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sts of primary surgery, revisions, and selected com-
plications for adult spinal deformity (ASD) have been individually reported in the literature, the
total costs over several years after surgery have not been assessed. The determinants of such costs
are also not well understood in the literature.
PURPOSE: This study analyzes the total hospital costs and operating room (OR) costs of ASD
surgery through extended follow-up.
STUDY DESIGN/SETTING: Single-center retrospective analysis of consecutive surgical
patients.
PATIENT SAMPLE: Four hundred eighty-four consecutive patients undergoing surgical treat-
ment for ASD from January 2005 through January 2011 with minimum three levels fused.
OUTCOME MEASURES: Costs were collected from hospital administrative data on the total
hospital costs incurred for the operation and any related readmissions, expressed in 2010 dollars
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and discounted at 3.5% per year. Detailed data on OR costs, including implants and biologics, were
also collected.
METHODS: We performed a series of paired t tests and Wilcoxon signed-rank tests for differen-
ces in total hospital costs over different follow-up periods. The goal of these tests was to identify a
time period over which average costs plateau and remain relatively constant over time. Generalized
linear model regression was used to estimate the effect of patient and surgical factors on hospital
inpatient costs, with different models estimated for different follow-up periods. A similar regression
analysis was performed separately for OR costs and all other hospital costs.
RESULTS: Patients were predominantly women (n5415 or 86%) with an average age of 48
(18–82) years and an average follow-up of 4.8 (2–8) years. Total hospital costs averaged
$120,394, with primary surgery averaging $103,143 and total readmission costs averaging
$67,262 per patient with a readmission (n5130 or 27% of all patients). Operating room costs aver-
aged $70,514 per patient, constituting the majority (59%) of total hospital costs. Average total hos-
pital costs across all patients significantly increased (p!.01) after primary surgery, from $111,807
at 1-year follow-up to $126,323 at 4-year follow-up. Regression results also revealed physician
preference as the largest determinant of OR costs, accounting for $14,780 of otherwise unexplained
OR cost differences across patients, with no significant physician effects on all other non-OR costs
(p!.05).
CONCLUSIONS: The incidence of readmissions increased the average cost of ASD surgery by
more than 70%, illustrating the financial burden of revisions/reoperations; however, the cost burden
resulting from readmissions appeared to taper off within 5 years after surgery. The estimated impact
of physician preference on OR costs also highlights the variation in current practice and the oppor-
tunity for large cost reductions via a more standardized approach in the use of implants and biolog-
ics. � 2014 Elsevier Inc. All rights reserved.
Keywords: Adult spinal deformity; Hospital costs; Implant costs; Cost-effectiveness; Spine fusion; Physician preference
Introduction

Because of high costs and increasing frequency, complex
spine surgery has become a subject of intense economic scru-
tiny over the past several years [1–3]. One of the lesser studied
but fastest growing and most expensive areas of spine surgery
is the surgical correction of scoliosis and adult spinal deform-
ity (ASD). From 2000 to 2010, the total number of spine sur-
geries for an International Classification of Diseases, ninth
edition (ICD-9), principal diagnosis of ‘‘curvature of the
spine’’ increased from 9,400 to more than 20,600, with a five-
fold increase amongMedicarebeneficiaries (1,100–5,800) [4].
This compares with just a 20% increase in the frequency of all
other spine primary diagnosis codes over the same time period
(from 675,500 in 2000 to 813,800 in 2010) [4]. Including sec-
ondary diagnoses, there were more than 223,000 hospitaliza-
tions associated with a discharge diagnosis of curvature of
the spine in 2010 [4]. In total, it has been estimated that as
much as 32% of the adult population suffers from scoliosis,
with a prevalence of 60% among the elderly [5–8].

Although the literature on the cost of ASD surgery re-
mains somewhat sparse, it is clear that surgical treatment
for ASD is expensive. Based on nationwide data from the
Healthcare Cost and Utilization Project, hospital costs for
a principal diagnosis of curvature of the spine averaged
$54,000 in 2010, compared with $17,000 for more common
spine procedures (ICD-9 720-724) [4]. Specific figures for
more complex multilevel fusions based on hospital data es-
timate the cost incurred by the hospital for ASD surgery
closer to $70,000 excluding overhead, which can easily
exceed $100,000 after accounting for overhead allocation
[3]. These figures do not include costs of readmissions sub-
sequent to the initial surgery, which have been estimated to
cost on average between $65,000 and $80,000 per readmis-
sion [9]. Also note that the average cost of ASD surgery
often far exceeds the DRG-based Medicare reimbursement,
which in 2010 averaged less than $65,000 per surgery for a
453 diagnosis related group (combined anterior and
posterior spinal fusion with major comorbidities or
complications).

