(406)
COPYRIGHT 2021 © BY THE ARCHIVES OF BONE AND JOINT SURGERY

RESEARCH ARTICLE

Comparing Relative Value Units among Shoulder

Arthroplasty, Hemiarthroplasty, and ORIF for Proximal

Humerus Fractures in the Elderly: Which is Most
Worth Your Time?

Marine Coste, BA%; Vineet Aggarwal, BS'; Neil V. Shah, MD, MS?; David Kim, BS!; Omar K. Hariri, MD?; Louis M. Day, MD*;

Scott C. Pascal, MD?; Jaydev B. Mistry, MD?'; William P. Urban, MD?; William R. Aibinder, MD*;
y Y,
Arvind G. Von Keudell, MD?%; Nishant Suneja, MD!

Research performed at the Department of Orthopaedic Surgery and Rehabilitation Medicine, State University of New York (SUNY), Downstate Medical

Center, Brooklyn, New York, USA

Received: 31 August 2020 Accepted: 14 November 2020

Abstract

Background: Relative value units (RVUs) are assigned to Current Procedural Technology (CPT) codes and give
relative economic values to the services physicians provide. This study compared the RVU reimbursements for the
surgical options of proximal humerus fractures in the elderly, which include arthroplasty (reverse [RSA] and total [TSA]),
hemiarthroplasty (HA), and open reduction and internal fixation (ORIF).

Methods: Using the National Surgical Quality Improvement Program, a total of 1,437 patients of at least 65 years
of age with proximal humerus fractures between 2008 and 2016 were identified. Of those, 259 underwent RSA/TSA
(CPT code 23472), 418 underwent HA (CPT codes 23470 and 23616), and 760 underwent ORIF (CPT code 23615).
Univariate analysis compared RVU per minute, reimbursement rate, and the average annual revenue across cohorts
based on respective operative times.

Results: RSA/TSA generated a mean RVU per minute of 0.197 (SD 0.078; 95%CI [0.188, 0.207]), which was
significantly greater than the mean RVU per minute for 23470 HA (0.156; SD 0.057; 95%CI [0.148, 0.163]), 23616 HA
(0.166; SD 0.065; 95%CI [0.005, 0.156]), and ORIF (0.135; SD 0.048; 95%CI [0.132, 0.138]; P<0.001). This converted
to respective reimbursement rates of $6.97/min (SD 2.78; 95%CI [6.63, 7.31]), $5.48/min (SD 2.05; 95%CI [5.22,
5.74]), $5.83/min (SD 2.28; 95%CI [5.49, 6.16]) and $4.74/min (SD 1.69; 95%Cl [4.62, 4.87]). After extrapolation,
respective average annual revenues were $580,386, $456,633, $475,077, and $395,608.

Conclusion: RSA/TSA provides significantly greater reimbursement rates compared to HA and ORIF. Orthopaedic
surgeons can use this information to optimize daily procedural cost-effectiveness in their practices.

Level of evidence: Ill
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Introduction
roximal humerus fractures are a common injury
Ppattern sustained by the elderly as they are the
third most common osteoporotic fracture, after
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the distal radius and vertebrae (1). In addition, they
make up about 6% of all fractures in the Western world
(2). While different surgical management options for
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proximal humerus fractures exist, such as arthroplasty
(reverse [RSA] and total [TSA]), hemiarthroplasty (HA),
and open reduction and internal fixation (ORIF), there
is no consensus on the best treatment option (3, 4).
Additionally, the comparative economic value of these
procedures, in terms of relative value units per time, has
not been studied (5). Given the persistent surge in the
population over 65 years of age, management of proximal
humerus fractures are of continued importance (6).

