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Abstract
Study design  Retrospective multicenter cost analysis.
Objective  To (1) determine if index episode of care (iEOC) costs of Adult Spinal Deformity (ASD) surgeries are below the 
Medicare Allowable (MA) threshold, and (2) identify variables that can predict iEOC cases that are below MA.
Summary of background data  Previous studies have suggested that actual direct hospital cost of Adult Spinal Deformity 
(ASD) surgery is higher than Medicare Allowable (MA) rates, which has become the benchmark reimbursement target for 
hospital accounting systems.
Methods  From a prospective, multicenter ASD surgical database, patients undergoing long instrumented fusions (> 5 level) 
with cost data were identified. iEOC cost was calculated utilizing actual direct hospital cost. MA rates were calculated using 
hospital specific, year-appropriate CMS Inpatient Pricer Payment System. Recursive partitioning identified potentially modi-
fiable variables that can predict iEOC cost < MA.
Results  Administrative direct cost data from 210 patients were obtained from 4 of 11 centers. Ninety-five (45%) patients had 
iEOC cost < MA. There was significant variation across the four centers in both iEOC cost ($56,788–$78,878, p < 0.0001) and 
reimbursement ($40,623–$91,351, p < 0.0001) across deformity-specific DRGs (453,454,456,457). Academic centers were 
more likely to have iEOC costs < MA (67.2% vs 8.9%, p < 0.0001). Recursive partitioning (r2 = 0.309) identified rhBMP-2 
use of < 24 mg, sagittal plane deformity, a combined anterior/posterior approach, and an SF36-MCS < 39 as predictive for 
iEOC cost < MA. Performing an anterior/posterior approach reimburses between 14.7% and 121.1% more (2.2-fold) than 
posterior-only approach. This change in DRG allows iEOC cost to be more likely below the MA threshold.
Conclusion  There is significant institutional (private vs academic) variation in ASD reimbursement. BMP use, deformity 
type, approach, and baseline mental health impact ASD surgery cost being below Medicare reimbursement. ASD surgeries 
with anterior/posterior approaches are in DRGs that can potentially reimburse 2.2-fold the posterior-only surgery, making 
it more likely to fall below the MA threshold.
Level of evidence  III.
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Introduction

There has been a rapid increase in the overall cost of spine 
care in the United States [1–4]. This is due to a larger num-
ber of spine procedures being performed as the elderly pop-
ulation increases with the cost/surgery increasing as well 
[2, 4, 5]. Aside from increasing costs, another issue is the 
wide variability in the cost of spine procedures among dif-
ferent surgeons and institutions [6–8]. Several initiatives to 
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minimize cost variability, provide consistency and improve 
over-all value have been advocated [9] as cost containment 
is necessary for complex spine surgery to remain a cost-
effective option for patients, insurers and providers [6, 8]. 
Surgeries for adult spinal deformity (ASD) carry the highest 
complication rates and widest variability in cost [3–9]. In 
addition, because of the high cost and extensive resource 
consumption, it is possible that payors limit the payments 
(or resources) to these types of surgery to contain cost in the 
future [3, 6, 8, 10, 11].

Alternative payment models that move away from fee-for-
service reimbursement and provide incentives to improve 
value are included in the Patient Protection and Affordable 
Care Act (PPAC) [12]. The Center for Medicare and Med-
icaid Innovation (CMMI) is trialing episode-based bundled 
payments via its Bundled Payment for Care Improvement 
(BPCI) program [13] by providing a prearranged, fixed reim-
bursement containing all services related to a specific diag-
nosis or procedure over a predefined time horizon. The hos-
pital must contain cost below the bundled payment threshold 
to be successful. This promotes care coordination among 
hospitals, payers, and providers to eliminate unnecessary 
expenditures. In theory, this promotes care accountability 
with an overall goal of improving cost-effectiveness across 
the continuum of spine care [14–16]. However, it also cre-
ates concern among spine surgeons who provide surgery for 
patients ASDs that Medicare reimbursements are insufficient 
to cover hospital costs, which could jeopardize their ability 
to provide such services in the future.

