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Abstract

Background: This study aims to investigate whether compensation is equitable among the most commonly performed
orthopedic hand surgeries and when compared with general orthopedic procedures. Methods: The National Surgical
Quality Improvement Program database was queried for all orthopedic procedures, from 2016 to 2018, performed more
than 150 times using Current Procedural Terminology (CPT) codes. Physician work relative value unit (wWRVU) data
were obtained from the 2020 US Centers for Medicare and Medicaid Services fee schedule. Linear regressions were
used to determine whether there was an association among wRVU, operative time, and wRVU per hour (wRVU/h).
Reimbursement for hand surgery CPT codes was compared with that of nonhand orthopedic CPT codes. The CPT codes
were stratified into quartile cohorts based on mean operative time, major complication rate, mortality rate, American
Society of Anesthesiologists class, reoperation rate, and readmission rate. Student t tests were used to compare wRVU/h
between cohorts. Results: Forty-two hand CPT codes were identified from 214 orthopedic CPT codes, accounting for
32 333 hand procedures. The median wRVU/h was significantly lower for procedures in the longest operative time quartile
compared with the shortest operative time quartile (P < .001). Compared with hand procedures, nonhand procedures
were found to have significantly higher mean operative time (P < .001), mean complication rate (P < .001), mean wRVU
(P = .001), and mean wRVU/h (P = .007). Conclusions: The 2020 Physician wRVU scale does not allocate proportional
WRVUs to orthopedic hand procedures with longer mean operative times. There is a decrease in mean reimbursement
rate for hand procedures with longer mean operative time. When compared with general orthopedic procedures, hand
procedures have a lower mean wRVU/h and complication rate.

Keywords: RVU, reimbursement, hand surgery, NSQIP, physician compensation, physician productivity, orthopedic
surgery

There has been an increased focus on understanding the
trends in the wRVU scale. Many studies have found a dis-
crepancy between the time it takes to perform a procedure
and the rate of RVU per hour of operative time (WRVU/h).
The Orthopedic literature has identified this discrepancy in
revision arthroplasty, ankle fractures, and spine fusions.>¢
This pattern has also been identified in the literature of

Introduction

The US health care system’s use of a fee-for-service model
in assigning physician compensation is unique when com-
pared with other industrial countries. The relative value unit
(RVU) system was established by the US Centers for Medi-
care and Medicaid Services (CMS) to standardize the phy-
sician reimbursement process.! Each codified procedure is
placed under the Common Procedural Terminology (CPT)
system and assigned a certain number of work RVUs
(WRVUs). The value of each CPT code is evaluated by a
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group of physicians who comprise the Relative Value
Update Committee (RUC). The number of wRVUs assigned
to each procedure is meant to reflect the time, intensity, and
complexity in performing the procedure.’
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other fields; 1 study identified that urological procedures
performed in less than 90 minutes earn 12.2 wRVU/h com-
pared with 8.7 wRVU/h for longer procedures.” While in
theory the wRVU for a procedure should be proportional to
time, skill, stress, and effort, these measures are difficult to
quantify in practice, which is reflected by a discrepancy in
compensation for procedural services.®’

As CMS determines the operative time to be a direct
determinant of wRVU allocation, it can be used as an inde-
pendent predictor of the number of wRVUs for a specified
procedure. In addition, wRVU/h of operative time can be
calculated for a given procedure and be used to compare
rates of reimbursement for procedures with different opera-
tive lengths. If the wRVUs assigned to CPTs are theoreti-
cally proportional to operative time within the current CMS
RVU scale, there should be a similar amount of wRVUs per
unit time for shorter and longer procedures. To our knowl-
edge, no study exists examining the global trends in reim-
bursement of orthopedic hand procedures. The goal of this
study is to identify whether orthopedic hand procedures are
reimbursed proportionally in terms of wRVU/h within the
subspecialty of hand surgery and compared with all ortho-
pedic procedures.

Methods

Database

The American College of Surgeons National Surgical Qual-
ity Improvement Program (NSQIP) database was used to
identify patients who underwent orthopedic hand proce-
dures between 2016 and 2018. The NSQIP database is
nationally validated and collects data from more than 700
participating hospitals in the United States and retrospec-
tively collects 135 clinical variables. The variables col-
lected were demographic characteristics, operative time,
wRVU data, preoperative risk factors, American Society of
Anesthesiologists (ASA) classification, surgical time, mor-
bidity, and mortality data. The data are collected and veri-
fied by trained surgical reviewers, who ensure accuracy and
quality.°

Generation of Study Data Using CPT Codes

The NSQIP database was queried for all cases coded under
the orthopedics subspecialty and reviewed by orthopedic
residents. Cases missing wRVU, CPT, and operative time
were excluded from the analysis. Procedures that were
reimbursed less than 1 wRVU or those that had an opera-
tive time greater than 600 minutes or less than 10 minutes
were excluded, as those cases do not represent a typical
orthopedic procedure.