The Centers for Medicare & Medicaid Services use
the resource-based relative value scale (RBRVS). The
RBRVS utilizes Relative value units (RVUs) to give
relative economic value to different Current Procedural
Terminology (CPT) codes (7). Each CPT code has a
preset number of RVUs that are calculated based on
physician work (wRVU), practice expense (peRVU), and
malpractice (mRVU). The physician work component,
which makes up the largest portion of the total RVUs,
is based on relative level of time, skill, intensity, effort,
and training to provide a specific service. The practice
expense component is based on practice costs such as
rent, equipment, supplies, and non-physician staff costs.
The malpractice component, which normally makes
up the smallest portion of the total RVUs, is based on
professional liability expenses. Each of these components
are also multiplied by a geographic practice cost index
(GPCI), which serves to adjust component values based
on differing costs across geographic areas. Ultimately,
a conversion factor is used to convert RVUs to dollar
amounts to determine compensation (8). While the RVU
attempts to incorporate all relevant reimbursement
factors, the literature has shown that there are still
discrepancies in relative time and effort spent versus
the amount of RVUs allocated in various other surgical
procedures (9-13). Knowledge of potential discrepancies
can lend to a better understanding of the economic worth
of a physician’s time. In turn, orthopaedists can optimize
procedural cost-effectiveness in their practice when
multiple treatment options exist for a specific condition.

These discrepancies have not been evaluated in the
setting of proximal humerus fractures, thus an exploration
into the assigned RVUs between different surgical
options for proximal humerus fractures is warranted.
The purpose of this study is to compare relative value
parameters in RSA/TSA, HA, and ORIF for proximal
humerus fractures in the elderly to determine which
surgical choice has higher proportional reimbursements.
Specifically, we focused on the mean operative time,
average RVU per minute, reimbursement rate, revenue
per day, and average annual revenue differences between
the three different surgical options.

Materials and Methods

The American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database was
employed to identify all patients older than 65 years
who underwent RSA/TSA, HA, and ORIF for proximal
humerus fractures between 2008 and 2016 (14).
Institutional Review Board approval was obtained.
RSA/TSA, HA, and ORIF procedures were identified
based on their CPT codes, which were 23472, 23470

RSA/TSA, HA, AND ORIF REIMBURSEMENT

and 23616, and 23615 respectively (15). Arthroplasty
using hemiarthroplasty (23470) and proximal humerus
fracture hemiarthroplasty (23616) were both included in
this analysis as both CPT codes were billed for proximal
humerus fracture cases. Proximal humerus fractures
were identified via International Classification of
Diseases, 9" revision, Clinical Modification (ICD-9-CM)
codes and the following codes were included: 812.00,
812.01, 812.09, 812.02, 812.03 (16). Operative times
for each patient were extracted from NSQIP. Raw wRVU
values and conversion factors were obtained from the
CMS and American Medical Association website (15, 17).
Since wRVU and conversion factors differ based on year,
the respective wRVU and conversion factors were used
based on the patient’s operation year. To convert RVUs
to dollars, wRVUs were multiplied by their respective
conversion factors. wRVUs were used instead of total
RVUs to maintain focus on the physician work portion of
the total RVU formula in addition to preventing the effects
of practice expense and malpractice on the analysis. An
assumed 10-hour workday was used for daily revenue
analysis. An assumed 160-day yearly operating schedule
was used to account for weekends, holidays, vacation
time, and clinic days as per past orthopaedic RVU analyses
in the literature (12, 13, 18). Univariate analysis using
SPSS Statistics version 25 (IBM Corporation, Armonk,
NY) compared operative time as well as relative value
parameters, such as RVU per minute, reimbursement
rate, revenue per case, revenue per day, and the average
annualized cost difference across cohorts.

Results

A total of 1,437 patients of at least 65 years of age were
identified, 259 of whom underwent RSA/TSA, 418 of
whom underwent HA, and 760 of whom underwent ORIF
for proximal humerus fractures. The mean operative time
for the RSA/TSA procedure was 130 minutes (SD 50.1;
95% CI[123.9,136.2]). The mean operative times for the
23470 and 23616 HA procedure were 130 minutes (SD
47.8;95%CI [124.1, 136.3]) and 127 minutes (SD 48.9%;
95%CI [120.2, 134.6]) respectively. The mean operative
time for the ORIF procedure was 104 minutes (SD 41.8;
95%CI [101.2, 107.2]) [Table 1]. Mean operative times
between RSA/TSA and 23470 and 23616 HA did not
differ significantly, however, all were significantly longer
than ORIF (P<0.001). The number of each type of surgery
per year is shown in [Figure 1], and the mean operative
time per surgery per year is reported in [Figure 2].

