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A B S T R A C T

Objective: In response to rising national health expenditures, the Patient Protection and Affordable Care Act
(ACA) was passed in 2010, with major provisions implemented in 2014. Due to increasing concerns about
workload and compensation among neurosurgeons, we evaluated trends in neurosurgical reimbursement, pro-
ductivity and compensation before and after the implementation of the major provisions of the ACA.
Patients and Methods: Results from Neurosurgery Executives’ Resource Value and Education Society (NERVES)
annual surveys were collected, representing data from 2011 to 2016. Responses from different practice settings
across the six years were categorized into groups, and inverse variance-weighted averaging was performed
within the frameworks of a one-way ANOVA model with year. Data from 2011 to 2013 and 2014–2016 were
analyzed similarly for differences among practice setting and region.
Results: The NERVES survey response rates ranged from 20% to 36%. Median values for compensation decreased
by 3.66%, 6.42%, and 10.34% within private, hospital, and academic practices respectively after 2014 although
these trends did not reach statistical significance. Median work RVUs had a trend to decrease by 5.67%, 13.08%,
and 19.44% within private, hospital, and academic practices respectively after 2014. Academic practices showed
statistically significant decreases in annual total RVUs, total gross charges and collections.
Conclusion: These data demonstrate neurosurgical reimbursement and productivity have trended down during a
time that increases in productivity and reimbursement were predicted. This phenomenon is most notable in
academic practices compared to private or hospital based practices. Prospective analyses of the impact of
healthcare policy reform on neurosurgical productivity are urgently needed.

1. Introduction

With the advent of Medicare and Medicaid in the 1960s, the fee-for-
service model which had previously defined physician-reimbursement
was challenged by the managed-care models dictated by third-party
payers [1]. In the 1990s, Hsaio proposed the relative value unit (RVU),
a method of factoring resource input cost into physician reimburse-
ments [2–5]. The RVU and fee-for-service model has been changing
significantly for the past three decades. In 2010, the Patient Protection
and Affordable Care Act (ACA) was enacted with major provisions
coming into effect in 2014 [6,7]. The recent legislation has accelerated
the shift towards value-based purchasing, bundled payment models,
and accountable care organizations (ACOs) [8].

Through all of these changes, national health expenditures have

continued to increase, reaching $3.3 trillion and 17.9% of gross do-
mestic product in 2016 [9]. Fee-for-service payment models are being
eroded by alternative payment models (APMs) introduced by the CMS
Innovation Center and ACOs [8,10–12]. While the fee-for-service model
remains the dominant reimbursement model in the US healthcare
system, third-party payers are gradually moving towards APMs in order
to control costs. In APMs, such as value-based bundled payment
models, a single payment is given to providers for care associated with a
specific condition or procedure for a predefined period of time. In this
model, payers de-incentivize individual productivity and value is added
to patient outcomes and complication reduction, thereby reducing
drivers of healthcare expenditure by shifting costs exceeding the
monetary allotment per patient to hospitals and physicians [8,13].
Many physicians feel that these reimbursement changes have created
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additional bureaucratic burden and have decreased physician salaries.
We aimed to establish the trends in RVUs generated and re-

imbursement using a nationwide survey of neurosurgeons. The
Neurosurgery Executive Resource Value and Education Society
(NERVES) was established in 2002 and functions to strengthen neuro-
surgical practices by providing regulatory information and manage-
ment strategies to neurosurgery administrators. The annual socio-
economic survey asks a series of questions to practice managers to
provide benchmarking data to neurosurgical practices [14]. Given the
changes to the US healthcare delivery system, the purpose of this study
was to evaluate the NERVES annual socioeconomic survey data and
describe how practice setting affects neurosurgeon reimbursement and
compensation in the context of the current healthcare climate by
comparing reimbursement and productivity before and after the im-
plementation of major provisions of the ACA.