Whereas the costs of primary surgery, revisions, and se-
lected complications for ASD have been individually reported
in the literature, the total costs over several years after surgery
have not been assessed. Given the incidence of readmissions
after surgery, understanding the total per-patient cost of surgi-
cal care is critical in accurately assessing the value of surgical
treatment for ASD. Moreover, although it is largely perceived
that implants, biologics, and other high-price supplies consti-
tute themajority of costs inASDsurgery, these costs relative to
the total cost of surgery have not been quantified in the ASD
literature. The purpose of this study was therefore to estimate
total per-patient hospital costs incurred for the surgical treat-
ment of ASD over several years and the specific costs associ-
ated with operating room (OR) supplies.
Methods

This was a single-center retrospective analysis of 484 con-
secutive patients undergoing surgical treatment for ASD from



Context
In the era of health care reform, and with accountable

care and risk-based reimbursement models on the rise,

understanding the causes of variation within spine surgi-

cal care and their resultant impact on costs is imperative.

The authors examined causes for variation in total

hospital costs for the surgical treatment of adult spinal

deformity within a single center.

Contribution
The authors’ results indicate that physician preference is

a major driver of operating costs which, in turn, repre-

sents the largest component of total hospital costs. Per-

haps not surprisingly, hospital readmission and revision

surgery also elevated costs. The authors maintain that

broad savings can be appreciated by standardizing ap-

proaches to the use of spinal implants and biologics.

Implications
This investigation provides useful information on a very

salient topic, amply illustrating the impact of surgeon

decision-making on health care expenditures within the

operative management of spinal disorders. Nonetheless,

this effort is limited by its retrospective design and reli-

ance on a single center’s experience, comprised of the

practice patterns on only three surgeons. Thus, there is

likely even less variation within this study as compared

to spine surgical performance nationwide. More investi-

gations of this kind, on a larger level, are clearly neces-

sary to characterize the impact of physician practice and

surgical decision making on payment variation within

the field of spine surgery.
—The Editors
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January 2005 to January 2011. All surgeries were performed
by one of the three surgeons, who are board-certified orthope-
dic surgeonswith fellowship training in spine deformity. Costs
were collected from hospital administrative data on the total
hospital costs incurred for the operation and any related read-
missions, expressed in 2010dollars anddiscounted at 3.5%per
year [10]. Hospital costs collected include overhead and all di-
rect supply costs incurred by the hospital but do not include la-
bor costs of nonhospital employees (eg, surgeon and
anesthesiologist).Operating roomcosts include all direct costs
incurred during the operation, the majority of which were im-
plants and biologics. Examples of otherORcosts include putty
and sealants. Additional data collected included patient dem-
ographics such as age, Charlson comorbidity index (CCI),
race, andgender and surgical data suchas the length ofhospital
stay, number of levels fused, and the surgical approach (poste-
rior, anterior, or combined). Becausewe include age as its own
variable of interest, we removed age effects in our CCI meas-
ure. Surgical data on the number of levels fused and the
surgical approach were identified by ICD-9 procedure codes
from the hospital administrative data.

Wefirst performed a series of paired t tests for differences in
average costs over different follow-up periods and Wilcoxon
signed-rank tests for differences in the overall distribution of
costs. For example, we estimated the mean hospital cost at in-
dex surgery and compared that value with the mean hospital
cost after 1-year follow-up among the same patients. Similar
tests were performed for 1- versus 2-year follow-up, etc. The
goal of these tests was to identify a time period over which
average costs plateau and remain relatively constant over time.
Qualitatively, these tests speak to the durability of surgical
treatment forASD, helping to identify a time period pastwhich
readmissions are infrequent enoughor sufficiently inexpensive
so that average costs across all patients no longer increase. Dif-
ferences in costs across patient groups (agegroups, procedures,
and diagnoses) were also assessed using analysis of variance.