RSA/TSA generated a mean RVU per minute of 0.197
(SD 0.078;95%CI [0.188, 0.207]), which was significantly
greater than the mean RVU per minute for 23470 HA
(0.156; SD 0.057; 95%CI [0.148, 0.163]), 23616 HA
(0.166; SD 0.065; 95%CI [0.005, 0.156]), and ORIF
(0.135; SD 0.048; 95%CI [0.132, 0.138]; P<0.001) [Table
1]. There was no significant difference between the RVU
per minute for 23470 HA and 23616 HA (P=0.088). Using
respective conversion factors, reimbursement rates for
RSA/TSA, 23470 HA, 23616 HA, and ORIF were found to
be $6.97/min (SD 2.78; 95%CI [6.63, 7.31]), $5.48/min
(SD 2.05;95%CI [5.22,5.74]), $5.83 /min (SD 2.28; 95%CI
[5.49, 6.16]) and $4.74/min (SD 1.69; 95%CI [4.62,
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Figure 1. Number of each type of surgery per year.

4.87]) respectively. The mean RSA/TSA reimbursement
rate was significantly greater than both HA and ORIF
(P<0.001). There was no significant difference between
23470 HA and 23616 HA reimbursement rates (P=0.101).
Using the respective operative times, mean revenue per
case for RSA/TSA, 23470 HA, 23616 HA, and ORIF were
$907 (SD 361.194; 95%CI [862.657,951.049]), $713 (SD
267.008; 95%CI [679.392, 747.585]), $742 (SD 290.068;
95%CI [699.644, 784.971]), $495 (SD 176.574; 95%CI
[481.937, 507.084]), respectively [Table 1]. The mean
revenue per case for RSA/TSA was significantly greater
than for both HA and ORIF (P<0.001). There was no
significant difference between 23470 HA and 23616 HA
mean revenues per case (P=0.293).

Using mean operative time and assuming a 10-hour
workday, a physician can perform 4 RSA/TSA or HA
procedures or 5 ORIF procedures per day. Based on this,
revenue per day for RSA/TSA, 234470 HA, 23616 HA,
and ORIF would be $3,627, $2,854, $2,969, and $2,473
respectively [Table 1]. RSA/TSA generates a greater
revenue per day in comparison to both HA and ORIF
(P<0.001). There was no significant difference between
23470 HA and 23616 HA revenues per day (P=0.293).
Using revenue per day across 160 operating days, the
average annual revenues generated for RSA/TSA, 234470
HA, 23616 HA, and ORIF were $580,386, $456,633,
$475,077, and $395,608 respectively [Table 1]. When
combining 23470 HA and 23616 HA, the average annual
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Figure 2. Mean operative time per type of surgery per year.
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Table 1. Relative value analysis of reverse or total shoulder arthroplasty (RSA/TSA), hemiarthroplasty (HA 23470 and HA 23616), and open

reduction and internal fixation (ORIF) for proximal humerus fractures in the elderly (> 65 years old).

RSA/TSA HA (23470, 23616) ORIF P-value
n 259 418 (238, 180) 760
Operative Time 130 130,127 104 <0.001
RVU 2008-2009 22.47 17.15,18.19 12.12
RVU 2010-2013 22.65 17.89,18.37 12.30
RVU 2014 and after 22.13 17.89,18.37 12.30
RVU/min 0.197 0.156,0.166 0.135 <0.001
Reimbursement rate 6.97 5.48,5.83 4,74 <0.001
Revenue per case (USD) 907 713,742 495 <0.001
Cases per day 4 4 5
Revenue per day (USD) 3627 2854, 2969 2473 <0.001
Average Annualized Difference (USD) 580,386 464,718 395,608

revenue was $464,718. This revealed an average annual
difference (AAD) of $115,667 between RSA/TSA and HA
and an AAD of $184,777 between RSA/TSA and ORIF,
both in favor of RSA/TSA in elderly patients. Between
23470 HA and 23616 HA, the AAD was $18,444 in favor
of 23616 HA.

