary Appendix
F for more detail). As the study herein focuses on short-term costs,
it should be noted that we do not account for the predicted 11.1%
patients who undergo revision RCR that may undergo a rerevision
RCR surgery at an average 31 months after index procedure.>*

Reverse shoulder arthroplasty

It was assumed that the vast majority of patients aged more
than 65 years who failed their primary RCR and remained signifi-
cantly symptomatic after an attempt at nonoperative management
would be offered and would choose to pursue RSA rather than
revision RCR.%° In 2022, the US Census Bureau reports that 20% of
the US population is more than the age of 65 years.*® We computed
that 1869 (20% of 9344) of patients who underwent primary RCR in
2022 would undergo RSA to treat their persistent or recurrent
shoulder symptoms. The cost of RSA in 2022 was estimated to be
$30,340"° (See Supplementary Appendix G for more detail).
Therefore, the national economic burden of the estimated 1869
patients undergoing RSA by the end of 2024 to treat failed primary
RCR performed in 2022 following subsequent failed nonoperative
management equates to $57,640,609.

It is also important to consider the costs of potential acute
complications after RSA surgery. It is estimated that approximately
45 (2.4% of 1869) patients will undergo a two-stage procedure for
infection of RSAs performed after failed RCR at a cost of $42,470 per
episode’ (See Supplementary Appendix H for more detail). Based
on this computation, we project that the 2022 national peri-
prosthetic joint infection costs stemming from RSA for failed RCR is
$1,606,910. Furthermore, this current analysis focuses on short-
term costs, and it does not account for patients who have RSA for
irreparable cuff tears who may fail after the first year (which has
been reported to be as high as 13%).>°

This analysis does not account for any associated costs related to
patients who elected to accept a poor clinical outcome by declining
further treatment after failure of their primary RCR. In addition, it is
assumed that patients who have clinical failure after revision RCR
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and/or RSA would not undergo a third level of surgical manage-
ment within the short-term window of this financial analysis.

Results

The majority of the short-term healthcare costs stemming from
structural failure of primary arthroscopic RCR in the United States
in 2022 come from the estimated $229,390,898 in nonoperative
management that these patients undergo after they reach clinical
failure (Fig. 1). The sources of the remaining economic burden are
portrayed in Fig. 2.

Overall, the direct and indirect healthcare costs of structural and
clinical failure of primary RCR performed in 2022 are estimated to
reach $438,892,670 in the short postoperative period of approxi-
mately 2 years (Fig. 2).

Discussion

This study found that the indirect and direct healthcare costs of
failed primary RCR performed in the United States in the year 2022
will total nearly $440 million in the ensuing short-term post-
operative period. The majority (52%) of this economic burden is
incurred from attempted nonoperative management of these RCRs
that have structural and clinical failure.

RCR has repeatedly been shown to provide greater improve-
ment in pain and outcome scores compared to nonoperative
management.”®3>39 Specifically, a randomized control trial by
Moosmayer et al found that patients who underwent RCR have
significantly better Constant Scores, American Shoulder and Elbow
Surgeons score, pain-free abduction, and pain reduction at 12
months postoperatively compared to patients who were treated
with conservative management.>> Furthermore, Heerspink et al
found that disability and pain scores were significantly better in
patients who underwent RCR compared to nonoperative manage-
ment at 1 year postoperatively.”® Not only has RCR been shown to
improve the function and quality of life for patients, there has also
been shown to be a tremendous financial benefit to RCR. Mather
et al demonstrated that RCR can greatly reduce the economic
burden of this disease; specifically, RCRs performed each year in the
United States save approximately $3.44 billion to our economy over
the patients’ lifetimes.>® Despite these tremendous clinical and
financial benefits of RCR, published literature reports structural
failure of RCR to occur between 20% and 40% of the time (with
ranges reported from 8%-94%).3:0:#1423.25.2732.33 gophy et al pointed
out the significant potential for improving the economic impact of
this surgery due to its high structural failure rate of 26.0%.** The
analysis herein may be used by governing bodies and policy makers
to justify further funding, research, and development into
improving rotator cuff healing and therefore improving RCR out-
comes. For example, based on the computational model developed
in this study, for every 5% improvement in the rate of successful
structural healing of primary RCR repairs in the United States per
year, the short-term, downstream annual healthcare costs of
structural failure would decrease by more than $84 million
($84,33,7562).

Although RCR with structural failure can still be associated with
improved clinical outcomes, optimal outcomes are experienced by
patients with an intact repair.>®*? In their systematic review of the
peer-reviewed literature, Slabough et al reported that patients with
healed rotator cuffs after RCR, based on radiologic evaluation, had
statistically improved patient-reported outcomes and improved
forward elevation motion and shoulder strength as compared to
patients with nonhealed rotator cuffs.*? Cummins et al showed that
nonhealed repairs most commonly failed via the tendon pulling
through the sutures, suggesting that achieving tendon-to-bone
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PROPORTION OF TOTAL COST

Q Non-operative
@

Q Revision RCR
Q Conversion to RSA
O RSA Complications

Figure 1 Portrays how the transition probabilities over the short-term postoperative period
following RCR affect the residual patient cohort and demonstrate the estimated economic
burden associated with each step of the model associated with costs. MRI, magnetic reso-
nance imaging; RCR, rotator cuff repair; RSA, reverse shoulder arthroplasty.