Amultivariable regressionmodelwas also used to estimate
the effect of patient and surgical factors on hospital surgical
costs. Because of the right-skewed nature of the cost distribu-
tion, we estimated a generalized linear model (GLM) with
gamma distribution and log-link function. Unlike ordinary
least squares with a log-transformed dependent variable, the
use of GLM with log-link function preserves the standard in-
terpretation of regression coefficients in terms of the effect
of an independent variable on average costs [10]. Our specifi-
cation of the gamma distributionwas based on amodifiedPark
test as suggested by Manning and Mullahy [11].

All analyses were performed using Stata 12.1 (StataCorp
LP, College Station, TX, USA), and institutional review
board approval was obtained.
Results

We identified 484 consecutive ASD surgeries with at
least three levels fused. Patients were predominantly wom-
en (n5415 or 86%) with an average age of 48 (range 18–
82) years and an average follow-up of 4.8 (range 2–8)
years. Total hospital costs of surgical treatment averaged
$120,394, with primary surgery averaging $103,143 and to-
tal readmission costs averaging $67,262 per patient with a
readmission. A total of 130 patients (27%) were readmitted
for a spine-related procedure over the follow-up period,
with total costs averaging $174,629 among those readmit-
ted compared with $100,477 for those without a readmis-
sion. Operating room costs averaged $70,514 per patient,
constituting the majority (59%) of total hospital costs.
Table 1 summarizes patient and surgical characteristics
(for the index surgery), the average cost figures, and inter-
quartile ranges.
Initial statistical analyses

A pairwise comparison of average costs in years 1 to 5 is
summarized in Tables 2 and 3. Table 2 presents the average



Table 1

Summary statistics

Categorical variables Count %

Female 415 85.7

Race

White 450 93.0

Black 20 4.1

Index diagnosis (ICD-9)

737.10 20 4.1

737.30 447 92.4

Other 737 17 3.5

Index approach

Anterior only 25 5.2

Posterior only 11 2.3

Combined 402 83.1

Missing 46 9.5

Index levels fused

3–7 165 34.1

$8 319 65.9

CCI

0 192 39.7

1–2 237 49.0

$3 55 11.4

Continuous variables Mean (SD) Interquartile range

Age 48.43 (14.63) 36.90–59.42

Length of stay 6.89 (3.58) 5.00–8.00

Total cost ($) 120,394 (60,822) 78,459–144,191

Index cost ($) 103,143 (39,655) 75,330–123,782

Readmission cost ($) 67,262 (63,250) 17,899–98,971

Total OR cost* ($) 70,514 (39,501) 41,053–93,341

Follow-up years 4.79 (1.68) 3.38–6.12

CCI, Charlson comorbidity index; ICD-9, International Classification

of Diseases, ninth revision; OR, operating room; SD, standard deviation.

* Total hospital costs incurred for the OR including implants and

biologics.
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cost figures for all patients available in each year-to-year
comparison. The patient counts therefore differ across col-
umns because, by construction, there are more patients with
minimum 2-year follow-up than there are patients with
minimum 3-year follow-up. Table 3 limits the analysis only
to those patients with surgeries performed at least 4 years
before. In both analyses, the results show that average costs
Table 2

Total costs by follow-up period—all patients

Index vs. year 1 Year 1 vs. year 2 Year 2 vs.

Patients 484 484 394

Cost at time t ($) 103,143 (39,655) 111,807 (52,274) 117,011 (5

Cost at time tþ1 ($) 111,807 (52,274) 115,190 (55,259) 121,229 (6

Difference ($) 8,663 3,383 4,218

Lower 95% CI 6,075 1,964 1,846

Upper 95% CI 11,251 4,802 6,590

Test of means* !.001 !.001 !.001

Test of distributionsy !.001 !.001 !.001

CI, confidence interval.

Note: Standard deviations in parentheses. Increases in average costs reflect ad

1 versus Year 2 column considers patients with minimum 2-year follow-up, Year

etc.

* p Values based on Student t test of differences in average costs in respecti
y p Values based on nonparametric test of equal distributions based on the W
significantly increased (p!.01) from index up to 4 years
after surgery, with no statistical differences at Year 5 and
onward. From Table 2, average costs increased from
$103,143 at index to $111,807 at 1-year, $115,190 at
2-year, $121,229 at 3-year, and $126,323 at 4-year
follow-ups. Similar trends emerged when limiting the anal-
ysis only to patients with minimum 4-year follow-up
(Table 3). Per-patient costs did not significantly increase
in successive follow-up periods beyond 4 years (pO.05).