Discussion

RVUs are a basis of reimbursement for physicians.
The physician work portion of RVUs includes factors
such as time, skill, intensity, effort, and training (7).
While reflective of the physician work portion, RVU
compensation exhibited some discrepancies between
procedures, even of similar lengths (10,11). In the case
of proximal humerus fractures in the elderly, there are
no current studies comparing the RVU reimbursement
in a per time basis for the different surgical options. In
this study, we found that RSA/TSA had the greatest RVU/
min and reimbursement rate in comparison to 23470 HA,
23616 HA, and ORIF in elderly patients. This was the case
even with mean operative times between RSA/TSA and
HA not differing significantly. These results show that
more value is put on RSA/TSA in comparison to HA and
ORIF in terms of RVU compensation.

In the case of a physician’s practice, operative time
serves importance since it dictates the volume of
operations that can be performed in a day. Operative
time is also important in terms of infection rate as
longer operative times are associated with increased
infection rates. This trend has been shown across various
orthopaedic procedures such as total knee arthroplasties,
hip arthroplasties, arthroscopic rotator cuff repair,
and spine surgeries (19-22). Cheng et al. conducted a
systematic review that investigated operative time and
infection rate across various surgical subspecialties.
His pooled analysis for orthopaedic surgeries found an
84% increased likelihood of SSI with increased operative
time (P=0.0003) (22). Physicians should be wary of such
factors when analyzing cost-benefit analysis of different

surgical options.

Usingthe mean operative timesinahypothetical 10-hour
workday, we found that physicians can perform either 4
RSA/TSA or HA procedures or 5 ORIF procedures in a
single day. Even with higher daily volume of ORIF, RSA/
TSA daily revenue was greater than 23470 HA, 23616 HA,
and ORIF. When extrapolating to yearly revenues, RSA/
TSA was found to have an AAD of $115,667 over HA and
an AAD of $184,777 over ORIFE.

While shoulder arthroplasty has the highest payment
value per minute of all the surgical treatment options for
proximal humerus fractures, it is associated with a range
of postoperative complications. Glenoid component
failure, rotator cuff tear, pain and stiffness, and instability
are among the most common complications following
shoulder arthroplasty (23). In a study of over 19,000
TSA and RSA cases, the complication rate was found
to be 11% (24). One can therefore argue that although
shoulder arthroplasty has better payment value, it may
not be justified if complications are elevated. However, in
our cohort, the complication rate was 6.1% for TSA, 8.4%
for HA, and 5.7% for ORIF (not including transfusions),
which were not significantly different. Therefore, based
onourfindingsitdoes notseemlike TSA/RSAisassociated
with a higher rate of complications. In the above study
by Bohsali et al., the complication rate reported is not for
TSAs that are specifically for the treatment of proximal
humerus fractures, which can explain the difference in
results.

While hemiarthroplasties for proximal humerus
fractures are meanttobebilled underthe 23616 CPT code,
our data found that both hemiarthroplasty CPT codes,
23470 and 23616, were used for the same indication.
When comparing each group, the only significant
difference existed in the mean RVU (17.87 vs. 18.36;
P<0.001). While not significant, 23616 HA had a greater
revenue per day than 23470 HA ($2969 vs. $2854) and a
greater yearly revenue ($475,077 vs. $456,633).

Sodhi et al. conducted a similar RVU analysis on primary
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vs revision total knee arthroplasties (TKA) and found
that despite increased time and complexity of revision
TKAs, primary TKAs had greater RVUs per min compared
to revision TKAs (0.26 vs. 0.22; P<0.001) (12). Sodhi et
al. also conducted the same RVU analysis on primary vs
revision total hip arthroplasties (THA). Similarly, despite
increased time and complexity of revision THAs, primary
THAs had greater RVUs per min compared to revision
THAs (0.260 vs. 0.249; P<0.001) (13). Results such as
these showcase that the physician work portion of total
RVUs may not accurately depict the perceived time, skill,
and effort that goes into wRVUs.

