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Abstract

Background Revision THA represents approximately 5% to
10% of all THAs. Despite the complexity of these procedures,
revision arthroplasty service lines are generally absent even at
high-volume orthopaedic centers. We wanted to evaluate
whether financial compensation is a barrier for the de-
velopment of revision THA service lines as assessed by RVUs.
Questions/purposes Therefore, we asked: (1) Are physi-
cians fairly compensated for revision THA on a per-minute
basis compared with primary THA? (2) Are physicians
fairly compensated for revision THA on a per-day basis
compared with primary THA?

Methods Our deterministic financial model was derived
from retrospective data of all patients undergoing primary or
revision THA between January 2016 and June 2018 at an
academic healthcare organization. Patients were divided into
five cohorts based on their surgical procedure: primary THA,
head and liner exchange, acetabular component revision
THA, femoral component revision THA, and combined
femoral and acetabular component revision THA. Mean
surgical times were calculated for each cohort, and each
cohort was assigned a relative value unit (RVU) derived from
the 2018 Center for Medicaid and Medicare assigned RVU

Each author certifies that neither he or she, nor any member of his or her immediate family, has funding or commercial associations
(consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conflict of interest in connection

with the submitted article.

Clinical Orthopaedics and Related Research® neither advocates nor endorses the use of any treatment, drug, or device. Readers are
encouraged to always seek additional information, including FDA approval status, of any drug or device before clinical use.
Each author certifies that his or her institution approved the human protocol for this investigation and that all investigations were

conducted in conformity with ethical principles of research.

This work was performed at NYU Langone Health, New York, NY, USA.

J. E. Feng, L. H. Schoof, J. A. Gabor, J. Padilla, J. Slover, R. Schwarzkopf, Department of Orthopedic Surgery, NYU Langone Health, New York,

NY, USA

J. E. Feng, Department of Orthopedic Surgery, Beaumont Health, Royal Oak, MI, USA

A. A. Anoushiravani, Department of Orthopedic Surgery, Albany Medical Center, Albany, NY, USA

J. Padilla, Department of Orthopaedic Surgery, Zucker School of Medicine at Hofstra Northwell Health, East Garden City, NY, USA

R. Schwarzkopf (=), Department of Orthopedic Surgery, NYU Langone Health, 301 E. 17th St., New York, NY 10003 USA, Email: schwarzk@

gmail.com

All IlCMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research® editors and board members are on file with

the publication and can be viewed on request.

{=), Wolters Kluwer

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.


mailto:schwarzk@gmail.com
mailto:schwarzk@gmail.com

1658 Feng et al.

Clinical Orthopaedics and Related Research™

fee schedule. Using a combination of mean surgical time and
RVUs rewarded for each procedure, three models were de-
veloped to assess the financial incentive to perform THA
services for each cohort. These models included: (1) RVUs
earned per the mean surgical time, (2) RVUs earned for a
single operating room for a full day of THAs, and (3) RVUs
earned for two operating rooms for a full day of primary
THAS versus a single rooms for a full day of revision THAs.
A sixth cohort was added in the latter two models to more
accurately reflect the variety in a typical surgical day. This
consisted of a blend of revision THAs: one acetabular, one
femoral, and one full revision. The RVUs generated in each
model were compared across the cohorts.

Results Compared with primary THA by RVU per minute,
in revision THA, head and liner exchange demonstrated a
4% per minute deficit, acetabular component revision
demonstrated a 29% deficit, femoral component revision
demonstrated a 32% deficit, and full revision demonstrated a
27% deficit. Compared with primary service lines with one
room, revision surgeons with a variety of revision THA
surgeries lost 26% potential relative value units per day.
Compared with a two-room primary THA service, revision
surgeons lost 55% potential relative value units per day.
Conclusions In a comparison of relative value units of a
typical two-room primary THA service line versus those
of a dedicated revision THA service line, we found that
revision specialists may lose between 28% and 55% of
their RVU earnings. The current Centers for Medicare and
Medicaid Services reimbursement model is not viable for
the arthroplasty surgeon and limits patient access to re-
vision THA specialists.

Level of Evidence Level IllI, economic and decision
analysis.