2. Patients and methods

Permission was obtained from the Neurosurgery Executives’
Resource Value & Education Society (NERVES) to use the survey results
for the purposes of this study. Data was collected from NERVES Socio-
economic survey reports representing surveys administered from 2011
to 2016 [15]. The survey questionnaire was developed by Katz, Sapper
& Miller healthcare consulting and accounting firm and members of the
NERVES survey committee. With respect to annual RVUs and annual
work RVUs the data reported in the NERVES surveys was normalized by
the standard of a 1.0 clinical full-time equivalent (FTE) neurosurgeon
basis beginning in 2014. All reported nominal dollar amounts were
adjusted to 2016 real dollars using GDP deflator indices provided by the
Bureau of Economic Analysis, US Department of Commerce.

2.1. Statistical analysis

The goal of our analysis was to obtain a single summary estimate of
the survey responses to each question and compare among the esti-
mates from different practice settings over the entire period
2011–2016, and separately for the years before and after 2014.

The survey responses for each practice setting and year pair was
modeled via a lognormal distribution, with the log-location parameter
being estimated by the natural logarithm of the provided median in-
come, and the log-scale parameter being estimated by the ratio of the
provided income standard deviation to the provided mean income.
Based on the responses from different practice settings across the six
years categorized into Before/After 2014 groups, we performed a one-
way ANOVA with practice setting (Private/Hospital/Academic) as the
sub-group factor. A usual one-way ANOVA assumes homoscedasticity,
i.e., equal variance for each outcome (log median income specific to
each practice setting and year), which was not the case in this study
(the reported variances differed across practice settings and years). To
account for this variability, we considered inverse variance-weighting
within the framework of one-way ANOVA [16]. Within this framework,
we used F-tests to detect any significant difference among sub-group
means and/or the interaction means for each survey question. For
survey questions with a significant F-test (α=0.05), we followed up
with pairwise comparison of sub-group means via Tukey’s honest sig-
nificant difference (HSD) test at confidence level 95% (NOTE: In the
column for mean separation, sub-categories sharing a number (such as
‘1′) are not significantly different. In other words, statistically sig-
nificant differences within groups (as determined by p < 0.05) are
denoted by differing Tukey numericals). Lognormal log-location esti-
mates (and 95% confidence intervals) were back-transformed to
median estimates. All calculations were done in R version 3.5.1 (R Core
Team, 2018), and the packages ‘tidyverse’ (Wickham, 2017) and ‘em-
means’ (Lenth, 2018).

3. Results

The NERVES survey was administered to 243 member practices and
additional nonmember practices. The response rate ranged from 20 to
36%. The number of responding practices and number of neuro-
surgeons represented are shown in Table 1.

Analysis of survey metrics between practice settings (Table 2) de-
monstrates a statistically significant difference in neurosurgeon annual
compensation, with, hospital-employed ($915,112.64) neurosurgeons
earning more than those employed in physician-owned practices
($819,369.73), who respectively earn more than those employed in
academic practices ($655,868.98) [p < 0.05 between subgroups].
Annual collections are higher among physician-owned groups
($1,091,038.19) compared to hospital-employed ($798,945.77) and
academic practices ($783,570.06) [p < 0.05]. Academic practices
have less new patients, annual contractual adjustments and annual bad
debt write-off adjustments than their counterparts in physician-owned
and hospital-employed practices [p < 0.05]. Hospital-employed neu-
rosurgeons reported fewer gross charges per wRVU ($239 vs $286 and
$299 for physician-owned and academic groups) [p < 0.05] and had
the lowest collections per wRVU ($72/wRVU vs $98/wRVU and $85/
wRVU compared to physician-owned and academic groups) [p < 0.05
vs. physician-owned practices]. However, compensation per wRVU was
similar across all three groups.