Procedures performed less than 150 times over the
3-year study period, as denoted by CPT codes, were

excluded as these are uncommonly performed within the
United States and would introduce a high variance in the
operative time, leading to inaccurate calculation of mean
operative time. Procedures that had more than 1 CPT code
recorded were also excluded because secondary wRVUs are
often not reimbursed at the full rate. Including these data
would cause a skew in our statistical model toward higher
RVU values, which would confound the analysis. Hand sur-
gery CPTs were identified within the remaining CPT codes
to verify that a procedure was within the scope of a fellow-
ship-trained hand surgeon. Individual CPTs were assigned
to hand surgery and nonhand surgery study groups by ortho-
pedic surgery residents who individually reviewed each
CPT.

Variables Studied and Statistical Analysis

The primary outcome variable assessed was wRVU/h,
and wRVU/h was calculated by dividing wRVU from the
2020 CMS fee schedule by the mean operative time for
CPT as obtained from the NSQIP database (measured in
hours). Work RVUs were converted into estimated reim-
bursement rates using the CMS RVU dollar conversion
factor of $36.0896 per RVU. The operative time is
recorded in minutes and is defined as time from when the
surgical incision is first made to wound closure. Second-
ary outcome variables for each CPT code studied were a
30-day major complication, reoperation, readmission,
mortality rate, and ASA score. A major complication was
defined as deep wound infection, deep organ infection,
surgical site dehiscence, renal failure, pulmonary embo-
lism or deep vein thrombosis, cerebrovascular accident,
myocardial infarction, cardiac arrest, bleeding requiring
transfusion, sepsis, postoperative ventilator dependence,
unexpected reintubation, and death.

The CPT codes were stratified into quartile cohorts
based on mean operative time in which the shortest 25%
and the longest 25% mean operative time were compared.
The CPT codes were then stratified into cohorts compris-
ing the lowest and highest 25% in terms of major compli-
cation rate, mortality rate, ASA class, reoperation rate, and
readmission rate. Student ¢ tests or Wilcoxon tests were
used to compare wRVU/h between cohorts based on mean
operative time, complication rate, ASA class, reoperation,
and readmission rates. P values <.05 were considered to
be statistically significant. Univariate linear regression
was used to model the association among wRVU, wRVU/h,
operative time, and complication rate for both hand and
nonhand study groups. Multivariate regression was per-
formed to model the relationship between operative time
and complication rate regarding their effect on wRVU and
wRVU/h. Analysis of covariance was used to compare
reimbursement rates between hand and nonhand cases,
adjusting for complication rate.
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Table I. Univariate Analysis of wRVYU/h by Quartile for Hand
Surgery Procedures.

Study variable No. of CPTs  Mean wRVU/h P value

Operative time
Less than 40 I
79 or more I
Major complication rate, %
Less than 0.7 I

9.67 272 .001
6.35 = 0.94

8.10 * 2.63 797

|.8 or more Il 782 +2.10
Mortality rate, %
0 30 761 =218 274
0.06 or more Il 8.23 + 1.89
ASA class (score)
Less than 1.79 Il 6.94 = |.59 .193
2.15 or more I 8.34 + 2.30
Reoperation rate, %
Less than 0.55 Il 791 =26l 797
1.35 or more I 7.73 =234

Readmission rate, %
Less than 0.56 I
1.56 or greater Il

7.69 =276 797
7.76 = 2.06

Note. wRVU/h = work relative value unit per hour; CPT = Current
Procedural Terminology; ASA = American Society of Anesthesiologists.

Results

A total of 42 hand CPT codes identified from 172 orthopedic
CPT codes met the inclusion criteria for this study, account-
ing for a total of 32 333 hand procedures. The mean wRVU
was 7.99, operative time was 63.8 minutes, wWRVU/h was
7.86, and the major complication rate was 2.2%.

When comparing CPTs stratified into longest and short-
est quartile with regard to mean operative time (Table 1),
the median wRVU/h was significantly lower for longer pro-
cedures (6.35 £ 0.94 vs 9.67 £ 2.72, P = .001). There was
no significant difference in the complication rate of proce-
dures in the bottom quartile versus the top quartiles in
regard to the complication rate (8.10 = 2.63 vs 7.82 = 2.10,
P = .797), mortality rate (7.61 = 2.18 vs 8.23 = 1.89, P =
.274), ASA score (6.94 = 1.59 vs 8.34 £ 2.30, P = .193),
reoperation rate (7.91 = 2.61 vs 7.73 = 2.34, P = .797), or
readmission rate (7.69 = 2.76 vs 7.76 = 2.06, P = .797).