Some limitations to this study are thatitisaretrospective
database study, limiting the data to the NSQIP database.
However, national patient data is more generalizable than
patient data from a single hospital. In addition, since RSA
and TSA procedures had the same CPT code, we could
not distinguish RVU data between the two procedures.
Furthermore, ORIF procedures may vary with complexity.
Despite these limitations, our results are valid.

When using the RVU model for RSA/TSA, HA, and ORIF
for proximal humerus fractures in the elderly, RSA/
TSA had greater RVU/min compensation in comparison
to 23470 HA, 23616 HA, and ORIF (0.197 vs. 0.156,
0.166, and 0.135; P<0.001). This translates to an AAD of
$115,667 in favor of RSA/TSA over the combined HA and
an AAD of $184,777 of RSA/TSA over ORIFE. Additionally,
it was found that all types of surgery had similar rates
of postoperative complications, reoperations, and
readmissions. Therefore RSA/TSA provides the highest

RSA/TSA, HA, AND ORIF REIMBURSEMENT

payment value per minute with similar postoperative
risks as the other surgical options. While this study shows
discrepancies in compensation rates in favor of RSA/
TSA, future studies showcasing why this disparity exists
are needed. This study provides insight for orthopaedic
surgeons to better understand the monetary value of
their time. In addition, orthopaedic surgeons can utilize
this information to increase the daily cost-effectiveness
of their practice.

Marine Coste BA!

Vineet Aggarwal BS?

Neil V. Shah MD MS!?

David Kim BS!

Omar K. Hariri MD!?

Louis M. Day MD!

Scott C. Pascal MD!

Jaydev B. Mistry MD!*

William P. Urban MD?

William R. Aibinder MD!*

Arvind G. Von Keudell MD?

Nishant Suneja MD?

1 Department of Orthopaedic Surgery and Rehabilitation
Medicine, State University of New York (SUNY) Downstate
Medical Center, Brooklyn, New York, USA

2 Department of Orthopaedic Surgery, Brigham and
Women'’s Hospital, Boston, MA, USA

References

. Calvo E, Morcillo D, Foruria AM, Redondo-Santamaria
E, Osorio-Picorne F, Caeiro JR. Nondisplaced proximal
humeral fractures: high incidence among outpatient-
treated osteoporotic fractures and severe impact
on upper extremity function and patient subjective
health perception. Journal of Shoulder and Elbow
Surgery. 2011; 20(5):795-801.

. Court-Brown CM, Caesar B. Epidemiology of adult
fractures: A review. Injury. 2006; 37(8):691-7.

. Yahuaca BI, Simon P, Christmas KN, Patel S, Gorman

RA, Mighell MA, et al. Acute surgical management

of proximal humerus fractures: ORIF wvs.

hemiarthroplasty vs. reverse shoulder arthroplasty.

Journal of Shoulder and Elbow Surgery. 2020;

29(7S):S32-540

van der Merwe M, Boyle M], Frampton CMA, Ball

CM. Reverse shoulder arthroplasty compared with

hemiarthroplasty in the treatment of acute proximal

humeral fractures. Journal of Shoulder and Elbow

Surgery. 2017; 26(9):1539-45.

Schumaier A, Grawe B. Proximal Humerus Fractures:

Evaluation and Management in the Elderly Patient.

Geriatric Orthopaedic Surgery & Rehabilitation.

2018;9:215145851775051.

United States Census Bureau. Older People Projected

to Outnumber Children for First Time in U.S.
History. [Internet]. Release Number CB18-41. 2018
[cited 2020]. Available from: https://www.census.
gov/newsroom/press-releases/2018/cb18-41-
population-projections.html
Jacobs JP, Lahey S], Nichols FC, Levett JM, Johnston GG,
Freeman RK, et al. How Is Physician Work Valued? The
Annals of Thoracic Surgery. 2017;103(2):373-80.
Conversion Factor adjusted for budget neutrality -
dollar amount used to convert RVUs into a payment
amount adjusted for budget neutrality to ensure
that total Medicare payments comply with allowed
total Medicare funding. [Internet]. Work. 2010 [cited
2020]. Available from: http://labor.alaska.gov/wc/
med-serv-comm/CMS_RVU_Calculations
Lorio M, Martinson M, Ferrara L. Paired Comparison
Survey Analyses Utilizing Rasch Methodology of
the Relative Difficulty and Estimated Work Relative
Value Units of CPT ® Code 27279. International
Journal of Spine Surgery. 2016; 10:40.
10.Shah DR, Bold R], Yang AD, Khatri VP, Martinez SR,
Canter RJ. Relative value units poorly correlate with
measures of surgical effort and complexity. Journal
of Surgical Research. 2014; 190(2):465-70.
11.Schwartz DA, Hui X, Velopulos CG, Schneider EB,