Table 4 summarizes the results of several univariate tests
of differences in surgical costs across patient age groups,
diagnoses, and procedures. The results reveal statistically
significant differences in both index costs and total costs
across patient age groups and levels fused and significant
differences in index costs across surgical approaches and
marginally significant differences in total costs.

Regression analysis for total hospital costs

We estimated GLM regressions to better quantify the
extent to which observable patient factors affect the costs
of surgery. Our regression specified costs of surgery as a
function of observable characteristics in Table 1, with sep-
arate models estimated for index and total costs through
each subsequent year of follow-up. Results are summarized
in Table 5.

The GLM regression results reveal two important find-
ings. First, age, length of stay, and levels fused each had
a significant positive effect on the cost of index surgery
(Table 5). Because of the GLM specification, expected
costs are a nonlinear function of the coefficients and cova-
riates. Marginal effects are therefore not directly discerni-
ble from the coefficients in Table 5 and were instead
calculated separately for an average surgical patient [12].
The marginal effect calculations indicated that surgeries
with eight or more levels fused were estimated to increase
cost of index surgery on average by approximately $14,100
relative to a surgery with three to seven levels fused. Sim-
ilarly, average index costs increased by approximately
$2,600 with a 1-year increase in patient age and by
year 3 Year 3 vs. year 4 Year 4 vs. year 5 Year 5 vs. year 6

300 206 130

7,131) 124,597 (65,047) 122,663 (62,562) 122,602 (63,570)

1,877) 126,323 (66,274) 123,298 (62,532) 124,207 (65,166)

1,726 635 1,604

457 49 256

2,995 1,319 3,465

.008 .069 .090

.003 .025 .083

ditional hospital costs incurred from related readmissions or revisions. Year

2 versus Year 3 column considers patients with minimum 3-year follow-up,

ve years.

ilcoxon signed-rank test.



Table 3

Total costs by follow-up period—patients with minimum 4-year follow-up

Index vs. year 1 Year 1 vs. year 2 Year 2 vs. year 3 Year 3 vs. year 4

Patients 300 300 300 300

Cost at time t ($) 103,027 (41,179) 114,865 (56,168) 119,375 (59,590) 124,597 (65,047)

Cost at time tþ1 ($) 114,865 (56,168) 119,375 (59,590) 124,597 (65,047) 126,323 (66,274)

Difference ($) 11,839 4,510 5,222 1,726

Lower 95% CI 7,974 2,367 2,174 457

Upper 95% CI 15,703 6,653 8,269 2,995

Test of means* !.001 !.001 !.001 .008

Test of distributionsy !.001 !.001 !.001 .003

CI, confidence interval.

Note: Standard deviations in parentheses. Increases in average costs reflect additional hospital costs incurred from related readmissions or revisions.

* p Values based on Student t test of differences in average costs in respective years.
y p Values based on nonparametric test of equal distributions based on the Wilcoxon signed-rank test.
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approximately $4,600 with an additional day in the hospi-
tal. These results are broadly consistent with previous stud-
ies on the costs of surgical treatment for ASD [3].

Second, additional variables including gender and sur-
gical approach are estimated to have significant effects on
long-term costs of surgery despite having no significant
effect on the cost of index surgery. Specifically, surgeries
for patients with a combined anterior and posterior ap-
proach were on average $14,800 more expensive after 3
years compared with those with only anterior or posterior
approach. Similarly, costs after 3 years were estimated to
be $14,700 more for patients with higher adjusted CCI.
This result arose because of the combined effect of higher
cost of readmissions and higher incidence of readmission
for those with a combined posterior and anterior approach
and higher CCI at index. Female patients were also
Table 4

Univariate statistical analyses

Variable name Count Index cost ($) Total cost ($)

Age group (y)

!45 174 86,658 (35,954) 98,612 (48,750)

45–60 202 110,169 (36,864) 129,850 (63,494)

60þ 108 116,563 (41,698) 137,802 (63,538)

p Value !.001 !.001

ICD-9 principal diagnosis at index

737.30 447 103,591 (39,993) 119,992 (60,477)

737.10 20 103,376 (41,307) 140,314 (71,553)

Other 17 91,113 (26,477) 107,537 (54,460)

p Value .445 .232

Levels fused at index

3–7 165 92,009 (37,933) 108,352 (58,521)

$8 319 108,903 (39,354) 126,623 (61,143)

p Value !.001 .002

Surgical approach at index

Posterior only 11 82,970 (18,333) 86,021 (20,038)

Anterior only 25 82,204 (37,531) 104,736 (56,726)

Combined 402 105,415 (40,207) 122,980 (62,401)

Missing codes 46 99,498 (35,272) 114,526 (51,795)

p Value .009 .097

ICD-9, International Classification of Diseases, ninth revision.