A total of 42 hand CPT codes were compared with 130
nonhand CPT codes (Table 2). Nonhand procedures were
found to have significantly higher mean operative time
(90.6 £ 39.8 vs 63.8 £ 24.7 minutes, P < .001), mean
complication rate (10.51 = 12.30 vs 2.15 = 2.72%,
P < .001), mean wRVU (13.94 = 5.86 vs 7.98 *= 2.87,
P < .001), and mean wRVU/h (9.75 = 3.07 vs 7.86 =
2.15, P <.001). After adjusting for the effect of complica-
tion rate, mean wRVU (P < .001) and mean wRVU/h
(P = .007) remained significantly different between hand
and nonhand cohorts.

There was a negative correlation between wRVU/h and
mean operative time. We identified that there was a decrease
in -0.0384 wRVU/h for every additional minute of mean
operative time (95 confidence interval: —0.063 to —0.014,
R?> = 0.196, P = .003). This correlates with an hourly
decrease in reimbursement of 2.31 wRVU/h or $83.19/h
based on the 2020 Medicare conversion factor of $36.0896.
This negative relationship is maintained even after adjust-
ing for the mean complication rate for each CPT in the
cohort (Figure 1).

Univariate regression of wRVU and mean operative time
for both hand and nonhand cohorts found a positive correla-
tion between wWRVU and mean operative time for CPT
codes of both cohorts (Figure 2). Unadjusted linear regres-
sion for the hand surgery cohort found that each additional
minute of mean operative time correlated with an allocation
of an additional 0.093 wRVUs (P < .001, R*> = 0.627). For
the nonhand surgery cohort, each additional minute of mean
operative time correlated with an allocation of an additional
0.106 wRVUs (P < .001, R* = 0.516). Multivariate regres-
sion was used to characterize the relationship among
wRVU, operative time, and complication rate between hand
and nonhand cohorts to reveal that even after adjusting for
differing complication rates, not only was the allocation of
wRVU per operative time unequal between groups (0.093
vs 0.106 wRVU/h, P < .001), but nonhand CPTs are reim-
bursed a higher baseline wRVU amount than hand CPTs
(4.331 vs 2.073 wRVUs, Figure 2).

Discussion

The purpose of the CMS wRVU fee schedule is to provide
physicians with an accurate compensation model that is
proportional to the time, skill, and effort that is evoked to
provide a service. The CMS further divides RVUs into work
RVUs, malpractice RVUs, and practice expense RVUs. The
RVU allocation for each CPT code is updated based on the
recommendations of the RUC, a voluntary group of 31 phy-
sicians who represent the different subspecialties and pri-
mary care. Generally, when there is an increase in allocation
toward a particular CPT, it often means that another CPT
would proportionally decrease. The CMS fee schedule ini-
tially sought to fairly distribute Medicare dollars, but many
health care organizations and private practices have also
adopted the wRVU as a means to measure physician pro-
ductivity and to determine reimbursement.!' For this rea-
son, the wWRVU has become universally applicable to most
orthopedists. This is the first study that examines a large
cohort analysis of orthopedic hand cases in terms of opera-
tive time, complication rate, and wRVU.

In our analysis of hand surgery CPT codes and mean
operative time by quartile, we identified that procedures
with the highest mean operative times were reimbursed sig-
nificantly less than those with the lowest mean operative
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Table 2. Comparison of Hand and Nonhand Procedures.

Hand procedures Nonhand procedures P value Adjusted P value®
No. of CPTs 42 130
Mean Operative Time (min) 63.8 = 24.7 90.6 = 39.8 <.001
Mean Complication Rate (%) 215272 10.51 = 12.30 <.001
Mean wRVU 7.98 = 2.87 13.94 = 5.86 <.001 <.001
Mean wRVU/hour 7.86 = 2.15 9.75 = 3.07 <.001 .007

Note. CPT = Current Procedural Terminology; wRVU = work relative value unit.
2Adjusted P values determined using analysis of covariance to account for the effect of complication rate.

wRVU Per Hour

2 0 60 80 100 120
Operative Time (Minutes)

Figure 1. Scatter plot with linear regression of wRVU/h and
operative time.