Introduction

Revision THA is a technically demanding procedure that is
frequently performed for instability, dislocation, aseptic
mechanical failure, and periprosthetic infection [4].
According to contemporary joint arthroplasty registries,
the THA revision burden ranges from 10% to 12% of all hip
arthroplasties [2, 27] and is projected to increase con-
comitantly with the rise in primary THA volume [21].
Currently, the mean hospital charge for a single revision
THA is estimated to be USD 54,533, with less-involved
revision procedures such as head and liner exchanges
having a mean cost of USD 42,245 [4]. In 2015 alone,
revision THA procedures were estimated to place a USD
3.8 billion annual cost burden on the US healthcare system,
up 290% from 2005 [11, 22].

To reduce Centers for Medicare and Medicaid Services
(CMS) spending on total joint arthroplasty, several al-
ternative payment models have been implemented with
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varying success. However, bundling payments for re-
vision procedures has not proven feasible because of the
inherent unpredictability of revision THA and its high risk
of associated complications [8]. As a result, physicians
are generally compensated under the traditional fee-for-
service reimbursement model in which services rendered
are coded using Current Procedural Terminology (CPT)
codes that correspond to a predetermined number of rel-
ative value units (RVUs). The number of RVUs associ-
ated with a CPT code is calculated based on physician
work (time, effort, and skill required), practice expenses,
and professional liability insurance expenses [1, 7]. A
conversion factor is then applied to convert RVUs to a
USD amount.

Prior studies have reported that the increased technical
demand of revision THA relative to that of primary THA
does not result in a proportional increase in total compen-
sation [3, 31, 33, 36]. One study reported that although sur-
gical time was 1.8 times greater for standard revision THA
than for primary procedures, the mean surgeon re-
imbursement was increased by only 1.3-fold. By their
estimates, a surgeon focusing exclusively on revision surgery
would face a reimbursement deficit between 32.5% to 50%
annually, depending on surgical complexity [36].

To our knowledge, there are currently few, if any,
healthcare institutions that have implemented a dedicated
revision arthroplasty service line. These service lines
would integrate healthcare services commonly used
during a revision THA episode of care, potentially
allowing for more reproducible patient outcomes, im-
proved healthcare performance monitoring, and maintain
the financial sustainability of these complex procedures.
In this regard, surgeons who have a higher volume of
revision procedures have been shown to produce better
outcomes, including lower mortality and fewer re-
revisions, than lower-volume revision arthroplasty sur-
geons [14, 18, 19]. However, under the -current
RVU-based system a dedicated revision arthroplasty
service line may be financially impractical. Specifically,
we wanted to model physician RVU reimbursements
under hypothetical revision and primary arthroplasty
service lines using historical data from a high-volume,
dedicated orthopaedic surgery hospital. By doing so, we
sought to determine whether a hypothetical dedicated
revision THA service line would inadequately
reimburse a revision THA service line compared with a
primary THA service line, creating a disincentive for
skilled arthroplasty surgeons to participate in such a
dedicated revision THA program.

In this study, we asked (1) Are physicians fairly com-
pensated for revision THA on a per-minute basis compared
with primary THA? (2) Are physicians fairly compensated
for revision THA on a per-day basis compared with pri-
mary THA?
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Patients and Methods

A deterministic financial modeling study was developed to
assess if orthopaedic surgeons are fairly incentivized to
perform revision THA when compared with primary THA.
We sought to answer this question by first evaluating the
amount of RVUs earned per surgical time expenditure for
primary and revision THA procedures:

RVUs earned
Operative Time (Minutes)

To assess a relative percentage gain (positive value) or
loss (negative value) when compared with a control pro-
cedure, the following formula was derived:

Test procedure RVUs/Operative Time (Min) — Control procedure RVU /Operative Time (Min)

acetabular revision (acetabular cup), femoral revision
(femoral stem and head), and full revision (all components
replaced). Patients who underwent irrigation and
débridement without hardware exchange, removal of
hardware without reimplantation of hardware, or place-
ment of antibiotic spacers were excluded from the study. In
total, 3920 patients underwent primary THA and 399 un-
derwent revision THA. Of the patients undergoing revision
THA, 101 had head and liner exchanges, 108 had acetab-
ular component revisions, 96 had femoral revisions, and 94
had full revision THAs (Table 1). Patients who underwent
repeat surgery were not excluded from the study as our
primary datapoint of interest was mean surgical time for a
designated procedure. All retrospective data was derived

x 100%

Control procedure RVU [Operative Time (Min)

As our study was designed to assess revision THA RVU
gain and loss relative to primary THA, the formula was
transformed to the following:

from prospectively collected, standard of care data at an
academic, urban, orthopaedic hospital. Mean surgical time
was extracted and used for our deterministic financial
model. RVU were assigned to each of the five cohorts
based off the 2018 CMS RVU [7].