(411)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 9. NUMBER 4. JULY 2021

Selvarajah S, Lucas D, et al. Does relative value unit-
based compensation shortchange the acute care
surgeon? Journal of Trauma and Acute Care Surgery.
2014; 76(1):84-94.

12.Peterson ], Sodhi N, Khlopas A, Piuzzi NS, Newman
JM, Sultan AA, et al. A Comparison of Relative
Value Units in Primary Versus Revision Total Knee
Arthroplasty. The Journal of Arthroplasty. 2018;
33(7):S39-42.

13.Sodhi N, Piuzzi NS, Khlopas A, Newman M, Kryzak T],
Stearns KL, et al. Are We Appropriately Compensated
by Relative Value Units for Primary vs Revision Total
Hip Arthroplasty? The Journal of Arthroplasty. 2018;
33(2):340-4.

14.American College of Surgeons. ACS National Surgical
Quality Improvement Program [Internet]. [Cited
2020]. Available from: https://www.facs.org/quality-
programs/acs-nsqip

15.CMS. Physician Fee Schedule Search [Internet]. [Cited
2020]. Available from: https://www.cms.gov/apps/
physician-fee-schedule/search/search-criteria.aspx

16.CMS. CPT Codes [Internet]. 2014 |[cited 2020].
Available from: https://www.cms.gov/Medicare/
Coding/ICD9ProviderDiagnosticCodes/codes.html

17.AMA. Medicare Physician Payment Schedule
[Internet]. [Cited 2020]. Available from: https://
www.ama-assn.org/practice-management/
medicare-physician-payment-schedules

18.Sodhi N, Dalton SE, Garbarino L], Gold PA, Piuzzi
NS, Newman ]M, et al. Not all primary total hip
arthroplasties are equal—so is there a difference in

RSA/TSA, HA, AND ORIF REIMBURSEMENT

reimbursement? Annals of Translational Medicine.
2018;7(4):74.

19.Skramm I, Saltyt Benth ], Bukholm G. Decreasing time
trend in SSI incidence for orthopaedic procedures:
Surveillance matters! Journal of Hospital Infection.
2012; 82(4):243-7.

20.Agarwalla A, Gowd AK, Yao K, Bohl DD, Amin
NH, Verma NN, et al. A 15-Minute Incremental
Increase in Operative Duration Is Associated
With an Additional Risk of Complications Within
30 Days After Arthroscopic Rotator Cuff Repair.
Orthopaedic Journal of Sports Medicine. 2019;
7(7):2325967119860752.

21.RaviB,JenkinsonR, O’Heireamhoin S, Austin PC, Aktar
S, Leroux TS, et al. Surgical duration is associated
with an increased risk of periprosthetic infection
following total knee arthroplasty: A population-
based retrospective cohort study. EClinicalMedicine.
2019; 16:74-80.

22.Cheng H, Chen BPH, Soleas IM, Ferko NC, Cameron
CG, Hinoul P. Prolonged Operative Duration Increases
Risk of Surgical Site Infections: A Systematic Review.
Surgical Infections. 2017; 18(6):722-35.

23.Somerson |S, Hsu JE, Neradilek MB, Matsen FA.
Analysis of 4063 complications of shoulder
arthroplasty reported to the US Food and Drug
Administration from 2012 to 2016. | Shoulder Elb
Surg. 2018;27(11):1978-1986.

24.Bohsali KI, Bois AJ, Wirth MA. Complications of
shoulder arthroplasty. ] Bone Jt Surg - Am Vol
2017;99(3):256-269.