Analysis of within group differences since the implementation of the
major provisions of the ACA (Table 3), represented by data from per-
iods 2011–2013 (“before 2014″) and periods 2014–2016 (“after 2014″),
demonstrated that median compensation within all groups (physician-
owned, hospital-employed and academic practices) showed a trend for
decrease after 2014. Among academic practices, there was a 24% de-
crease in gross charges before 2014 ($2,812,296.51) as compared to
after 2014 ($2,149,578.71) [p < 0.05] as well as a 20% decrease in
collections before 2014 ($874,040.70) compared to after 2014
($701,846.68) [p < 0.05]. Decreases are also suggested in annual
collections for private (2.58%) and hospital-based (12.27%) practices
before and after 2014, although these analyses did not achieve statis-
tical significance. Hospital-employed neurosurgeons had a reduction in
the number of annual new patients after 2014 (294) when compared to
before 2014 (460) [p < 0.05], a decrease of 36%. The change in the
number of new patients before and after 2014 for private (-11.56%) and
academic practices (−17.53%) appears to trend downwards but did not
achieve statistical significance. There was a 29% decrease in estimated
median annual total RVUs before and after 2014 for academic practices
from 21,853 to 16,304 [p < 0.05]. The remainder of the comparisons
were not statistically significant within any practice setting when
analyzed before/after 2014 including annual compensation, con-
tractual adjustments, bad debt write-offs, primary surgeries performed,
work RVUs, as well as gross charges, collections, or compensation per
wRVU.

Subtle decreases are suggested across all practice settings in annual
compensation (−3.66%, −6.42%, and −10.27% respectively for pri-
vate, hospital-based, and academic practices) and work RVUs produced
(−5.67%, −13.08%, and −19.44% respectively for private, hospital-
based, and academic practices), though these analyses did not achieve
statistical significance. Additional decreases are suggested in annual
collections for private (−2.58%) and hospital-based (−12.27%) prac-
tices before and after 2014.

Table 1
NERVES Study Sample Sizes and Response Rates.

Data Year 2011 2012 2013 2014 2015 2016

Number of Practices 73 63 98 90 94 96
Total Neurosurgeons 432 415 580 692 794 814
Response Rate (%) 22 20 27 36 36 36
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4. Discussion

Changes in healthcare are impacting neurosurgical practice and
compensation. Our data suggest that overall neurosurgical work vo-
lume and compensation over the past several years have decreased. In
terms of annual gross charges, collections, and total RVUs academic
practices demonstrate a statistically significant decrease since 2014
despite the normalization of NERVES survey responses for total annual
RVU and wRVU by the standard of a 1.0 clinical full-time equivalent
(FTE) neurosurgeon basis beginning in 2014 (which would minimize
the difference). While not a statistically significant difference, the
magnitude of decrease in the median number of annual surgeries per-
formed has been most dramatic in academic practices compared to
private practice and hospital employed neurosurgeons.

In the context of macroeconomic changes in the US, these findings
are more robust. The US was recovering from the recent financial crisis
leading to the great recession. As a result of the recent economic de-
cline, the unemployment rate was near historical highs at the beginning
of the study period (9.1%) and down trended to more normal levels by
the end of the period (4.7%) [17]. The employment rate, a rate of those
under retirement age who are working, increased almost three hundred
basis points to 69.6% [18]. Both factors, in addition to the ACA pro-
visions, would expect to lead to an increase in the insured population
leading to an increase in patient pool (specifically non-Medicare prac-
tices), and improve collections with a reduction in write-offs. However,
this effect was not noted. Annual new patients were decreased in the
after 2014 group, suggesting no significant increase in patient pool,
while the number of primary surgeries were relatively flat with a trend

decrease in the annual wRVUs. The relatively unchanged number of
primary surgeries being performed is consistent with prior studies
modeling these healthcare reforms [19–21]. Since the implementation
of the ACA and expansion of Medicaid, changes in payer mix have
largely contributed to the steep decline in uncompensated care to
hospitals which appears to be reflected in hospital-employed neuro-
surgeon and academic practices annual contractual and bad debt write-
off adjustments whereas in physician-owned groups annual contractual
adjustments and bad debt adjustments have increased.

With regards to physician reimbursement, some reports predicted
physicians would see wage increases of 15% by 2016 and up to 30% by
2021 with most of that increase noted within the first two years [22].
However, according to the survey data, the real neurosurgeon annual
compensation had an overall decline after 2014 while annual com-
pensation per wRVU remained stable. Even though during the same
time consumer prices for medical services increased by 20% and real
median personal income in the US increased by 9.6% [23], the notable
increases were not seen in real annual neurosurgical compensation or
compensation by wRVU [23,24].