Note: Standard deviations in parentheses. p Values for levels are fused

based on Student t test. All other p values are based on analysis of

variance.
associated with statistically significantly lower follow-up
costs, despite no significant cost differences at index. Gen-
eralized linear model regressions limited to the 300 pa-
tients with 4-year follow-up revealed similar trends, with
surgical approach, CCI, and gender having significant ef-
fects on follow-up costs but no significant effect on index
costs.

Regression analysis for OR costs and non-OR costs

Weestimated similarGLM regressions specifically forOR
costs and all other non-OR costs, summarized in Tables 6 and
7, respectively. We excluded length of stay in these regres-
sions becauseORcosts are incurred before discharge andgen-
erally invariant to additional days in the hospital.

In both Tables 6 and 7, we highlight the physician-fixed
effects to illustrate the role of physician preference in OR
costs versus all other costs. For example, the ‘‘physician
C’’ fixed effect of 0.23 reflects a statistically significant in-
crease in OR costs at index surgery of $14,780, after adjust-
ing for other observed patient and surgical variables. Similar
effects persist at additional follow-up periods. Meanwhile,
no significant physician effects emerge for all non-OR costs.

Comparing Tables 6 and 7 also reveals broad differences
in the determination of OR versus non-OR costs. Namely,
few variables emerge as significant factors in the non-OR
cost regressions (Table 7). Intuitively, this is reflective of
more ‘‘noise’’ in the non-OR cost regressions.
Discussion

The statistical analyses reveal several points. First, aver-
age hospital costs significantly increase over the first 5
years of surgery, suggesting that relatively short-term stud-
ies (particularly those with only 1- or 2-year follow-up) on
the average costs of ASD surgery will tend to underestimate
the full cost of treatment. This finding calls for long-term
follow-up for effective economic evaluation of ASD sur-
gery or at least consideration of the additional costs in-
curred over time. The finding also speaks to the potential
long-term cost-effectiveness of surgical treatment because



Table 5

GLM regression results for all hospital costs

Variable name Index costs 1-y costs 2-y costs 3-y costs 4-y costs 5-y costs

Constant 10.108 (0.125) 10.253 (0.171) 10.255 (0.178) 10.248 (0.228) 10.422 (0.271) 10.532 (0.331)

Age 0.026 (0.005) 0.023 (0.007) 0.027 (0.007) 0.030 (0.010) 0.024 (0.012) 0.019 (0.015)

Female �0.062 (0.036) L0.116 (0.050) L0.119 (0.051) �0.126 (0.065) �0.121 (0.079) �0.060 (0.094)

LOS 0.046 (0.004) 0.047 (0.005) 0.047 (0.005) 0.048 (0.007) 0.047 (0.008) 0.044 (0.010)

Adjusted CCIO0* 0.040 (0.028) 0.082 (0.039) 0.074 (0.041) 0.122 (0.051) 0.169 (0.063) 0.140 (0.077)

Anterior/posterior 0.060 (0.037) 0.096 (0.051) 0.112 (0.053) 0.132 (0.063) 0.163 (0.070) 0.182 (0.074)

Levels fused $8 0.145 (0.027) 0.154 (0.037) 0.177 (0.039) 0.185 (0.046) 0.148 (0.056) 0.159 (0.067)

Observations 484 484 484 394 300 206

Log likelihood �6,054 �6,091 �6,105 �4,990 �3,811 �2,613

CCI, Charlson comorbidity index; GLM, generalized linear model.

Note: Robust standard errors in parentheses. Values in bold indicate significance at the 95% confidence level. The regression models also included age-

squared and physician- and year-fixed effects.