Bundled care reimbursement models that have been used 
over the past decade in joint arthroplasty are now being uti-
lized in select centers for spinal fusions [15, 17]. Medicare 
Allowable (MA) rates have been used as a cost metric when 
performing cost-effectiveness studies from a societal per-
spective as they are considered as the cost society is willing 
to pay for these procedures [6, 8]. This benchmark reim-
bursement threshold may also be useful to evaluate whether 
the actual direct cost of spine care for a given institution falls 
below a specific threshold making a bundled-care payment 
profitable. The goal of our study was to evaluate the direct, 
actual cost of adult spinal deformity (ASD) surgeries from a 
prospective, multicenter database and compare them to the 
Medicare Allowable rates (what the government will pay). 
A secondary goal was to identify modifiable variables that 
are associated with direct costs being below or equal to this 
MA threshold.

Methods

This is a retrospective analysis of surgical ASD patients pro-
spectively enrolled in the International Spine Study Group 
registry, a multicenter database from 11 spine specialty 

surgical centers from December 2008 to May 2015. All 
patients were enrolled through an institutional review board-
approved protocol by each site. IRB Approval for this sec-
ondary analysis was also obtained (14.1256). Inclusion crite-
ria were age greater than 18 years and radiographic evidence 
of ASD defined by presence of at least one of the following 
criteria: coronal Cobb angle ≥ 20°, Sagittal Vertical Axis 
(SVA) ≥ 5 cm, Pelvic Tilt (PT) ≥ 25° and/or Thoracic Kypho-
sis (TK) ≥ 60°. Exclusion criteria were spine deformity sec-
ondary to neuromuscular disorders, autoimmune diseases, 
infection, malignancy or trauma. Funding for the database 
is through the International Spine Study Group Foundation. 
For the current study, patients were included only if they 
underwent fusion surgery over five or more levels and if 
administrative index episode of care (iEOC) cost data was 
available. iEOC data were available in 4 of the 11 centers 
participating in the database. All of the institutions are ter-
tiary hospitals that perform a high volume of spine deform-
ity surgeries. Additionally, all are in metropolitan areas with 
two of them being considered the west region of the US, one 
of them in the Midwest, and one in the South. Unfortunately, 
because of the sensitivity of actual cost data due to vendor 
pricing, we cannot disclose the exact hospital. Additionally, 
the distinction between academic and private institutions 
was based on the presence of a university and/or medical 
school affiliation.

Demographic data collected included age, gender, body 
mass index (BMI), smoking status, and Frailty Index [REF]. 
Patient-Reported Outcome (PROs) data included baseline 
Scoliosis Research Society – 22R (SRS-22) scores [18], 
Numeric Rating Scale (NRS, 0–10) for Back and Leg pain 
[19], the Short-Form-36 version 2 (SF-36) [20], and the 
modified Oswestry Disability Index (ODI) [21]. Radio-
graphic parameters were measured on 36-inch full-length 
standing postero-anterior and lateral radiographs using Spi-
neview® validated software (ENSAM Laboratory of Bio-
mechanics, Paris, France).

Index episode of care (iEOC) cost was the actual direct 
hospital cost obtained from each of the four participating 
centers. Direct hospital cost was the actual monetary outlay 
the institution pays for supplies, instrumentation and over-
head costs for room and board and operating room costs. 
It does not include salaries for healthcare providers. Medi-
care Allowable (MA) rates were calculated using the year-
appropriate CMS Inpatient Pricer-Payment System Tool 
[22] specific to hospital and date of surgery based on the 
Diagnosis-Related Group (DRG) for the surgery performed. 
Subjects were stratified into those in whom the total iEOC 
was less than or equal to MA (iEOC < MA) and those in 
whom the iEOC was greater than MA (iEOC > MA). All 
statistical analyses were performed using JMP version 13.1.0 
(SAS Institute Inc.; Cary NC). Comparisons between the 
iEOC < MA and the iEOC > MA were performed using 



427Spine Deformity (2022) 10:425–431	

1 3

Student’s t tests for continuous variables and Fisher’s exact 
test for categorical variables. Comparisons among the four 
institutions that provided subjects and cost data were per-
formed using one-way ANOVA with Tukey post hoc com-
parisons for continuous variables and Fisher’s exact test for 
categorical variables. Due to multiple concurrent analyses, 
a threshold p value of p < 0.001 was considered statistically 
significant. Recursive partitioning was used to identify 
potentially modifiable variables associated with iEOC < MA. 
Paths were followed only in the direction of iEOC < MA as 
long as the R2 continued to improve, or approach 1.0.