Despite increase in regulatory burden, most neurosurgical practices
have embraced ACA plans. A 2017 survey of neurosurgical practice
leaders conducted by the AANS and CNS [25] indicated that 82% of
neurosurgeons accepted patients insured under ACA exchange plans,
with an additional 12% of neurosurgeons accepting exchange-insured
patients in limited number. This is compared to 66% of neurosurgeons
accepting Medicaid and an additional 21% accepting a limited number
of Medicaid-covered patients, with many reporting they only see new
Medicaid patients through trauma or emergency department call.

Table 2
NERVES Survey Questionnaires from 2011 to 2016 by Practice Setting.

Question Practice Setting Estimated Median Lower 95% Confidence
Limit

Upper 95% Confidence
Limit

Tukey HSD separation (95%
level)

Neurosurgery Annual Compensation Physicians $819,369.73 $765,406.64 $877,137.35 1
Hospital $915,112.64 $870,783.96 $961,697.94 2
Academic $656,709.79 $615,961.07 $700,154.22 3

Neurosurgeon Annual Gross Charges Physicians $3,370,724.49 $3,103,797.78 $3,660,606.91 1
Hospital $2,674,552.05 $2,463,797.22 $2,903,334.98 2
Academic $2,494,792.94 $2,233,322.29 $2,786,875.78 2

Neurosurgeon Annual Collections Physicians $1,091,038.19 $994,219.69 $1,197,285.01 1
Hospital $798,945.77 $729,821.66 $874,616.88 2
Academic $783,570.06 $701,390.81 $875,377.92 2

Neurosurgeon Annual Contractual
Adjustements

Physicians $1,974,053.73 $1,732,329.53 $2,249,507.42 1
Hospital $1,907,605.59 $1,671,631.24 $2,176,891.06 1
Academic $1,347,804.37 $1,160,582.64 $1,565,228.16 2

Neurosurgeon Annual Bad Debt Write-Off
Adjustments

Physicians $54,839.34 $39,698.46 $75,754.92 1
Hospital $56,498.96 $43,426.32 $73,506.87 1
Academic $24,412.15 $16,679.73 $35,729.19 2

Neurosurgeon Annual Primary Surgeries
Performed

Physicians 291.37 261.85 324.21 1
Hospital 303.76 256.67 359.50 1
Academic 247.78 212.64 288.75 1

Neurosurgeon Annual New Patients Physicians 430.65 367.16 505.11 1
Hospital 385.48 322.82 460.29 1
Academic 281.86 237.25 334.87 2

Neurosurgeon Annual Total RVUs Physicians 21,365.78 18,026.09 25,324.22 1
Hospital 19,822.27 15,240.15 25,782.07 1
Academic 16,397.88 13,662.18 19,681.38 1

Neurosurgeon Annual Work RVUs Physicians 11,550.37 10,272.99 12,986.57 1
Hospital 11,600.12 10,387.80 12,953.91 1
Academic 8,904.93 7,884.35 10,057.61 2

Neurosurgeon Annual Gross Charges WRVUs Physicians $285.71 $268.57 $303.95 1
Hospital $238.73 $227.20 $250.83 2
Academic $298.99 $266.65 $335.26 1

Neurosurgeon Annual Collections per WRVUs Physicians $98.45 $89.17 $108.71 1
Hospital $72.26 $68.05 $76.73 2
Academic $85.28 $75.44 $96.41 12

Neurosurgeon Annual Compensation per
WRVUs

Physicians $79.06 $73.92 $84.55 1
Hospital $80.52 $75.39 $85.99 1
Academic $79.04 $66.45 $94.00 1

Physicians (Physician-owned private practices), Hospital (Hospital-employed) Academic (Academic practices). Tukey HSD separation sub-categories sharing a letter
(such as ‘1′) are not significantly different at a 95% confidence level. Sub-categories who do not share a letter are statistically significant at p < 0.05.
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Approximately 77% of respondents in the same survey reported having
to regularly comply with cumbersome prior authorization procedures,
frequently resulting in administrative hassle and delays in care. Con-
tinuity of care is often disrupted by frequent changes in plans and
network inclusion. These results suggest that despite improved
healthcare coverage there still remain significant administrative bur-
dens for patients and providers [25].