Revision THA RVUs/Operative Time (Min) — Primary THA RVU /Operative Time (Min)

Primary THA RVU /Operative Time (Min)

This formula was initially applied to assess relative RVU
gains and losses for performing a single revision THA.
Secondary analyses were performed to assess the effect of a
full operative day by accounting for operating room turnover
and time constraints of a typical operative day.

Using Microsoft SQL Server Management Studio
(Redmond, WA, USA), we queried our institution’s elec-
tronic data warehouse, Epic Caboodle (Verona, WI, USA),
for all patients undergoing unilateral primary or revision
THA between January 2016 and June 2018. Revision THA
consisted of all comers, including aseptic loosening,
prosthetic hip dislocation, polyethylene wear, and peri-
prosthetic joint infection. Surgical encounters were sub-
sequently separated into five distinct cohorts based on
surgical implant logs derived from the electronic data
warehouse query: primary THA, THA with liner exchange
(polyethylene liner and/or femoral head replacement),

Variables, Outcome Measures, Data Sources, and Bias

Variables and Data Sources

We extracted data on patient demographics (age, sex, race,
BMI, American Society of Anesthesiology score, smoking
status, ZIP code, and insurance type) and inpatient admis-
sion data (surgery type, surgical time, length of stay, and
discharge information).

Outcome Measures and Derivation
We developed three deterministic financial models based on
the Medicare RVU to assess the financial incentives, or lack

thereof, for a revision THA service line. These three models
included: (1) comparing RVU per mean operative time
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Table 1. Demographics of patients undergoing primary THA and those undergoing revision THA

Primary THA Head and liner Acetabular Femoral Full revision

Demographics n = 3920 n=101 n=108 n=96 n=94 p value
Age (years) 64 = 11 66 = 11 65 = 11 67 £ 11 63 =13 < 0.05
Sex 0.79

Female 57% (2246) 58% (59) 60% (65) 52% (50) 60% (56)

Male 43% (1674) 42% (42) 40% (43) 48% (46) 40% (38)
BMI (kg/m?) 29+ 6 29+ 6 29+ 6 307 30+ 7 0.31
American Society of < 0.001
Anesthesiologists score

1 5% (199) 1% (1) 0% (0) 3% (3) 0% (0)

2 58% (2260) 47% (47) 50% (54) 47% (45) 32% (30)

3 35% (1356) 44% (44) 46% (49) 44% (42) 62% (58)

4 3% (105) 9% (9) 5% (5) 6% (6) 6% (6)
Smoking status 0.17

Current smoker 10% (402) 10% (10) 13% (14) 10% (10) 15% (14)

Former smoker 37% (1453) 45% (45) 46% (50) 34% (33) 38% (36)

Never smoker 52% (2023) 43% (43) 39% (42) 53% (51) 46% (43)

Unknown 1% (42) 3% (3) 2% (2) 2% (2) 1% (1)
Race 0.26

Black 12% (454) 11% (11) 14% (15) 17% (16) 18% (17)

Asian 2% (81) 0% (0) 2% (2) 4% (4) 3% (3)

Other/unknown 10% (389) 11% (11) 9% (10) 1% (11) 14% (13)

White 76% (2996) 78% (79) 75% (81) 68% (65) 65% (61)
Insurance type < 0.001

Commercial 45% (1745) 23% (23) 32% (35) 22% (21) 32% (30)

Medicaid 8% (301) 7% (7) 8% (9) 6% (6) 18% (17)

Medicare 47% (1828) 68% (69) 57% (62) 66% (63) 48% (45)

Workers compensation/ 1% (46) 2% (2) 2% (2) 6% (6) 2% (2)

no fault
Surgical time (minutes) 97 * 32 111 £ 42 150 £ 56 163 = 58 194 = 84 < 0.001
Length of stay (days) 2+2 4*4 + 5=+ 7+8 < 0.001
Discharge