* Adjusted CCI after removing the effect of age.
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the average per-patient costs of surgery appear steady after
4 to 5 years, whereas patients may continue to incur costs
of nonoperative treatment over a long-time period. If this
were the case, then the incremental costs of surgery com-
pared with nonoperative care would ultimately decrease
over the long term. However, until the long-term durability
and costs of ASD surgery and nonoperative care are appro-
priately quantified in the literature, such long-term conclu-
sions remain uncertain.

Our analysis also helps to place the potential cost-
effectiveness of surgical treatment in proper perspective.
For example, if we treat hospital costs as the incremental
costs of surgery relative to nonoperative treatment, then
$120,000 in costs over a 5-year period would require an in-
cremental quality-adjusted life-year (QALY) improvement
of 2.4 QALYs over 5 years to reach the commonly used
$50,000 dollar-per-QALY threshold. This is equivalent to
nearly 0.5 QALYs per year. Reaching a higher $100,000
dollar-per-QALY threshold would require an incremental
improvement from surgery of 1.2 QALYs (ore0.25 QALYs
per year). Based on the current literature on ASD surgery
and quality of life, neither of these values (0.25 or 0.5
Table 6

GLM regression results for OR supply costs

Variable name Index costs 1-y costs 2-y costs

Constant 8.954 (0.265) 8.965 (0.282) 9.144 (

Physician B (vs. A) 0.134 (0.065) 0.115 (0.069) 0.082 (

Physician C (vs. A) 0.235 (0.056) 0.215 (0.060) 0.214 (

Age 0.050 (0.010) 0.050 (0.010) 0.053 (

Female �0.088 (0.066) �0.095 (0.070) �0.099 (

Adjusted CCIO0* 0.039 (0.051) 0.043 (0.055) 0.039 (

Anterior/posterior 0.129 (0.076) 0.139 (0.081) 0.156 (

Levels fused $8 0.167 (0.050) 0.151 (0.053) 0.172 (

Observations 428 428 428

Log likelihood �5,142 �5,161 �5,170

CCI, Charlson comorbidity index; GLM, generalized linear model; OR, oper

Note: Robust standard errors in parentheses. Values in bold indicate significa

squared and year-fixed effects.

* Adjusted CCI after removing the effect of age.
QALYs per year) is feasible on average [9–14]. Therefore,
although there are multiple other avenues by which to im-
prove cost-effectiveness, it seems clear that real improve-
ment in the cost-effectiveness of ASD surgery requires
some level of cost reduction moving forward.

The analysis also quantified the impact of observable
factors on index costs and long-term costs of surgery. Re-
gression results identified some factors (including surgical
approach, CCI, and gender) as having a statistically signifi-
cant effect on total costs despite having no statistical effect
on the index cost of surgery. This result was not purely be-
cause of incidence of readmissions and was instead because
of both the incidence of readmission and the cost of the re-
vision surgeries. In other words, the effect of a combined
posterior and anterior approach on total costs of surgery
was not driven solely by the increased risk of readmission
but also by the fact that subsequent revision surgeries were
marginally more expensive for those undergoing a com-
bined posterior and anterior approach at index. This is not
to say that a combined anterior and posterior approach
causes an increased risk of readmission but rather that the
nature of patients undergoing a combined approach are at
3-y costs 4-y costs 5-y costs

0.280) 9.485 (0.274) 9.623 (0.333) 9.597 (0.447)

0.069) 0.136 (0.069) 0.147 (0.083) 0.046 (0.111)

0.059) 0.250 (0.055) 0.280 (0.074) 0.210 (0.108)

0.010) 0.041 (0.011) 0.034 (0.013) 0.039 (0.019)

0.069) L0.184 (0.067) L0.189 (0.086) �0.113 (0.116)

0.054) 0.051 (0.054) 0.062 (0.068) 0.090 (0.092)

0.081) 0.117 (0.074) 0.124 (0.086) 0.127 (0.098)

0.052) 0.181 (0.049) 0.145 (0.061) 0.117 (0.083)

338 244 150

�4,141 �2,994 �1,847

ating room.

nce at the 95% confidence level. The regression models also included age-



Table 7

GLM regression results for all costs excluding OR supplies

Variable name Index costs 1-y costs 2-y costs 3-y costs 4-y costs 5-y costs

Constant 10.030 (0.267) 10.053 (0.322) 10.272 (0.334) 10.187 (0.441) 10.509 (0.479) 10.657 (0.592)