This is an evaluation of survey data and therefore has inherent
limitations. First, this study is limited similarly to the challenges faced
by the authors of the original NERVES questionnaire, such as bias
pertaining to the respondent group and in the accuracy and uniformity
in which participants reported data. In addition, the data reported here
is limited by a lack of availability to the raw survey data and is subject
to any biases or errors involved in the processing of the primary data
source. Given the nature of the NERVES questionnaire and the survey
administration, these would likely have minimal influence over the
trends report here. Another limitation faced by this study is the general
paucity in breadth and depth of available economic data on this subject,
limiting the scope and impact of the data analysis performed. In par-
ticular, the limited detail of data available through the NERVES survey
coupled with scarcity of economic data through other sources leads to
challenges attempting to further analyze trends within individual sub-
groups. Lastly, poor response rates limit the ability to find statistically
significant differences. For example, in 2012 there were 3689 board-
certified neurosurgeons working for over 5700 hospitals [26]. During
the same data year, 415 of all polled neurosurgeons representing 63
practices responded to the NERVES survey.

Furthermore, the data does not incorporate reductions for co-surgeons
or multiple procedure payment reduction. There is no correction for the
distribution of different practice settings within each geographical region,
nor variances in response rates between practice settings. There is also no
statistically perfect way to account for changes in neurosurgeon manage-
rial practices in preparation for the major provisions of the ACA. In ad-
dition, we concede that analysis of survey data subgroups of before and
after 2014 is a coarse way to characterize the effects of multifaceted and
wide-reaching healthcare reform legislature.

Overall, neurosurgeons have seen a trend for reduced RVUs and
compensation during a time that the wage increases would have been
expected in the context of concurrent macroeconomic factors. Several
factors contribute to this finding. Prospective analyses of practice pat-
terns in healthcare delivery are important to continue to influence
policy making that impacts physicians and patients. Directions for
further research would include more detailed analysis of economic data
within practice setting and with consideration to geographic region. In
order to accomplish such detailed analysis, a broader pool of available
data would be essential. A change of culture regarding reporting of
economic and productivity data, particularly from non-academic
practices, is imperative for successful analysis of the productivity and
economic trends in the context of a changing healthcare climate.

5. Conclusion

Due to profound differences in culture, business models, and moti-
vations in different practice settings, the effects of changing payment
structure will vary based on practice setting. Based on the NERVES
survey data the ACA does not appear to have had drastic changes on
neurosurgical practices, but a subtle trend suggesting decline has
emerged. This study calls for in depth evaluation of these trends using
yearly survey data to allow neurosurgeons to monitor their practices as
health policy continues to evolve.

Acknowledgements

We would like to acknowledge the Neurosurgery Executive
Resource Value & Education Society Board for providing us with the
NERVES socioeconomic survey data.Ta

bl
e
3
(c
on
tin
ue
d)