Results

A total of 210 subjects from four institutions met inclu-
sion criteria, 95 (45%) in the iEOC < MA and 115 (55%) 
in the iEOC > MA group. There were less females (41%) in 
the iEOC < MA group compared to the iEOC > MA (90%) 
group. Interestingly, there were more revision cases and 
more frail patients in the iEOC < MA group compared to 
the iEOC > MA group (Table 1). There were statistically sig-
nificant differences in the radiographic measures in terms of 
location and type of deformity. Additionally, patients in the 
iEOC < MA group had a statistically significantly smaller 
Cobb angle than those in the iEOC > MA group.

Patients in the iEOC < MA group had worse baseline PRO 
scores, except for the SRS Appearance score compared to 
the iEOC > MA group (Table 2). Patients in the iEOC < MA 
group had shorter operative times, less levels fused with less 
fusions into the upper thoracic spine, less number of inter-
body fusions, less BMP use and smaller number of patients 
requiring a SICU stay. The incidence of complications was 
similar between the two groups (Table 3). 

There is a great variability in both the iEOC and MA for 
a given DRG among the different institutions (Table 4). For 
a given DRG, Medicare Reimbursement was consistently 

lower than total direct costs for both Private Institutions. In 
contrast, except for DRG 457 which are long fusions in Insti-
tution 3, Medicare Reimbursement was consistently higher 
than total direct costs for both Academic Institutions.

Both the smallest and largest standard deviations in direct 
cost were with DRG 453 with a standard deviation of $810 
in Institution 3 (Academic) and a standard deviation of 
$33,105 in Institution 1 (Private). Interestingly, Institution 
1 also had the smallest standard deviation also for DRG453 
for Medicare reimbursement ($663), while Institution 3 had 
the largest standard deviation also for Medicare reimburse-
ment ($18,814) for DRG454.

Recursive partitioning showed the use of BMP was the 
strongest driver of iEOC being greater than MA, followed 
by the magnitude of the Coronal Cobb Angle, the use of a 
combined anteroposterior approach and poor SF-36 Mental 
Composite Summary scores (Fig. 1).

Discussion

In this study, evaluating total direct hospital costs for 
complex adult deformity surgery, the main finding was 
the large variability in both the direct costs and Medi-
care reimbursements within and among institutions and 
the large variability in the predicted profits and losses. 
The large variability in the actual cost of ASD surger-
ies was expected. However, it was surprising to see vari-
ability in the amount of Medicare reimbursement from 
center to center as well. Medicare Allowable rates have 
been used as a proxy for cost in cost-effectiveness stud-
ies using a societal perspective. Although Medicare reim-
bursement is influenced by many factors including loca-
tion, teaching status, availability of other health systems 
in the same geography, urban vs rural status, investments 

Table 1   Summary of baseline data

iEOC Index Episode of Care; MA medicare allowable

iEOC < MA iEOC > MA p value

N 95 115
Age, years, mean (SD) 61.0 (12.1) 58.2 (13.0) 0.112
Females, N (%) 39 (41%) 103 (90%) 0.005
Body mass index, kg/m2, mean 

(SD)
28.8 (6.5) 27.6 (6.9) 0.193

Smoker 4 14 0.080
Prior spine surgery, N (%) 64 (67%) 34 (30%) < 0.001
Frailty Index, mean (SD) 3.9 (0.9) 3.6 (0.9) 0.029
Maximum Coronal Cobb 

Angle, degrees, Mean (SD)
31.8 (17.5) 49.6 (16.2)  < 0.001

Table 2   Summary of baseline patient-reported outcome scores, mean 
(SD)

iEOC Index Episode of Care; MA medicare allowable

iEOC < MA iEOC > MA p value

Oswestry disability index 53.7 (16.9) 39.8 (17.4)  < 0.001
Scoliosis research society 

instrument
 Self-image 2.2 (0.8) 2.4 (0.8) 0.087
 Activity 2.5 (0.8) 2.9 (0.8)  < 0.001
 Pain 2.1 (0.8) 2.6 (0.8)  < 0.001
 Mental 3.1 (1.0) 3.6 (0.8)  < 0.001
 Total 2.5 (0.7) 2.9 (0.6)  < 0.001

Short Form-36
 Physical composite summary 28.9 (7.2) 32.8 (9.8) 0.002
 Mental composite summary 39.3 (15.2) 46.2 (12.9) 0.001
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in infrastructure and participation in pilot programs, the 
rubric determining Medicare reimbursement is not widely 
available. Additionally, the large discrepancy between 
actual costs and MA rates, future studies looking at cost 

in ASD might want to consider the hospital’s perspective 
(direct costs).