Physician B (vs. A) 0.086 (0.062) 0.140 (0.075) 0.085 (0.077) �0.058 (0.110) �0.111 (0.121) �0.035 (0.147)

Physician C (vs. A) 0.102 (0.055) 0.073 (0.067) 0.108 (0.069) 0.104 (0.089) 0.080 (0.121) 0.205 (0.143)

Age �0.001 (0.010) �0.003 (0.011) 0.004 (0.011) 0.018 (0.016) 0.011 (0.019) �0.004 (0.024)

Female �0.015 (0.066) �0.088 (0.079) �0.097 (0.082) �0.075 (0.113) �0.095 (0.128) 0.007 (0.158)

Adjusted CCIO0* 0.086 (0.051) 0.143 (0.062) 0.122 (0.064) 0.248 (0.085) 0.318 (0.097) 0.214 (0.125)

Anterior/posterior �0.071 (0.073) �0.017 (0.089) 0.028 (0.093) 0.099 (0.116) 0.194 (0.121) 0.258 (0.128)

Levels fused $8 0.115 (0.050) 0.106 (0.060) 0.113 (0.062) 0.112 (0.078) 0.021 (0.088) !0.001 (0.109)

Observations 428 428 428 338 244 150

Log likelihood �4,930 �4,979 �5,001 �3,928 �2,864 �1,748

CCI, Charlson comorbidity index; GLM, generalized linear model; OR, operating room.

Note: Robust standard errors in parentheses. Values in bold indicate significance at the 95% confidence level. The regression models also included age-

squared and year-fixed effects.

* Adjusted CCI after removing the effect of age.
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higher risk of readmission and thus more likely to incur ad-
ditional costs of care after index surgery. A similar interpre-
tation holds for patients with a higher CCI.

Additional analysis identified large differences in the de-
terminants of OR versus non-OR costs. Importantly, physi-
cian preference emerged as the single largest factor in OR
costs, accounting for nearly $15,000 in cost differences
after adjusting for observable patient and surgical factors.
With increasing scrutiny placed on the costs of complex
spine fusion surgeries, this result highlights the opportunity
for meaningful cost reduction via a more standardized ap-
proach in the use of implants and biologics.

Finally, the analysis may serve as a starting point for
discussion of bundled payments or capitated payment
models as payers look to shift the risk and responsibility
for readmissions onto the provider. For example, just 1
year after index surgery, average costs across all patients
increased by more than 10% because of readmissions. If
a payment model is intended to cover costs of index sur-
gery plus the following 6-month or 1-year period, failure
to account for this increase in average costs would have
significant negative financial consequences for health-
care providers. Hospital profit margins are already
stretched thin (or negative) for Medicare patients, and with
Medicare patients constituting a growing proportion of
ASD surgeries [4], an immediate 10% reimbursement re-
duction because of understatement of follow-up costs of
care would be unsustainable.

Although this is the first study of our knowledge to as-
sess the long-term hospital costs of surgical treatment for
ASD, the analysis is limited with regard to the identifica-
tion of readmissions, the scope of cost data available, and
the breadth of clinical data captured in hospital databases.
As a single-center study, readmissions to other hospitals re-
lated to the index surgery are not captured in our analysis.
Although this is perceived as an infrequent occurrence giv-
en the nature of the surgery, our data sources do not allow
us to fully capture all readmissions.

Our measure of costs is also limited in that we consider
only hospital costs of surgery and therefore exclude any
postdischarge costs including physical therapy and pre-
scription drugs. Our hospital costs also exclude physician
fees; however, because we analyze actual costs incurred
rather than reimbursements, the lack of physician fees is
less meaningful in this case. Including these costs and in-
direct costs from loss of productivity or absenteeism would
of course increase the total costs of care relative to the fig-
ures herein. To date, postdischarge direct and indirect costs
after ASD surgery have not been fully quantified in the
literature.

Ultimately, our study quantifies the long-term hospital
costs of surgical treatment for ASD and provides additional
insight into the role of physician preference in determining
OR costs such as implants and biologics. With future re-
search on the long-term clinical and quality-of-life out-
comes from ASD surgery, our current analysis can help
inform policy makers, payers, patients, and physicians as
to the long-term cost-effectiveness of surgical treatment
of ASD and help to identify strategies to improve the
cost-effectiveness of surgical intervention.
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