Q
ue
st
io
n

Pr
ac
tic
e
Se
tt
in
g

Ye
ar

Es
tim

at
ed

M
ed
ia
n

↓/
↑
af
te
r
20

14
Pe
rc
en
t
Ch

an
ge

Lo
w
er

95
%

Co
nfi

de
nc
e
Li
m
it

U
pp
er

95
%

Co
nfi

de
nc
e
Li
m
it

N
eu
ro
su
rg
eo
n
A
nn
ua
lG
ro
ss
Ch
ar
ge
s
W
R
V
U
s

Ph
ys
ic
ia
ns

Be
fo
re

20
14

$2
83

.2
1

↑
2.
72

%
$2

57
.7
2

$3
11

.2
3

A
fte

r
20

14
$2

90
.9
2

$2
54

.1
4

$3
33

.0
2

H
os
pi
ta
l

Be
fo
re

20
14

$2
36

.8
9

↑
1.
74

%
$2

17
.9
7

$2
57

.4
5

A
fte

r
20

14
$2

41
.0
1

$2
19

.7
3

$2
64

.3
6

A
ca
de
m
ic

Be
fo
re

20
14

$3
17

.2
1

↓
−
12

.8
1%

$2
62

.3
5

$3
83

.5
3

A
fte

r
20

14
$2

76
.5
8

$2
22

.4
3

$3
43

.9
2

N
eu
ro
su
rg
eo
n
A
nn
ua
lC
ol
le
ct
io
ns
pe
r
W
R
V
U
s

Ph
ys
ic
ia
ns

Be
fo
re

20
14

$9
8.
82

↓
−
1.
17

%
$8

5.
37

$1
14

.3
8

A
fte

r
20

14
$9

7.
66

$7
8.
54

$1
21

.4
3

H
os
pi
ta
l

Be
fo
re

20
14

$7
4.
72

↓
−
8.
65

%
$6

8.
10

$8
1.
97

A
fte

r
20

14
$6

8.
26

$6
0.
49

$7
7.
04

A
ca
de
m
ic

Be
fo
re

20
14

$8
4.
63

↑
1.
58

%
$6

8.
63

$1
04

.3
7

A
fte

r
20

14
$8

5.
97

$6
9.
29

$1
06

.6
8

N
eu
ro
su
rg
eo
n
A
nn
ua
lC
om

pe
ns
at
io
n
pe
r
W
R
V
U
s

Ph
ys
ic
ia
ns

Be
fo
re

20
14

$8
1.
30

↓
−
7.
08

%
$7

3.
02

$9
0.
52

A
fte

r
20

14
$7

5.
54

$6
5.
86

$8
6.
63

H
os
pi
ta
l

Be
fo
re

20
14

$7
9.
80

↑
2.
33

%
$7

1.
79

$8
8.
70

A
fte

r
20

14
$8

1.
66

$7
1.
49

$9
3.
27

A
ca
de
m
ic

Be
fo
re

20
14

$7
4.
01

↑
10

.2
6%

$5
0.
52

$1
08

.4
3

A
fte

r
20

14
$8

1.
60

$6
2.
53

$1
06

.4
9

*I
ns
uffi

ci
en
td

at
a
to

pe
rf
or
m

an
al
ys
is
.

**
p
<

0.
05
.

Ph
ys
ic
ia
ns

(P
hy
si
ci
an
-o
w
ne
d
pr
iv
at
e
pr
ac
tic
es
),
H
os
pi
ta
l(
H
os
pi
ta
l-e
m
pl
oy
ed
)
A
ca
de
m
ic
(A
ca
de
m
ic
pr
ac
tic
es
).

O. Awan, et al. Clinical Neurology and Neurosurgery 184 (2019) 105406

5



References

[1] R.F. Spetzler, S.A. Kick, The Status of Neurosurgery in the United States: 2010 and
Beyond, World Neurosurg. 74 (2010) 32–40, https://doi.org/10.1016/J.WNEU.
2010.02.011.

[2] W.C. Hsiao, P. Braun, E.R. Becker, S.R. Thomas, The resource-based relative value
scale, JAMA. 258 (1987) 799, https://doi.org/10.1001/jama.1987.
03400060075033.

[3] W.C. Hsiao, D.B. Yntema, P. Braun, D. Dunn, C. Spencer, Measurement and analysis
of intraservice work, JAMA J. Am. Med. Assoc. 260 (1988) 2361, https://doi.org/
10.1001/jama.1988.03410160035005.

[4] W.C. Hsiao, N.P. Couch, N. Causino, E.R. Becker, T.R. Ketcham, D.K. Verrilli,
Resource-based relative values for invasive procedures performed by eight surgical
specialties, JAMA J. Am. Med. Assoc. 260 (1988) 2418, https://doi.org/10.1001/
jama.1988.03410160094011.

[5] S.E. Johnson, W.P. Newton, Family Medicine Resource-based Relative Value Units:
A Primer for Academic Family Physicians, (2002) (Accessed October 28 2018),
www.hcfa.gov/stats/carrpuf.htm.

[6] B. Obama, United States health care reform, JAMA. 316 (2016) 525, https://doi.
org/10.1001/jama.2016.9797.

[7] A.B. Martin, M. Hartman, J. Benson, A. Catlin, the N.H.E.A. team, National health
spending in 2014: faster growth driven by coverage expansion and prescription
drug spending, Health Aff. 35 (2016) 150–160, https://doi.org/10.1377/hlthaff.
2015.1194.