Acute rehabilitation 2% (83) 3% (3) 6% (7) 6% (6) 10% (9) < 0.001

Home with self-care 76% (2995) 74% (75) 71% (77) 56% (54) 49% (46)

Home with health services 12% (452) 3% (3) 2% (2) 2% (2) 3% (3)

Other 0% (6) 1% (1) 0% (0) 0% (0) 1% (1)

Skilled nursing facility 10% (384) 19% (19) 20% (22) 35% (34) 37% (35)

Data are presented as the mean = SD or % (n).
Self-reported patient race obtained during patient registration.

expenditure for primary versus revision THA; (2) comparing
daily RVU earning for primary THAs performed in a single
operating room versus revision THAs performed in a single
operating room; and (3) comparing daily RVU earnings for
primary THAs performed in two operating rooms versus
revision THAs performed in a single operating room.

For Model 1, RVUs per minute losses were calculated
based on mean surgical time, excluding operating room
turnover time, as illustrated by the equation below:

{
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Percentage RVU per minute deficit for revision THA:

Revision RVU /min — Primary RVU /min
Primary RVU /min

In Model 2, the length of the surgical day was 9 hours
(8 aM - 5 pm). Additionally, the total time for THA was
determined to be the mean surgical time for THA plus an
additional 30 minute for operating turnover time. While
surgeons participating in primary THA services were

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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able to perform 5 surgeries, those partaking in a revision
service demonstrated lower operative volumes of four
THAs for head and liner exchange, three THAs for ac-
etabular revisions, three THASs for femoral revisions, and
two THAs for full revisions. To make a more conser-
vative estimate of revision THA losses, the last revision
THA of'the day was permitted to exceed the allotted total
daily surgical time of 9 hours: head and liner exchange -
7 minutes extra; acetabular - 0.5 minutes; femoral - 8
minutes; full revision - 40 minutes. Conversely, primary
THASs were only allotted the surgical day timespan.

To better assess how revision services may affect surgeon
reimbursements for a mixed revision operative day and how
they would fluctuate with differing levels of participation
during a 2-day operative week, revision volumes were blended
together. Given the equal distribution of the acetabular, fem-
oral, and full revision cohorts, a daily blend of one acetabular
component revision, one femoral component revision, and one
full revision was used. Head and liner exchanges were ex-
cluded. Daily losses were calculated as follows:

Percentage RVU deficit for revision THA service day:

Absolute RVU Difference
Primary RVU /day

In Model 3, the volume of primary THA was increased
to eight procedures per day to simulate use of a second
operating room. Primary THA daily procedural was vol-
ume was conservatively set at eight procedures per day to
favor revision THA. All subsequent calculations were
identical to that of Model 2. Models 2 and 3 were further
extrapolated to 1-week and 1-year models for a hypothet-
ical surgeon operating twice per week.

Bias

Our study is a retrospective analysis of all-comers to a single,
urban, academic, tertiary healthcare system. Potential arecas
of bias include selection bias, transfer bias, and assessor bias.
Selection bias was minimized in our study by including all-
comers of primary and revision total hip arthroplasty.
Arguably, as a tertiary, academic healthcare system our
patient population may differ from other healthcare systems.
Transfer bias was minimal in our study as patient follow-up
was limited to the surgical encounter only. Therefore, no
patient was lost to follow-up and our data was complete.
Assessor bias was minimal in our study because all data was
derived from prospectively collected, standard of care data
(for example, surgical start/stop time, patient demographics,
CMS-defined RVUs, etc.). One potential source of assessor
bias, however, was the volume of potential surgical proce-
dures performed by a single surgeon. A conscious attempt
by the authors was made to provide financial advantages to
the revision THA service line. These included allowing the

revision THA service line to exceed the allotted surgical day
duration in Models 2 and 3 and not accounting for variability
in surgical time for revision THA, which likely decreased
the daily surgical volume for the revision THA service line.
As such, we believe our estimates are conservative and are
biased towards outcomes that favor the current RVU system
to be fair in compensation for revision THA.