In general, it appears that the Academic Institutions 
consistently have lower direct costs and higher Medicare 

Table 3   Summary of operative 
data

iEOC index episode of care; ma medicare allowable, BMP bone morphogenetic protein, SICU surgical 
intensive care unit

iEOC < MA iEOC > MA p value

Surgical time, minutes, mean (SD) 390.1 (119) 435.3 (19.2) 0.011
Days between stages, mean (SD) 8.96 (33.6) 0.45 (3.1) 0.008
Levels fused, mean (SD) 11.3 (3.8) 13.1 (3.5)  < 0.001
Three-column osteotomies, mean per patient 0.65 (0.52) 0.23 (0.53)  < 0.001
Interbody fusions, mean per patient 2.1 (1.2) 3.2 (1.6)  < 0.001
BMP used, N (%) 42 (44) 99 (86)  < 0.001
BMP mg, Mean per patient 19.6 (12.5) 32.3 (13.4)  < 0.001
Patients fused proximal to T7, N (%) 33 (35%) 77 (67%)  < 0.001
Patients fused to pelvis, N (%) 86 (90%) 84 (73%) 0.004
Patients with SICU stay, N (%) 46 (48%) 88 (77%)  < 0.001
Complications per patient, mean (SD) 1.3 (1.2) 1.8 (1.7) 0.009
Minor complications per patient 0.6 (0.8) 0.93 (1.0) 0.013

Table 4   Mean costs and reimbursement by institution stratified by Disease Related Group (DRG) Codes

DRG Description Cost/reimbursement Private Academic

Institution 1 Institution 2 Institution 3 Institution 4

453 Combined anterior/posterior spinal fusion w mcc Cost $107,548 N/A $47,077 $82,994
Reimbursement $54,216 N/A $144,254 $132,910

Average margin $(53,331) $97,178 $49,915
454 Combined anterior/posterior spinal fusion w cc Cost $83,285 N/A $62,727 $86,144

Reimbursement $38,750 N/A $96,558 $96,090
Average margin $(44,534) $33,832 $9,945
456 Spinal fusion exc cerv w spinal curv/malig/infec 

or 9 + fus w mcc
Cost $73,510 $78,903 $53,840 $66,765
Reimbursement $47,256 $70,288 $65,089 $121,676

Average margin $(26,254) $(8,616) $11,249 $54,912
457 Spinal fus exc cerv w spinal curv/malig/infec or 

9 + fus w cc
Cost $55,514 $62,642 $56,226 $69,913
Reimbursement $32,186 $48,533 $44,490 $80,189

Average margin $(23,328) $(14,109) $(11,737) $10,277

Fig. 1   Results of recursive 
partitioning analysis. For this 
model 32 patients, 33.7% of 
those with an iEOC < MA, had 
an iEOC < MA from one of two 
termini (bold). (R2 = 0.309)

≥24 mg (n=101)

Approach

<24 mg (n=109)

BMP-2
≥25.6° (n=66)

<25.6° (n=43)

Max Cobb APSF (n=12)

PSF (n=31) SF-36 MCS

≥38.9 (n=11)

<38.9 (n=20)

N=210
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reimbursements compared to the Private Institutions with 
67.2% vs 8.9% (p < 0.0001) have costs below the MA thresh-
old (iEOC < MA). It would be interesting to evaluate Insti-
tution 3’s fiscal policies to understand how it can keep a 
positive operating margin and at the same time evaluate the 
fiscal policies of the Private Institutions to help them create 
a positive operating margin. Unfortunately, information to 
help us tease this out is not readily available and contractual 
policies prohibit sharing of this type of data. Even so, the 
fact that certain types of centers appear to be more likely 
to profit from ASD surgery may help triage these complex 
procedures to centers with appropriate resources and cost 
structures. This type of triaging may aid payors or policy-
makers in the future to funnel or direct these complex cases 
to institutions that have the capacity to better manage ASD 
surgical care. To lump all types of deformity surgery into 
such few DRGs might be an inherent flaw in the current 
payment model.