Note. Each red data point represents an individual Current Procedural
Terminology code. Unadjusted linear regression depicting wRVU/h and
operative time (solid black line) is y = 10.315 — 0.0384x, x-variable 95%
confidence interval (Cl): —0.063 to 0.014, P = .003, R? = 0.196. The
95% Cl is visually represented by dotted black lines. This correlates
with an hourly decrease in reimbursement of 2.31 wRVU/h or $83.19/h.
Multivariate regression of wRVU/h, operative time, and complication
rate maintains this relationship: x-variable = -0.037 (95% CI: —0.063 to
-0.010), P = .008, and R? = 0.159. wRVU = work relative value unit.

times. Univariate linear regression showed that longer pro-
cedures are reimbursed at a lower hourly rate, with reim-
bursement decreasing at a rate of 2.31 wRVUs or $83.19 for
each additional hour of mean operative time for a given pro-
cedure. This trend was maintained after adjusting for the
complication rate associated with each CPT code. Theoreti-
cally, if the RUC is appropriately accounting for operative
time in the allocation of WRV Us, the hourly reimbursement
rate should be similar for procedures regardless of the mean
operative time. Based on our analysis, it would appear that
the 2020 CMS fee schedule favors shorter hand surgery

procedures at the expense of longer hand surgery proce-
dures.

There was no significant difference in reimbursement
rate regarding major complication rate, mortality rate, ASA
class, reoperation rate, and readmission rate between the
top and bottom quartiles of CPT codes. This is an unex-
pected finding because the allotment of wRVUs should also
consider procedures with higher complication rates. How-
ever, this supports the findings of Sathiyakumar et al'> who
found that the reimbursement rates in orthopedic trauma
have not accurately accounted for the complication rate
associated with a given CPT. Ramirez et al'® identified a
similar finding across all surgical subspecialties, where
patient complexity did not correlate with the number of
wRVUs assigned. The combination of these factors could
theoretically incentivize surgeons to select for shorter cases
and less-complex patients as a means to maximize produc-
tivity within physician practices that use RVU-based com-
pensation models.

When comparing reimbursement rates between hand and
nonhand CPT codes, there were some notable differences.
Univariate linear regression for hand and nonhand CPT
codes revealed that there are differences in the rate of reim-
bursement between case types; the nonhand cases are reim-
bursed at a significantly higher starting wRVU (Figure 2).
For the CPTs included in the study, it is evident that the
general orthopedic procedures are reimbursed on average 2
wRVUs more than hand procedures at any operative time
point, and the rate at which general orthopedic procedures
accrue RVUs is higher than that of hand procedures. The
mean reimbursements for hand procedures are best mod-
eled by the formula y = 2.073 + 0.093x, where “x” and “y”
represent mean operative time (minutes) and wRVUs,
respectively. In this model, 2.073 represents a base wRVU
value, and 0.093 is the rate of WRVU allocation per minute
of mean operative time. This is in contrast to the nonhand
reimbursement formula of y = 4.331 + 0.106x. Using these
regression models, one may calculate a mean difference in
physician reimbursement between hand and nonhand pro-
cedures of 3.038 wRVUs or $109.64 (when using the Medi-
care WRVU-Dollar adjustment for 2020) for 1 hour of
operative time. The difference in reimbursement rates can
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Figure 2. Scatter plot with linear regressions of wRVU and operative time.

Note. Red circles represent hand Current Procedural Terminology (CPT) codes, and blue crosses represent nonhand CPT codes. Unadjusted linear
regression of hand cases depicting wRVU and operative time (red dotted line) is y = 2.073 + 0.093x, P < .001, R? = 0.627. The 95% confidence
interval is visually represented by dotted red lines. Unadjusted linear regression of nonhand cases depicting wRVU and operative time (blue solid line)
isy = 4.331 + 0.106x, P < .001, R? = 0.516. The 95% confidence interval is visually represented by solid blue lines. Multivariate regression of wRVU,
operative time, complication rate, and hand versus nonhand CPTs was performed to show that the complication rate does not fully account for

different reimbursement rates (P < .001). wRVU = work relative value unit.

be explained in part by significantly higher complication
rates for nonhand procedures compared with those of hand
procedures, but in our multivariate model the complication
rate did not fully account for this discrepancy. Procedures
categorized as “hand” were found to be an independent pre-
dictor of lower hourly reimbursement.