[8] S.M. Siddique, S.J. Mehta, Market evaluation: finances, bundled payments, and
accountable care organizations, Anesthesiol. Clin. 35 (2017) 715–724, https://doi.
org/10.1016/J.ANCLIN.2017.08.005.

[9] NHE-Fact-Sheet, (2018) (Accessed October 23 2018), https://www.cms.gov/
research-statistics-data-and-systems/statistics-trends-and-reports/
nationalhealthexpenddata/nhe-fact-sheet.html.

[10] J.A. Hirsch, T.M. Leslie-Mazwi, A.B. Patel, J.D. Rabinov, R.G. Gonzalez, R.M. Barr,
G.N. Nicola, R.P. Klucznik, C.J. Prestigiacomo, L. Manchikanti, MACRA: back-
ground, opportunities and challenges for the neurointerventional specialist, J.
Neurointerv. Surg. 8 (2016) 868–874, https://doi.org/10.1136/neurintsurg-2015-
011952.

[11] G. Spilberg, G.N. Nicola, A.B. Rosenkrantz, E. Silva Iii, C.M. Schirmer,
B.B. Ghoshhajra, N. Choradia, R. Do, J.A. Hirsch, Understanding the impact of
“cost” under MACRA: a neurointerventional imperative!, J. Neurointerv. Surg. 10
(2018) 1005–1011, https://doi.org/10.1136/neurintsurg-2018-013972.

[12] L.K. Jones, M. Raphaelson, A. Becker, A. Kaloides, E. Scharf, E. Scharf, MACRA and
the future of value-based care, Neurol. Clin. Pract. 6 (2016) 459–465, https://doi.
org/10.1212/CPJ.0000000000000296.

[13] D.H. Kim, T.F. Dagi, J.R. Bean, Neurosurgical practice in transition: a review,

Neurosurgery. 80 (2017) S4–S9, https://doi.org/10.1093/neuros/nyx008.
[14] Neurosurgery Executives’ Resource Value & Education Society, NERVES Socio-

Economic Survey, (2017) (Accessed October 31 2018), https://www.nervesadmin.
com/socio-economic-survey.

[15] Neurosurgery Executives’ Resource Value & Education Society, Socioeconomic
Survey 2012-2017Reports, n.d.

[16] D.C. Montgomery, E.A. Peck, G.G. Vining, Introduction to Linear Regression
Analysis, (2012).

[17] US Bureau of Labor Statistics, Civilian Unemployment Rate [UNRATE], Fed. Reserv.
Bank St. Louis, 2018, https://fred.stlouisfed.org/series/UNRATE/.

[18] Organization for Economic Co-operation and Development, Employment Rate:
Aged 15-64: All Persons for the United States [LREM64TTUSM156S], Fed. Reserv.
Bank St. Louis, 2018, https://fred.stlouisfed.org/series/LREM64TTUSM156S.

[19] N.W. Villelli, R. Das, H. Yan, W. Huff, J. Zou, N.M. Barbaro, Impact of the 2006
Massachusetts health care insurance reform on neurosurgical procedures and pa-
tient insurance status, J. Neurosurg. 126 (2017) 167–174, https://doi.org/10.3171/
2015.7.JNS15786.

[20] N.W. Villelli, H. Yan, J. Zou, N.M. Barbaro, The impact of the 2006 Massachusetts
health care reform law on spine surgery patient payer-mix status and age, J.
Neurosurg. Spine 27 (2017) 694–699, https://doi.org/10.3171/2017.4.
SPINE161141.

[21] J.M. Pines, R. Ladhania, B.S. Black, C.K. Corbit, J.N. Carlson, A. Venkat, Changes in
reimbursement to emergency physicians after medicaid expansion under the patient
protection and affordable care act, Ann. Emerg. Med. 73 (2019) 213–224, https://
doi.org/10.1016/j.annemergmed.2018.10.020.

[22] S.T. Parente, R. Feldman, J. Spetz, B. Dowd, E.E. Baggett, Wage growth for the
health care workforce: projecting the affordable care act impact, Health Serv. Res.
52 (2017) 741–762, https://doi.org/10.1111/1475-6773.12497.