Demographics, Description of Study Population

The mean age was older for patients undergoing head and
liner exchange (66 = 11 years), acetabular revision (65 = 11
years), and femoral revision (67 £ 11 years) than for those
undergoing primary (64 = 11 years) or full revision (63 = 13
years) THA (p < 0.05). The American Society of
Anesthesiology score was higher for patients undergoing
revision THA (ASA 3 and 4 head and liner, 53%; acetabular,
51%; femoral, 50%; full revision, 68%) than for those un-
dergoing primary THA (ASA 3 and 4 38%; p <0.001). There
was an increased prevalence of commercial insurance among
patients undergoing primary THA (primary, 45%; head and
liner, 23%; acetabular, 32%; femoral, 22%; full revision,
32%), and increased prevalence of Medicare and Medicaid
insurance (primary, 55%; head and liner, 75%; acetabular,
65%; femoral, 72%; full revision, 66%) in patients un-
dergoing revision THA (p <0.001). Surgical time was longer
among patients undergoing revision THA (primary, 97 = 32
minutes; head and liner, 111 *= 42 minutes; acetabular, 150
=+ 56 minutes; femoral, 163 * 58 minutes; full revision, 194
*+ 84 minutes) than among those undergoing primary THA
(p < 0.001). In addition, more patients undergoing revision
THA were discharged to a skilled nursing facility than those
undergoing primary THA (Table 1). Several demographic
variables including sex, BMI, smoking status, and race did
not vary between the cohorts (Table 1).

All patients undergoing revision THA were used for this
point of care study. Data regarding demographics, implant
type, and surgical time were derived from our electronic
health record. All missing data from our original query
were obtained through manual chart review.

Statistical Analysis, Study Size

This study was an economic modeling study of the data
available to us in our electronic health records. Subgroups
were defined by their surgical treatment modality. ANOVA
tests were performed for patient baseline demographics. All
other analyses were performed as described above. Initial
analyses demonstrated differences in patient demographics
between the groups. Although patient morbidity and de-
mographics are likely to affect postoperative patient out-
comes, they do not alter the RVUs awarded to each surgical
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procedure as described by the CMS. The deterministic fi-
nancial models in this study were developed to evaluate the
distribution of RVUs with respect to surgical complexity
when assessed by surgical time. Therefore, we did not adjust
for differences in patient demographics in the deterministic
financial models. Lastly, we did not perform a sensitivity
analysis in our study because the only input for uncertainty
in our study was surgical time. Statistical calculations and
graphical visualizations were performed using MatLab
2018a (The MathWorks Inc, Natick, MA, USA).
Significance was taken as p < 0.05.

Results

Are Physicians Fairly Compensated for Revision THA
on a Per-minute Basis Compared with Primary THA?

When comparing revision THA with primary THA in a
model that evaluated RVU earnings on a per-minute basis, we
found that surgeons performing revision THA accrued RVU
deficits compared with those performing exclusively primary
THA. Head and liner exchange demonstrated a 4% per
minute deficit, acetabular component revision demonstrated a
29% deficit, femoral component revision demonstrated a
32% deficit, and full revision THA demonstrated a 27%
deficit in revision THA (Table 2).

Are Physicians Fairly Compensated for Revision THA
on Per-day Basis Compared with Primary THA?

Single-room Primary THA versus Single-room Revision
THA (Per Day)

Under Model 2, surgeons performing exclusively revision
surgery in a single-room setting accrued large RVU deficits
compared with surgeons performing primary THA in a
single-room setting. This resulted in a 12% RVU deficit for
head and liner exchanges, 34% RVU deficit for acetabular
revisions, 31% RVU deficit for femoral revisions, and 42%
RVU deficit for full revisions in single-room revision THA,
compared with single-room primary THA.

Compared with primary service lines with one room, re-
vision surgeons lost 26% potential RV Us for an operative day
with mixed surgical volume (one acetabular revision, one
femoral revision and one full revision). When a single room
primary THA versus revision THA with mixed surgical
volume was extrapolated to a 2-day operative week, surgeons
partaking in more operative days on a revision service team
had a greater deficit in RVU (1-day revision service: 26.92
RVU deficits per week, or 1399.84 RVU deficits per year
[13%]; 2-day revision service: 53.84 RVU deficits per week,
or 2799.68 RVU deficits per year [26%] Fig. 1 and Table 3).
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{=), Wolters Kluwer

=

Double-room Primary THA Versus Single-room Revision
THA (Per Day)

Under a model that allowed surgeons to run two rooms for
primary THA and a single room for revision THA, primary
THA volume increased from five surgical procedures to eight
surgical procedures per day. Revision THA volume did not
change. This resulted in a 45% RV U deficit for head and liner
exchanges, 59% RVU deficit for acetabular revisions, 57%
deficit for femoral revisions, and 63% RVU deficit for full
revisions compared with double-room primary THA.