Another interesting finding is that patients in the 
iEOC < MA had consistently worse generic and disease-spe-
cific patient-reported outcomes compared to the patients in 
the iEOC > MA group. This is contradictory to the pervad-
ing idea that patients that have worse symptoms and poorer 
function preoperatively will cost the hospital system more 
than patients who are less sick. This is likely due to an opti-
mal or “sweet spot”. That is, the patient has comorbidities 
that allow for coding for a more complex DRG, reimburs-
ing at higher level yet still have a good outcome. There is 
an inherent fixed or baseline cost for all ASD surgeries and 
although the healthiest patients might have less complica-
tions, they also reimburse the least as they will fall into the 
lowest reimbursement for the given DRG. Lastly, it is worth 
pointing out that this analysis is limited to the index epi-
sode of care. Although more frail patients might increase the 
DRG reimbursement, they can potentially have more down-
stream complications that can be more costly and negate the 
profit initially earned [8, 23].

The finding that patients in the iEOC < MA group had 
shorter operative times, shorter fusions and shorter ICU 
stays with less 3 column osteotomies, less interbody fusions, 
less BMP use compared to the iEOC > MA group is to be 
expected. The number of total complications per patient 
was similar between the cohorts. This implies that even if 
post-operative complications were not reimbursable, the 
profit margin for these cases remains similar. An interest-
ing finding is that there were more revision cases in the 
iEOC < MA group compared to the iEOC > MA group. With 
the current data available from the database, it is difficult 
to ascertain if these revision surgeries were more, or less, 
extensive than the index surgeries. In efforts to determine 
independent drivers of iEOC < MA we utilized recursive 
partitioning and found that less BMP use, less coronal cobb, 
a posterior-only approach, and worse baseline mental health 

were factors identified. The amount of BMP utilized is an 
obvious driver for the index visit but it reduces the reop-
eration rate for pseudoarthrosis [24], the index cost upfront 
could be beneficial and outweighed in the setting of long-
term cost-effectiveness where durability is so important in 
these expensive surgeries. When comparing ASD surgeries 
with ≥ 9 level fusions in patients with similar comorbidities 
or complications, performing an anterior/posterior approach 
reimburses between 14.7% and 121.1% more (2.2-fold) than 
posterior-only approach. This change in DRG allows iEOC 
to be more likely below the Medicare Allowable threshold.

There are limitations to this study. As this is a retrospec-
tive review of prospectively collected data biases inherent 
in retrospective studies may be present. Selection bias may 
be present as only four of the 11 institutions that contrib-
ute to the database were willing to provide total direct hos-
pital cost data. This highlights the difficulty in obtaining 
direct, actual cost data from institutions. There may also be 
informational bias as the seven institutions were not able 
to share information on institution-specific factors, such as 
contracting implant and biologic costs, are not possible to 
share which would add granularity to the analysis and would 
be a breach of vendor contracting. The time horizon is short, 
looking only at the index episode of care and not any read-
missions or revision surgeries after discharge. Additionally, 
it is not our intent to look at patients as profit centers, but to 
identify trends in ASD surgery that are not sustainable. As 
US healthcare becomes more cost-conscious, there is the 
potential to limit resources for very costly procedures. We 
feel that studies such as the current one allow for appropriate 
identification of metrics to improve on the economic profile 
of ASD surgery. Funding for this study was received from 
the International Spine Study Group. Several authors receive 
grants, royalties, consulting fees and have stock ownership 
from several medical device companies. Although a percep-
tion of a conflict may be present, none of these relationships 
have a direct potential conflict of interest with the subject 
of this manuscript. Lastly, when studying the economics of 
spinal deformity surgery or any cost of medical care in the 
US, the financial structure of medical care is so drastically 
different among countries it would be unfortunately futile 
information to directly compare to non-US economic stud-
ies. This study focuses on the economics of care within the 
context of the US financial and medical system.

In conclusion, the results of this study show that there 
is a wide variability in total direct costs as well as Medi-
care reimbursements within and among institutions per-
forming surgeries on patients with adult spinal deformity. 
Patients with worse baseline profiles (symptoms/frailty) 
were not more costly than patients with less severe symp-
toms. Additionally, ASD surgeries with anterior/posterior 
approaches are in DRGs that can potentially reimburse 
2.2-fold the posterior-only surgery, making it more likely 
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to fall below the Medicare Allowable threshold. This anal-
ysis can provide the basis of future research to help reduce 
variability in ASD surgery and potentially allow these sur-
geries to be performed in a sustainable fashion. Lastly, the 
large variation between institution types with regards to 
reimbursement may allow for payors or policy-makers to 
direct care of these complexes procedures to institutions 
with the appropriate resources.
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