[23] US Bureau of Labor Statistics, Consumer Price Index for All Urban Consumers:
Medical Care Services [CUSR0000SAM2], Fed. Reserv. Bank St. Louis, 2018,
https://fred.stlouisfed.org/series/CUSR0000SAM2.

[24] U.S. Bureau of the Census, Real Median Personal Income in the United States
[MEPAINUSA672N], Fed. Reserv. Bank St. Louis, 2018, https://fred.stlouisfed.org/
series/MEPAINUSA672N.

[25] Congress of Neurological Surgeons and American Association of Neurological
Surgeons, Health Care Reform Survey of Neurosurgical Leaders, (2017) https://
www.cns.org/sites/default/files/legislative/health_care_reform_survey_of_
neurosurgical_leaders.pdf.

[26] American Association of Neurological Surgeons, American Board of Neurological
Surgery, Congress of Neurological Surgeons, Society of Neurological Surgeons,
Ensuring An Adequate Neurosurgical Workforce for the 21st Century, (2012) (ac-
cessed March 14, 2019), https://www.aans.org/pdf/Legislative/Neurosurgery
%20IOM%20GME%20Paper%2012%2019%2012.pdf.

O. Awan, et al. Clinical Neurology and Neurosurgery 184 (2019) 105406

6

https://doi.org/10.1016/J.WNEU.2010.02.011
https://doi.org/10.1016/J.WNEU.2010.02.011
https://doi.org/10.1001/jama.1987.03400060075033
https://doi.org/10.1001/jama.1987.03400060075033
https://doi.org/10.1001/jama.1988.03410160035005
https://doi.org/10.1001/jama.1988.03410160035005
https://doi.org/10.1001/jama.1988.03410160094011
https://doi.org/10.1001/jama.1988.03410160094011
arxiv:/www.hcfa.gov/stats/carrpuf.htm
https://doi.org/10.1001/jama.2016.9797
https://doi.org/10.1001/jama.2016.9797
https://doi.org/10.1377/hlthaff.2015.1194
https://doi.org/10.1377/hlthaff.2015.1194
https://doi.org/10.1016/J.ANCLIN.2017.08.005
https://doi.org/10.1016/J.ANCLIN.2017.08.005
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://doi.org/10.1136/neurintsurg-2015-011952
https://doi.org/10.1136/neurintsurg-2015-011952
https://doi.org/10.1136/neurintsurg-2018-013972
https://doi.org/10.1212/CPJ.0000000000000296
https://doi.org/10.1212/CPJ.0000000000000296
https://doi.org/10.1093/neuros/nyx008
https://www.nervesadmin.com/socio-economic-survey
https://www.nervesadmin.com/socio-economic-survey
http://refhub.elsevier.com/S0303-8467(19)30202-1/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30202-1/sbref0080
https://fred.stlouisfed.org/series/UNRATE/
https://fred.stlouisfed.org/series/LREM64TTUSM156S
https://doi.org/10.3171/2015.7.JNS15786
https://doi.org/10.3171/2015.7.JNS15786
https://doi.org/10.3171/2017.4.SPINE161141
https://doi.org/10.3171/2017.4.SPINE161141
https://doi.org/10.1016/j.annemergmed.2018.10.020
https://doi.org/10.1016/j.annemergmed.2018.10.020
https://doi.org/10.1111/1475-6773.12497
https://fred.stlouisfed.org/series/CUSR0000SAM2
https://fred.stlouisfed.org/series/MEPAINUSA672N
https://fred.stlouisfed.org/series/MEPAINUSA672N
https://www.cns.org/sites/default/files/legislative/health_care_reform_survey_of_neurosurgical_leaders.pdf
https://www.cns.org/sites/default/files/legislative/health_care_reform_survey_of_neurosurgical_leaders.pdf
https://www.cns.org/sites/default/files/legislative/health_care_reform_survey_of_neurosurgical_leaders.pdf
https://www.aans.org/pdf/Legislative/Neurosurgery%20IOM%20GME%20Paper%2012%2019%2012.pdf
https://www.aans.org/pdf/Legislative/Neurosurgery%20IOM%20GME%20Paper%2012%2019%2012.pdf

	Reimbursement patterns for neurosurgery: Analysis of the NERVES survey results from 2011–2016
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