Compared with a two-room primary THA service, re-
vision services with a blended load (one acetabular, one
femoral, and one full revision THA) experienced a decrease of
55% RVUs per day. When modeled for 2 operative days per
week, participation in 1 day of the revision THA service and
1 day of primary THAs resulted in a decrease of 27% in
potential RVU earnings (89.08 RVUs per week and 4632.16
RVUs per year) compared with a double-room primary THA
service (Fig. 1). Surgeons partaking full-time in a revision
service line (2 days per week) saw an even greater decrease in
potential RVU earnings of 54% (178.16 RVUs per week;
9264.32 RVUs per year).

Discussion

Revision THA is a challenging surgical procedure, even for
the arthroplasty-trained subspecialist. Although prior studies
investigating compensation for revision THA compared
with primary THA suggest that it may be undervalued, few if
any provide precise estimates as to the magnitude that re-
vision THA may be undervalued and how it might be af-
fected by the surgical time or revision type [3, 16, 33, 36].
Therefore, we performed a modeling study to calculate the
impact of these practice settings on RVU generation in a
hypothetical primary THA service line compared with a
hypothetical revision THA service line. Our models cor-
roborated the findings of the prior studies and demonstrated
revision surgeries were substantially undervalued as a
function of time and complexity, potentially resulting in
RVU deficits as high as 54% for surgeons dedicating two
full OR days a week for revision surgeries. Even in more
conservative models, comparing primary THAs to a mix of
revision surgeries performed in one OR for one day, sur-
geons faced a deficit 0f26% of their potential RVUs per day.
These deficits disincentivize surgeons from performing re-
vision surgery, potentially limiting patients access to
fellowship-trained arthroplasty surgeons.

This study is not without limitations. In this study, the
revision THA cohort had a greater percentage of patients
who were discharged to a skilled nursing facility with a
longer mean length of stay. They were also more likely to
have higher American Society of Anesthesiology scores and
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Table 2. Single-room primary versus single-room revision THA
Head/ Full
Procedure Primary THA liner Acetabular Femoral revision Mixed®
Surgical time (minutes) 97 + 32 111 =42 150 =56 163 £ 58 194 * 84
RVUs 20.72 22.70 22.70 23.70 30.28
Model 1: Single surgery
(RVU/operative minute)
Percentage RVU deficit RO i -4% 29%  -32%  -27%
for revision THA per minute
Model 2 & 3 variables:
Surgical day 8 AM to 5 PM 8 Am 8 AM 8 Am 8 AM 8 Am
to 5 pm to 5 pm toS5m to5pm to5pm
Surgical day (hours) 9 9 9 9 9 9
Estimated turnover time 30 30 30 30 30 30
(minutes) duration
Turnover and surgery 131 141 180 193 224
time (minutes)
Model 2: Single-room primary
versus single-room revision
Estimated surgical procedures S40_min 5 cases ~ 4P ~3 ~ 3P ~20  ~ 3P
performed
Total RVUs 103.60 90.80 68.10 71.10 60.56 76.68
Absolute RVU difference Primary RVU/day — Revision RVU/day  12.8 35.50 32.50 43.04 2692
Percentage RVU deficit for T -12% -34% 31%  -42%  -26%
revision THA service day
Double-room primary versus
single-room revision
Estimated surgical procedures 8 ~ 4P ~ 3P ~3P ~ 2P ~ 3P
performed
Total RVUs 165.76 90.80 68.10 71.10 60.56 76.68
Absolute RVU difference Primary RVU/day — Revision RVU/day 74.96 97.66 94.66 10520 89.08
Percentage RVU deficit Absolute _RVU__Difference -45% -59% -57% -63%  -54%

for revision THA service day

Primary RVU/day

“Mixed RVU procedure load was calculated by including one acetabular, one femoral, and one full revision in a single surgical day.