229,390,898 L
RCR Complications

(Infections + Stiffness)

127,809,510

healing rather than relying on the suture to maintain the integ-
rity is imperative.!! Optimizing the biomechanical strength of the
repair constructs,*> improving the apposition of the tendon to the
original footprint,>! identifying patient risk factors for poor tendon-
to-bone healing,'® augmentation with biologic patches,®> and
idealizing postoperative therapy protocols are all primary goals of
researchers and clinicians who are attempting to improve rotator
cuff tendon-to-bone healing.

In addition to identifying that an improvement in the structural
healing rates of primary RCR can substantially decrease the
downstream economic burden of failure, this study also provides
evidence that significant healthcare savings could potentially be
obtained by optimizing the nonoperative management of patients
with structural and clinical failure following primary RCR. Many
patients will not respond favorably to nonoperative management,
including physical therapy, after failed RCR. A recent 2020 study by
Shim et al suggests that 51.9% of RCR patients presenting with
substantial symptoms and tendon discontinuity following primary
surgery will remain moderately to severely symptomatic following
the initial nonoperative management.*' The study by Shim et al
also provides evidence that patients with rotator cuff tendon
discontinuity on postoperative MRI at 6 months that were larger
than their index tear were more likely to have persistent, severe
symptoms (pain visual analog scale > 3) after nonoperative man-
agement.*! Additionally, Kim et al identified that younger age,
worker’s compensation claim, and lower education level were all
patients’ factors that were associated with poorer outcomes after
structural failure of RCR.?> Namdari et al performed a retrospective
analysis of patients with structural failure of their RCR and found
that patients who reported “labor-intensive occupations” repre-
sented a defined cohort at high risk for poor outcomes.>” Most
recently, another study by Kim et al stratified patients with struc-
tural RCR failure based on satisfaction scores at final follow-up.
They found that those with poor satisfaction scores after retear
were more likely to be female, active smokers, and had retears that
were equal or larger in size to their index tear.?! The aforemen-
tioned data can be used to identify symptomatic retears that are at
risk for failing costly nonoperative management and for tailoring
treatment toward those at risk.

Although this study was limited to healthcare costs associated
with structural failure of RCR, it should be recognized that this
model does not account for patients who will undergo primary
RCR in 2022, experience structural failure, experience clinical
failure, and decide not to undergo revision surgery (ie, live
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TRANSITION PROBABILITIES COHORT STATE INCURRED COSTS
338,289,857
July 1, 2022 U.S. Population
331/100,000
People undergo RCRin U.S.
in 2021 v
1,119,734
RCRs in 2022
26.0%
Rotator cuff discontinuity
v
-4
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ﬁ Rotator cuff discontinuity
'g $229,390,898
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g Fail clinically treatment
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s Undergo revision surgery Yy $17,101/revision RCR
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20 f’ pog;‘:g:\"’“ Undergo revision surgery $57,640,609
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< age 65, revision RCR $103,275
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2.5% $2,491,941 '
post-revision RCR stiffness $12,381/ stiffness episode
8 v
Post-op 194
2.4% infections | | Post-op 45 $1,606,910
PJl rate after RSA for failed RCR stiffness PJI $35,709/ PJI

Figure 2 A pie graph depicting the proportion of healthcare costs from various expected expenditures stemming from structural failure of primary arthroscopic RCR performed
in 2022. RCR, rotator cuff repair; RSA, reverse shoulder arthroplasty; MRI, magnetic resonance imaging; PJI, periprosthetic joint infection.

impaired). It has been shown that surgical management of rotator
cuff syndrome results in an average improvement of 0.62 quality
adjusted life years and estimated lifetime societal savings of
$13,771 per patient.? Further studies should be performed to
assess the societal economic burden (missed workdays, disability,
etc.) associated with RCR patients per year that may live with
suboptimal outcomes after failure.

This study has several limitations. First, this study is based on
a review of current literature; therefore, it relies on the accuracy
of previously published content. Second, the transition rates
extrapolated from available literature only allow for short-term
cost analysis. For example, our analysis does not account for
costly, suboptimal survivorship of RSA performed after failed
RCR.?3 1t is intuitive that costs from failed RCR will continue to
accrue through mid-term and long-term follow-up, but
attempting a cost-analysis past the short-term follow-up relies
more on expert opinion for transition rates and was considered
to be less accurate. Next, we were unable to identify costs
associated with the large number of patients who failed RCR and
were predicted to live with persistent suboptimal outcomes,
living in a suboptimal life state that may have costs associated
with missed workdays and lower quality of life. Finally, it should
be noted that this study does not account for patients who
clinically fail RCR but have no evidence of repair failure on im-
aging (ie, failures in continuity). It is important to note that all of
these limitations increase the risk for this study to underesti-
mate the short-term costs of failed RCR.
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Conclusion

The short-term healthcare costs of failed arthroscopic RCR
performed in the United States in 2022 are predicted to be
$438,892,670. Thus, the accumulated cost of short-term failures
through 2026 is predicted to supersede $2 billion. Although
RCR improves quality of life, pain, function, and is cost-
effective, there remains great potential for reducing the eco-
nomic burden of failed RCR repairs on the US society. In-
vestments into research aimed to improve RCR healing rates
are warranted.
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