Many of the findings in this study are reflected in the
literature of other surgical subspecialties. Chakiryan et al’
have shown that there is diminishing marginal reimburse-
ment with increasing mean operative times for the 50 most
frequently performed urology CPTs. Chakiryan et al also
found that there were large discrepancies in reimbursement
between urological subspecialties and that these discrepan-
cies did not necessarily correlate with the mean complica-
tion rate.” Despite the fact that numerous other factors are
included in the formulation of the CMS RVU fee schedule,
operative time is listed as a direct determinant of wRVU
allocation and should be an independent predictor of reim-
bursement. One simple explanation for these phenomena is
that the estimates for operative times put forth by the RUC
are inaccurate. Procedural data are derived from surveys
gathered from cohorts of experienced surgeons who are
theoretically familiar with the procedure. It has been sug-

gested that RUC operative time data are frankly inaccurate,
and operative times are overestimated specifically for prac-
tically shorter cases.” In fact, Chan et al'* quantified a dis-
crepancy of almost 200% for any given CPT code.
Interestingly, the RUC estimates were neither systemati-
cally longer nor shorter than NSQIP times. These inconsis-
tencies translate to a poor distribution in reimbursement and
have the potential to impact the quality of care and supply
of physician services. '

There has been a steady decrease in reimbursement for
orthopedic hand surgery cases.'® This reimbursement
includes the global surgical period which accounts for 3 to
4 postoperative visits over a 90-day period.!” Hand cases,
in particular pinning and tendon transfers/lengthening,
often require more extensive postoperative rehabilitation
that is not accurately captured in the wRVU scale due to
the extensive aftercare that is required.'® The $110 per
hour difference in reimbursement between hand and non-
hand procedures (sports, foot and ankle, etc.) may poten-
tially affect patient care and incentivize higher
compensating procedures. This phenomenon has previ-
ously been expressed by Nayar et al'® when comparing
operative times and wRVU for shoulder and elbow cases.



866

HAND 18(5)

With this valuation and hourly difference in reimbursement,
certain procedures, including tendon surgeries (eg, extensor
tendon repair) or ganglion excision, may constitute an over-
all loss of wWRVU when accounting for operative time and
postoperative care compared with more highly valued cases
or simply seeing patients in the clinic. For minor hand pro-
cedures or procedures requiring extensive follow-up, elimi-
nation of the 90-day global period may help to offset the
disparity in reimbursement between hand and nonhand pro-
cedures, similar to CPT 28825 (amputation of toe) that now
carries a global period of zero while equivalent hand proce-
dures do not.

This study has several limitations. There are many inputs
other than operative time and complication rate in the deter-
mination of the number of WRVUs assigned to a given CPT,
including many subjective factors that are difficult to quan-
tify. Our analysis was limited by the variables provided in
the NSQIP database. One variable that NSQIP fails to cap-
ture is the prior training of a surgeon and whether a proce-
dure is performed by a general, plastics, or orthopedic
trained hand surgeon. Furthermore, to prevent a skewed
calculation of wRVU/h of operative time, multiple coded
CPTs were removed. This may limit the generalizability of
our study because hand surgical procedures can often
involve multiple coded procedures. Another limitation is
that the NSQIP database does not consider transverse carpal
ligament or Al pulley release to be a major surgery, and
these procedures are not included in the data set. These pro-
cedures represent a significant portion of most hand sur-
geons’ volume, but for the purposes of our analysis they
only represent 2 operations in the hand surgery cohort, and
it is unlikely that their exclusion has impacted the signifi-
cance of the results.?’ Finally, mean operative times were
calculated from 2016 to 2018 NSQIP data, and the wRVU
values were gathered from the 2020 CMS fee schedule. The
use of different years’ data was done in an attempt to reflect
the current reimbursement structure most accurately.
Although updated surgical procedures may result in lower
operative time for certain procedures, it is assumed that the
operative time for most orthopedic procedures has not sig-
nificantly changed in the past 5 years.

In conclusion, this is the first study in the orthopedic
hand literature to examine trends within the subspecialty
regarding wRVUs, operative time, and complication rate.
We have shown, using real-world operative times and com-
plication rates, that the 2020 physician wRVU scale does
not allocate a sufficient number of wRVU for longer hand
surgery procedures. This has the potential to incentivize
hand surgeons to perform shorter procedures on a less med-
ically complex patient population. Our results support the
findings of prior literature, suggesting that the RUC is not
using the most accurate data for the calculation of wRVU
and is inadequately reimbursing longer procedures. Finally,
the discrepancy in reimbursement between hand procedures

and nonhand orthopedic procedures cannot be fully
explained by the higher surgical complication rate for non-
hand procedures. However, given the limited number of
factors incorporated into our model, it is difficult to pin-
point the cause of this phenomenon or to account for other
externalities that likely influence differences in wRVU allo-
cation. Further research is warranted to elucidate these
reimbursement discrepancies within the subspecialty of
hand surgery and generally within orthopedics.
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