PSurgical day exceeded 540 minutes by 10 to 50 minutes.

be insured by Medicare or Medicaid, both of which have
been associated with worse postoperative outcomes [5, 10,
15, 20, 23, 25]. This difference may in part be attributed to
Medicare eligibility as patients undergoing revision THASs
were more likely to be 65 years and older. Without the actual
implementation of a revision THA service, true costs sav-
ings or losses associated with such a service can only be
speculated. However, the goal of the current study was to
apply historical data to elucidate why technically competent,
high-volume surgeons may not be incentivized to perform a
high volume of complex revision THAs.

Additionally, our model did not account for the large
variability in surgical time for revision THA (primary THA
* 31.63 minutes versus revision THA * 84.23 minutes),
which can further reduce the surgical volume in an allotted
operating room day. As result, it is likely that our estimates

of the surgical volume and percentage deficit are conserva-
tive estimates of the true deficit of engaging in a revision
THA service. Furthermore, a breakdown of surgical com-
plexity (for example, full revision of aseptic components
versus well fixed components) was not accounted for in this
study because CMS does not adjust RVUs based on surgical
complexity. Finally, one factor that plays a role in the op-
erative time required to complete a revision surgery is sur-
geon skill and experience. In one example for TKA, the
expected reduction in operative time for a surgeon after 25
years in practice was 51 minutes [26]. Although surgeon
skill would offset some of the possible RVU deficit, even
using our conservative model, the operative time for a full
revision would need to consistently be one hour faster to be
compensated equivalently to that of a primary THA on a
RVU/minute basis, without considering the increased
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Table 3. RVU losses for a simulated calendar of 2 operating room days per week

RVU losses revision vs primary THA service lines

Revision days
Primary days
Revision TKA vs
Single room primary

Primary:revision cases performed 10:0

Weekly RVU loss

Annual RVU loss

Percentage loss
Double room primary

Primary:revision cases performed 16:0

Weekly RVU loss
Annual RVU loss
Percentage loss

0.00%

0.00%

1 2
1 0
5:3 0:6
26.92 53.84
1399.84 2799.68
13% 26%
8:3 0:6
89.08 178.16
4632.16 9264.32
27% 54%

RVU deficits concomitantly increased with more days dedicated to revision THA days per week.

variability of revision surgery and more challenging post-
operative care many of these patients need.

Are Physicians Fairly Compensated for Revision THA
on a Per-minute Basis?

Our model found that surgeons performing exclusively re-
vision THA consistently accrued per-minute RVU deficits
compared with those performing exclusively primary THA,
with larger deficits arising as more-complex revision pro-
cedures were considered. These results support the previous
findings that the mean RVUs/minutes for primary THA are

Revision THA service line RVU loss
relative to 2 days primary THA
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Fig. 1 Revision THA service line potential RVU deficit for a simu-
lated operating room week. RVU deficits concomitantly increased
with more days dedicated to revision THA days per week.
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greater than those for revision THA, with a 4.2% increase in
compensation for the primary group [33]. Our study goes
further, breaking down the RVUs/minutes to look at each
specific revision surgery type, allowing surgeons to see
which specific revision types have the largest deficit and
impact on overall RVU deficits. For example, performing
head and liner exchanges rewards the same amount of RVUs
as longer and more technically challenging acetabular and
femoral revisions, resulting in a high RVU deficit for these
more complex procedures. The heterogeneity and inverse
relationship between surgical complexity and revision THA
demonstrates the inadequacy of the current RVU system.

Are Physicians Fairly Compensated for Revision THA
on a Per-day Basis Compared With Primary THA?

Surgeons performing exclusively revision surgery ac-
crued large RVU deficits compared with both single-room
or double-room primary THA models, largely due to a
lower daily operative volume for all categories of revision
THAs compared with primary THAs. Most notably,
with a conservative estimate of eight primary THAs per
day in the two-room model, our results demonstrated that
four to six fewer revision THAs could be performed
resulting in an RVU deficit of 54% to 63%, depending on
the revision type.

Our findings reaffirm those of previous studies that
illustrate the differences in reimbursement between pri-
mary and revision THA [3, 16, 33, 36]. One model
evaluated individual reimbursement differences using a
large national database, assuming seven primary THAs
or four revision THAs could be performed each surgical
day. This resulted in a difference in daily reimbursements

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.
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of USD 706.58, and an annual reduction of approxi-
mately USD 113,052 for a surgeon who performs solely
revision THA, similarly due to the reduction in surgical
volume [36]. Another study analyzed the operative time,
length of stay, and estimated blood loss in 80 patients
undergoing primary THA and 76 undergoing revision
THASs to determine the “percent effort” associated with
the surgical aspect of each procedure. By their analysis,
revision THA demonstrated a 1.66-fold greater percent
effort, while the surgeon compensation was increased by
1.3-fold compared with that of primary THA [16]. These
results were further corroborated in additional studies of
reimbursement for revision total joint arthroplasty ad-
vocating that current payment methods are inadequate
and fail to compensate for the greater time and effort seen
with revision arthroplasty [3, 6, 9, 30, 36]. Our current
analysis supports these authors’ findings and suggests
that the current reimbursement model disincentivizes
hospitals and surgeons from performing complex re-
vision THA, especially at the volume necessary to run a
dedicated revision service.

In the present analysis, revision THAs were catego-
rized into liner exchange, acetabular revision, femoral
revision, and full revision to better assess how the pro-
cedure type affects volume and reimbursements.
Although Tokarski et al. [36] stratified their results by the
complexity of revision, no prior study that we know of has
analyzed these categories of revision distinctly.
Additionally, our study accounts for fixed variables such
as turnover time. However, an additional consideration,
which is important for understanding the impact of a re-
vision service line on arthroplasty-trained orthopaedic
surgeons, is the use of two sequential operating rooms to
decrease turnover time in a primary THA service line.
This practice occurs frequently in orthopaedics and can
improve operational efficiency and output while enhanc-
ing patient access to experienced surgeons without com-
promising the outcomes of total joint arthroplasty [24, 29,
34, 35]. However, because of the unpredictable nature of
revision THA and its complexity, it would be prudent to
use a single room.

Other Relevant Findings

Although it is important to reach fair compensation for re-
vision THA, it is also imperative that the unintended con-
sequences of increasing the RVUs associated with revision
surgery be considered. Due to the budget neutrality law, any
increase in RVU expenditures for physicians’ services (by
more than 20 million) must be offset by decreases in pay-
ments for other services [28]. Therefore, increasing revision
RVUs may result in lower primary RVUs, decreasing overall
physician reimbursement and possibly shift surgeon incentive

Copyright © 2020 by the Association of Bone and Joint Surgeons.

toward revision THA. This may encourage surgeons to be
more liberal in their indications for revision THA.
Conversely, by failing to appropriately compensate physi-
cians for revision surgery, practices may move away from
performing any revisions, instead sending them to tertiary
care centers and limiting patient access to care in smaller and
more rural communities. In a recent study reviewing the re-
ferral trends in revision THA over the past 10 years at a single
tertiary referral institution, 83.6% of revision THAs were
referred from an outside institution, indicating a large revision
burden may already be present at tertiary referral centers [12].

Previous evidence suggests an advantage to surgeons
who perform more revision surgeries in terms of decreased
risk of re-revision surgery, decreased morbidity and mor-
tality, lowered 90-day readmission rates and shorter oper-
ating times compared with low-volume arthroplasty
surgeons [18, 19, 32]. In a setting where revision THA is
fairly compensated compared with primary THAs, one or a
few designated arthroplasty surgeons could perform the
majority of complex revision THAs to help facilitate re-
producible and improved patient outcomes. Additionally,
healthcare systems may be better poised to negotiate implant
pricing, which has shown success in primary THA service
lines [13, 17], and develop specialized care pathways spe-
cific to revision hip arthroplasty.

The current reimbursement model does not adequately
compensate surgeons for the increased time and effort re-
quired for revision THA. Our results indicate that a dedicated
revision THA surgeon may experience a 54% relative re-
duction in RVUs per day compared with a surgeon exclu-
sively performing primary THA in a two-room setting.
Although it is important to evaluate and adjust current com-
pensation for revision THA, an increase in RVU for these
surgeries must be offset by decreasing payment for other
orthopaedic services. Careful consideration must be given as
to how to attribute healthcare value that incentivizes revision
specialists to participate in a revision THA service line while
not unfairly shifting compensation away from primary THA.
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